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STAT]: YOUR NAME AND ADDRESS. 

ECC Statemem No. 2 
Witness: Robert Q. Hanham 

0-

A. 

0-
A. 

Q-

A. 

Q. 

A. 

My name is Roben Q. Hanham and my work address is Deparlmenl of Geology and 

Geography, Box 6300, West Virginia University, Morgantown, WV 26506. 

EMPLOYMENT 

WHAT IS YOUR CURRENT OCCUPATION? 

I am an Associate Professor of Geography at West Virginia University. 

EDUCATION AND EXPERIENCE 

DESCRIBE YOUR EDUCATIONAL EXPERIENCE. 

1 was awarded a Bachelor of Arts Degree (Geography) from Reading University (United 

Kingdom) in 1969, a Masters in Geography from The Ohio State University in 1971, and 

a Ph.D. in Geography from The Ohio State University in' 1973. 

DESCRIBE YOUR PROFESSIONAL EXPERIENCE. 

From 1973 until 1981, I was a faculty member of the Department of Geography at ihe 

University of Oklahoma. Since 1981,1 have been a faculty member ofthe Department of 

Geography at West Virginia University. My primary research and teaching specialty has 

been uneven economic development. The theory of uneven economic development 

touches on many issues, including environmental and health aspects. I have been 

awarded numerous grants and published many peer-reviewed articles on all aspects of 

uneven economic development. 

Since 1974, ] have taught a graduate level course in advanced geo-statistics, i.e. 

the use of statistical methods in various fields and applications, including epidemiology. 

Since the early 1990s. 1 have taught a semester-long course each year on climate change, 

addressing global warming, pollution, ozone depletion, and acid rain. 

I have conducted research with various epidemiologists and community heailh 

specialists at West Virginia University. For example, pursuant to research grants from the 

Centers for Disease Control and Prevention, I , along with a community health specialist, 

researched obesity and health in the Appalachian region for approximately two years 
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(from 2002 through 2004). For a fuller discussion of my qualifications, see my 

curriculum vitae attached as Exhibit RQH-1. 

Q. HAVE YOU HAD EXPERIENCE REVIEWING RESEARCH OF OTHERS IN THE 

FIELD OF UNEVEN ECONOMIC DEVELOPMENT? 

A. Yes. The process of reviewing and critiquing the scientific work of others is an essential 

part of my job and it has broad application in acadcmia. During my career, I have had 

countless opportunities to review and critique research proposals and articles in uneven 

economic development and related fields. For example, I have had 17 doctorate students 

and dozens of masters students in the area of uneven economic development- I also have 

reviewed countless articles and research grant proposals related to uneven economic 

development. 

PURPOSE OF TESTIMONY 

Q. DESCRIBE THE PURPOSE OF YOUR TESTIMONY. 

A. / have been asked by the Energy Conservation Council of Pennsylvania to evaluate the 

impact ofthe powerlines proposed by the Trans-Allegheny Interstate Line Company 

('TrAILCo") based on my expertise in uneven economic development, including 

pollution and health effects. 

My testimony focuses on the uneven economic development between Greene and 

Washington counties, the proposed site ofthe powerlines, and Loudon County, Virginia, 

the beneficiary ofthe proposed powerlines. I conclude that the proposed powerlines will 

increase the value ofthe eastern communities, at the expense of Greene and Washington 

counties, which will be devalued by the powerlines. I base this conclusion on the tact thai 

Greene and Washington counties will suffer substantially greater pollution from the 

increased power generation, greater health risks as a result of both the pollution and the 

proximity of the powerlines, and lower property values. 

My opinions include an academic critique of the work of Dr. Bailey who 

TrAILCo hired for the purpose of discounting the health risks associated with electric and 
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magnetic fields (EMFs) generated by high power transmission lines. Uneven economic 

development is, above all, concerned with social, economic, and environmental justice. 

UNEVEN ECONOMIC DEVELOPMENT 

Q: WHAT IS UNEVEN ECONOMIC DEVELOPMENT? 

A: Uneven development is a geographical theory that explains why economic development 

in the world is so unbalanced. The theory argues that, in a profit-driven economic system, 

the economic development of one place always goes hand-in-hand with the devaluation of 

another place. In fact, one requires the other. Tlie value of one or more places is reduced 

so that the value of the developed place can be raised. 

The theory is used to explain the huge disparities in status of development 

whether on a macro sale, (Le. comparing economics in the global economy) or a micro 

scale (i.e. comparing sections of a city). 

Q: HOW DOES THE THEORY OF UNEVEN ECONOMIC DEVELOPMENT APPLY TO 

THE POWERLINES PROPOSED BY TRAILCO? 

A: The powerlines proposal by TrAILCo is a classic example of the theory in action. The 

value of communities in Greene and Washington counties are going to be reduced so (hat 

the value of communities on the east coast can be raised. Businesses, households, 

individuals, and even local governments in Greene and Washington counties will be 

devalued due to the powerlines proposed by TrAJLCo. 

Q. PLEASE COMPARE THE BASIC POPULATION DEMOGRAPHICS OF 

WASHINGTON AND GREENE COUNTIES, PENNSYLVANIA TO LOUDOUN 

COUNTY, VIRGINIA. 

A. According to data published on the U.S. Census Bureau website, the estimated population 

of Washington County and Greene Counties, as of July 1, 2006, totals approximately 

247,000. Source Annual Estimates ofthe Population for Counties of Pennsylvania: April 

J, 2000 to July I , 2006 http://factfinder.census.gov/home/safif7main.htmi? Iang=en (see : 

Exhibit RQH-2). The estimate for Loudoun County, pan ofthe greater Washington D C. 
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metropolitan area, is 268,817. Source Annual Estimates ofthe Population for Counties of 

Virginia: April 1, 2000 to July 1, 2006 (see Exhibit RQH-3). 

http://factfinder.census.gov/home/safi7main.htm]? iang=en. From 2000 to 2006, 

Loudoun's population has increased by an estimated 95,000. By conlrast, over the six 

year span, the combined estimate population growth in Washington and Green Counties 

iota! 3,200. Compare Exhibit RQH-2 with Exhibit RQH-3. Actually, the U.S. Census 

Bureau estimate a slight decline in the population of Greene County. Exhibit RQH-2. 

The U.S. Census Bureau's estimates show Loudoun County has experienced rapid 

growth since 2000. By contrast, Washington County has experienced modest growth and 

Greene County has remain static or slightly declined. 

Q. IN THE CONTEXT OF TRAILCO'S APPLICATION, WHAT CONCLUSIONS MAY 

BE DRAWN FROM THESE BASIC DEMOGRAPHIC DATA? 

A. Tlie influx of over a third of Loudoun County's population within the past six years has 

caused increased electrical consumption. As the Pennsylvania Chapter of the Sierra Club 

notes and TrAILCo admits in its West Virginia application, four (4) new generation plants 

may be built to service the proposed powerlines which terminate in the east in Loudoun 

County. Source Testimony & Comments ofthe Pennsylvania Chapter of the Sierra Club 

(see Exhibit RQH-4). Even TrAILCo's own witnesses acknowledge that the economic 

potential in the electrical consumption outside of Southwestern Pennsylvania drives 

TrAILCo's proposal and the alleged need for the proposed powerlines. 

Loudoun's staggering growth, the terminus of the proposed powerlines in 

Loudoun County, and TrAILCo's admission of increased electrical generation — all 

viewed further in the context ofthe minimal combined growth of Washington and Greene 

Counties -- leads to the conclusion that TrAILCo ultimately plans to benefit Loudoun 

County by transferring increased electrical generation over the proposed powerlines. 

Q. WHAT IS THE MEDIAN HOUSEHOLD INCOME OF THE COUNTIES? 

A. According to data from the U.S. Census Bureau the median household income for 

Loudoun County in 2006 w-as estimated at §99,371. Source: U.S. Census Bureau 
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Loudoun County, Virginia Selected Economic Characteristics: 2006 (see Exhibit RQH-5). 

By contrast, Washington County's median household income was S45,7S9. Source: U.S. 

Census Bureau Washington County, Pennsylvania Selected Economic Characteristics: 

2006 (see Exhibit RQH-6). Data for 2006 was unavailable for Greene County; however, 

in 2000, the median household income was 530,352. Source: U.S. Census Bureau Greene 

Couniy, Pennsylvania Profile of Selected Economic Characteristics: 2000 (see Exhibit 

RQH-7). 

Q. WILL COSTS ASSOCIATED WITH THE POWERLINES BE 

DISPROPORTIONATELY ABSORBED IN WASHINGTON AND GREENE 

COUNTIES? 

A. Yes. Costs associated with the powerlines will be disproporiionately absorbed by Greene 

and Washington Counties, while Loudoun County receives the benefit of increased 

electrical generation. For example, a TrAILCo witness testified the estimated costs 

associated with the powerlines will be paid by TrAILCo's cuslomers and other load 

serving entities in PJM. Source: TrAILCo Supplemental Direct Tesiimony of Mark A. 

Mader. Costs will be unduly absorbed by customers in Washington and Greene Counties, 

who on average have less means than their counterparts in Loudoun County and who do 

not benefit from the transferred eleciricity. Source: Energy Conversalion Council of 

Pennsylvania Statement No. 1 regarding the failure of TrAILCo to prove a need for the 

proposed project in Pennsylvania. 

'Die powerlines do not increase the property values of affected customers. 

TrAILCo's conduct of paying customers "damages" and seeking "Damages Release" 

acknowledges that fact. Construction of the powerlines will lead to devaluation of the 

property upon which they sit, causing a potential drop in lax revenue. 

Additionally, the increased coal-fired electric generation will produce more 

environmental pollution and increased health risks. Greene and Washington Counties 

will host the lines, and, along with other pans of Pennsylvania, are in closer proximity to 
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ihe generation sources. Thus, they will be disproportionately impacted by pollution and 

increased health risks. 

Cusiomers face direct costs, pollution, and increased health risks. Local 

governments face potentially declining revenues while simultaneously confronting 

potentialiy vast new costs posed by health care and environmental risks associated with 

coal-fired generation. 

TrAILCo's application fails to address or evaluate ihe impacts of uneven 

economic development, including ihe potential costs and dangers to Pennsylvania and its 

residents resulting from the disproponionate pollution, adverse health effects, etc., on 

Washingion and Greene Counties, or any other part of Pennsylvania. 

UNEVEN ECONOMIC DEVELOPMENT AND POLLUTION 

Q: DOES POLLUTION CONTRIBUTE TO UNEVEN ECONOMIC DEVELOPMENT? 

A: Yes. Increased pollution from the proposed powerlines will contribute substantially to the 

devaluation of Pennsylvania, including Greene and Washington counties. Expanded 

transmission capacity typically requires greater power generation, which in turn requires 

the increased burning of fossil fuels and thus more harmful and toxic waste through 

increased atmospheric emissions and additional waste in area landfills (the ash). 

Globally, fossil fuel power plants are a major contributor to global warming. The 

causes of global warming are carbon dioxide emissions (47%), black carbon particulates 

(16%), methane (14%), ozone (12%), CFCs (7%) and nitrogen oxides (4%). Fossil fuel 

power plants emit all of these pollutants, except for CFCs. Typically, a 1000 megawatt 

(MW) coal-fired power plant in the United States emits on average 5.6 million tons of 

COT per year. TrAILCo's proposal will likely increase the generational output of existing 

plants and/or lead to the construction of additional coal-fired generating plants, with a 

corresponding increase in CO2 output. While global warming is and will continue to , 

affect communities in Greene and Washington counties (and communities worldwide), 

giobai warming's impact will be uneven, and increased power generation could worsen 
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the local impact. Source: Intergovernmental Panel on Climate Change (IPCC) (2007) 

(see Exhibit RQH-8). 

Fossil liiel power plants also cause huge quantities of toxic waste to be emitted 

into the air and dumped in landfills in Greene and Washington counties. Even at current 

levels, the health and environmental effects of this toxic waste are as follows: (sources: 

health information from Centers for Disease Control and Prevention and chemical 

information from EPA's Toxic Release Inventory (2005) (see Exhibit RQH-9). 

•Hydrochloric acid (2553 tons into the air a year from both counties) and sulfuric acid 

(567 tons a year into (he air) both cause respiratory disease. They also are the leading 

causes of acid rain in this country. 

•Lead (almost one ton emitted into the air and 8 tons buried in landfills a year), mercury (a 

quarter of a ton into the air a year) and dioxin are all neurotoxins, and dioxin is also a 

carcinogen. 

•Chromium (almost one ton into the air and 18 tons in landfills) can cause lung cancer. 

•Nickel (half a lon into the air and 16 tons in landfills) is a carcinogenic in large 

quantities. 

•Barium (3 tons into the air and 100 tons in landfills) can cause kidney damage. 

•Zinc (2 tons into the air and 21 tons in landfills) is known to cause infertility in animals. 

•Vanadium (more than one ton into the air and 35 tons in landfills) is known to cause birth 

defects in animals. 

•Arsenic (almosl one ton into the air and 8 tons in landfills) is highly poisonous. 

Exposure to air pollution in Pennsylvania is especially acute. Sources: Exhibit RQH-4: 

Comments of Siena Club, Pennsylvania Chapter, Clean Air Committee (see Exhibit 

RQH-10). Ozone, smog, and paniculate matter, 2.5 microns and smaller (PM 2.5), in 

Southwestern Pennsylvania is particular acute. Id. Such pollution is potentially 

respirable and causes a variety of potentially life-threatening illness. Id. 

Increased power generation leads only to increased toxic pollution whether 

emitted into the air or dumped into the landfills, including landfills in Greene and 
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Washington counties. The situation in Pennsylvania, already detrimentally impacted by 

existing pollution, will be exacerbated by increased electric generation. 

Q. WHAT IS LOUDOUN COUNTY'S BURDEN WITH RESPECT TO THE INCREASED 

ELECTRICAL GENERATION? 

A. By comparison, Loudon Couniy, which has a population only slightly greater than thai of 

Greene and Washingion Counties combined (approximately 268,000 for the former and 

247,000 for the latter two), is not directly or proportionately burdened by production of 

such wastes. In fact, Loudon County does not apparently have any local utility plants. 

Source: EPA's Toxic Release Invenlory (2005) (see Exhibit RQH-9). Loudon Couniy is 

also not subject to the same burden as Southwestern Pennsylvania which is closer to 

generational sources in the Ohio River Valley. 

Q. DOES INCREASING POLLUTION LEAD TO FURTHER UNEVEN ECONOMIC 

DEVELOPMENT? 

A. Yes. Ultimately, Greene and Washington counties are already disproportionately 

impacted by toxic waste from utilities. Tlie Counties should not be further burdened, 

particularly when Loudon County, which will benefit from the proposed powerlines, is 

not exposed to this extensive amount of waste or pollution. 

UNEVEN ECONOMIC DEVELOPMENT AND ADVERSE HEALTH RISKS 

Q: HAVE YOU REVIEWED TRAILCO'S STATEMENT REGARDING THE PROPOSED 

POWERLINES' EFFECTS ON HUMAN HEALTH? 

A. Yes, I had the opportunity to review TrAILCo's Statement No. 8 before the PUC. 

Q: WHAT IS YOUR VIEW OF THAT STATEMENT? , 

A. There are numerous problems with the reasoning and methodology employed by j 

Exponent, inc., the for-profit consulting firm hired by TrAILCo to prepare and provide 

the health-related research on EMFs. j 
i 

Q. WHAT TYPES OF PROBLEMS? \ 
[ 

A. First, the author of TrAILCo's Statement No. 8, entitled Current Status of Health-Related j 
j 

Research Of Electric and Magnetic Fields, is William Bailey Ph.D. Significantly, Dr. 
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Bailey is not an epidemiologist, but ralher specializes in neuropsychology (the study of 

psychiatric and neurological disorders). 

Second, Dr. Bailey includes many unsupported assertions in his report. For 

example, he emphatically states that the proposed powerlines will not contribute 

significantly to the exposure ofthe public in Pennsylvania (page 7. lines 1-3). He bases 

this conclusion on the following assertions: 

"The proposed route is situated mainly in rural areas at a distance from 

most residences' (page 7, lines 6-7). 

"Exposures to fields from the proposed line would be of limited duration 

and intermittent, such as those experienced by persons hiking on trails or 

crossing the right-of-way" (page 7, lines 7-9). 

"Riders in vehicles passing under the tine would be largely shielded from 

exposures lo the electric field" (page 7, lines 9-10). 

"The electric fields associated with the new line would contribute little to 

exposures al residences because of distance from the line and the 

effective blocking of these fields by trees, fences, shrubbery and 

buildings" (page 7, lines 11-3 3) 

"[TrAILCo has a] strategy of attempting to avoid routing TrAIL near 

residences" (page 8, line 22). 

Dr. Bailey ignores the fact that many residences are located very near the 

proposed transmission line and that many residents will be forced to live, play, or work 

next to or under the line. No support or evidence exists for Dr. Bailey's claims that cars 

or nearby trees, fences, shrubbery or buildings can or will effectively shield residents 

from exposures. 

'Third, Dr. Bailey, in assessing the potential health effects of exposure to EMFs, 

concludes that "[t]he scientific consensus among these agencies is that the evidence is 

insufficient to conclude that EMF is a cause of any long-term health effect." In reaching 

this conclusion, Dr. Bailey claims to rely on the weight-of-evidence research of the 
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International Agency for Research in Cancer (IARC) and the National Institutes of 

Environmemal Health Sciences (T^IEHS). There are several problems, however, wiib Dr. 

Bailey's conclusions based on this research. 

Q. EXPLAIN SOME OF THE PROBLEMS WITH DR. BAILEY'S CONCLUSIONS. 

A. NIEHS did in fact classify EMFs as a "possible carcinogen" with respect to childhood 

leukemia (see California EMF Program review, page 27). With respect to IARC, Dr. 

Bailey, himself, states: "Overall, magnetic fields were categorized [by IARC, of which 

Dr. Bailey was a member] as possibly carcinogenic lo humans...based on the stalistical 

association of higher magnetic fields with childhood leukemia." (page 14, lines 14-16). 

Other individuals, authorities, and agencies, including the California Department 

of Health Sen-ices (CDHS), have reached different conclusions than those of ihe studies 

relied on by Dr. Bailey.1 Source: CDHS: An Evaluation of the Possible Risks from 

Electric and Magnetic Fields (EMFs) from Power Lines, Internal Wiring, Elecirica] 

Occupations, and Appliances (June 2002) (Exhibit RQH 11). The CDHS, in an extensive 

four hundred page review of EMF health impact undertaken for the California PUC and 

published in 2002, evaluated the biophysical, mechanistic, animal pathology and 

epidemiological research on the subject (see pages 9-10 and pages 18-23 in the CDHS 

review for a discussion of these four types of evidence). The CDHS concluded that (see 

pages 24-26 in CDHS): 

•One or more ofthe reviewers strongly believe that EMFs increase 

the risk of childhood feukemia 

•One or more of the reviewers were prone to believe that EMFs 

increase the risk of adult leukemia and adult brain cancer 

•One or more of the reviewers were close to the dividing line 

between believing or not thai EMFs increase the risk of childhood 

Testimony ai ihe public input hearings idemified several oihcr epidemiological studies that show potential 
- 7 adverse heahh effects from EMFs. TrAILCo and Dr. Bailey appear to reject this evidence as well. 

28 
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brain cancer, breast cancer, miscarriage, Lou Gehrig's disease, 

Q-

A. 

Q. 

A. 

Alzheimer's, heart disease and suicide. 

IS DR. BAILEY'S CRITICISM OF THE CDHS REPORT BALANCED AND 

OBJECTIVE? 

No. Dr. Bailey's criticisms of CDHS report are wholly unpersuasive. First, Dr. Bailey 

stoles that "The review...lacked the multidisciplinary expertise ofthe other national and 

international [studies], specifically with regard to biological sciences" (pages 16-17, lines 

22-1). This is simply incorrect; the California study (page 7, lines 10-20 in CDHS) states 

quite clearly lhat specialists in biophysics, statistics, animal experimentation and 

toxicology were employed to assist the epidemiologists who did the review. 

Dr. Bailey's second criticism of the CDHS study is that 'The review...did noi 

adequately consider animal studies or other types of laboratory studies' (pages 16-17, 

lines 22-3). This criticism highlights a larger problem with Dr. Bailey's statement. Dr. 

Bailey repealedly downplays the epidemiological evidence, which does tend to support an 

association between EMFs and adverse health effects (see page 17, lines 9-16 and page 

18. lines 18-23). Dr. Bailey's entire testimony erroneously assumes that evidence of a 

causal link between EMFs and adverse health can only come from animal studies, not 

epidemiological ones. From my experience, this is typical of a strategy thai is widely 

used by industry to discredit studies that show a statistical association between a causal 

factor and adverse heailh. 

IS THERE A PROBLEM WITH RELYING ON ANIMAL EXPERIMENTS? 

Yes. Animal experiments often say nothing meaningful about the connection between a 

causal factor and adverse health. Many human drugs that have been withdrawn over the 

past few years were determined to be safe because iheir initial testing relied on animal 

experiments that did not relate to-human conditions. For example, Merck was able to put 

the pain-killer Vioxx on the market because animal studies seemed to show lhat it was 

safe. Subsequent clinical trials showed it caused cardiac risk to humans. The company 
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was successfully sued, specifically for relying on animal tests. There are many other such 

examples. 

Q. DID THE CDHS REPORT WEIGH DATA FROM ANIMAL EXPERIMENTS? 

A. Yes. The CDHS report considered animal studies in its review, but on equal terms with 

other forms of evidence, not preferentially. The report gives three reasons why animal 

experiments ofthe EMF mixture might miss the true effect of EMFs on health (page 19). 

First is the problem of finding the right animal, one that mimics the human anatomy. 

Second is the problem of finding the right mixture of EMFs effect to relate to animal 

response. Third is the questionable assumption in animal pathology studies of a 

monotonically increasing risk between cause (EMFs) and effect (adverse health), when 

many epidemiological studies indicate a more complex relation that is not necessarily 

monotonic (i.e., it jumps around, up and down, not a steady increase in other words). 

Q. DO YOU BELIEVE THE SCIENTIFIC APPROACH EMPLOYED BY CDHS TO BE 

MORE RELIABLE TO ASSESSING THE HEALTH RISK POSED BY EMF THAN 

THE IARC AND NIEHS STUDIES? 

A. Yes. In addition to thc items I have already discussed, the CDHS report further explains 

why its findings tend to identify a stronger connection between EMF and adverse health 

than the IARC and NIEHS studies.2 First, thc CDHS reviewers used a far more detailed 

rating scheme than IARC. CHDS reviewers used probabilities (a ratio scale) to assess the 

confidence they had in each research study. IARC reviewers used a simple binary 

response (yes or no) in evaluating studies. Second, the CDHS report incorporated the 

assessments of all their reviewers, positive or negative. The IARC report, on the other 

hand, simply gave the majority opinion. Although a sizable minority of the IARC 

reviewers believed there to be some indication of a link between EMF and adverse health 

in animal studies, this fact was not incorporated into the IARC findings (see CDHS, page 

2 Interestingly, the CDHS reviewers participated in the NIEHS study and one of the reviewers j 
participated in the IARC study, presumably alongside William Bailey. Accordingly, the CDHS [ 
reviewers were aware of the what had occurred in these previous studies. 
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28-29, lines 77-13). 'Phis skewed .the interpretation in IARC to suggest no link between 

EMF and health. Third, the CDFIS reviewers met regularly over a period of 'innumerable 

hours and days over a period of years1 (CDHS page 28, lines 64-68) to discuss their 

findings before creating a draft report. The IARC report was drafted over five days, only 

ten percent of which was devoted to discussion (CDHS, page 57-64). Similarly, '"the 

NIEHS evaluation [where] the decision was reached [occurred] over a ...week-long 

meeting, followed by a vote." (CDHS page 29, lines 14-16). 

Q. WHAT ARE YOUR CONCLUSIONS ABOUT DR. BAILEY'S WORK? 

A. There are numerous problems with the statement of Dr. Bailey, Primarily, he erroneously 

focuses solely on animal studies lo the exclusion of epidemiological studies. By using 

this approach, he unjustly diminishes the CDHS study, which shows an extensive and 

significant link between EMF and health issues. In fact. Dr. Bailey applies only 

unbalanced and subjective criticism to reject the CDl-IS report. Dr. Bailey's work is 

ultimately not well-reasoned. 

CONCLUSIONS 

Q. DOES TRAILCO'S PROPOSAL LEAD TO UNEVEN ECONOMIC DEVELOPMENT? 

A. Yes. The scenario before the Commission is classic uneven economic development. The 

driving purpose of TrAILCo's proposal is to exploit an economic opportunity it has 

identified in the developing urban areas of Loudoun County. As demonstrated, rural 

Washington County and Greene County will directly absorb costs of hosting the 

powerlines, including paying for their existence as well as sustaining loss of property 

value, without receipt of a benefit. Those counties and Pennsylvania, as a whole, will 

unduly absorb costs of ihe increased electric generation. These costs include increased 

pollution and health risks. Because TrAILCo does not address the impact of most of 

these costs on Washington or Greene Counties or Pennsylvania as a whole, its application 

should be denied. 

TrAILCo does attempt to offer the report/testimony of Dr. Bailey for the j 

proposition lhat EMFs do not pose demonstrable health risks for humans. However, Dr. 
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Bailev's selective analysis is fundamenlallv unreliable. There is credible, vetted 

ECC Statement No. 2 
Witness: Roben Q. Hanham 

0-

A. 

epidemiological evidence which reaches opposite conclusions. 

Ultimately, TrAILCo's proposal leads to uneven economic development which is 

not socially, economically, or environmentally just. 

DOES THIS CONCLUDE YOUR DIRECT TESTIMONY? 

Yes. However, I reserve the right to file such additional testimony as may be necessary or 

appropriate. 
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rhanham@wvu.edu 

EDUCATION 

Ph.D. Geography, Ohio State University 1973 
M.A. Geography, Ohio State University 1971 
B.A. Geography, Reading University (UK) 1969 

PROFESSIONAL EMPLOYMENT 

1981-present, Associate Professor of Geography, Department of Geology and Geography, WVU 

1987-1992, Geography Program Director and Assistant Chair, Department of Geology and 
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1996-1999, Geography Graduate Studies Coordinator, Dept. of Geology and Geography, WVU 

1981-1992, Geography Graduate Studies Coordinator, Dept. of Geology and Geography, WVU 

1981-1987, Research Associate Professor, Regional Research Institute, WVU 

1980-1981, Senior Lecturer, Department of Geography, Portsmouth Polytechnic, England 

1979-1980, Associate Professor, Department of Geography, University of Oklahoma 

1973-1980, Graduate Studies Coordinator, Department of Geography, University of Oklahoma 

1973-1979, Assistant Professor, Department of Geography, University of Oklahoma 



RESEARCH GRANTS AND AWARDS 

Joel Halverson and Robert Hanham, 2003-04, "Obesity in Appalachia: an Atlas of Geographic 
Disparities." Federal Centers for Disease Control and Prevention, Atlanta, $268,619. 

Joel Halverson and Robert Hanham, 2002-03, "Obesity in Appalachia: an Atlas of Geographic 
Disparities," Federal Centers for Disease Control and Prevention, Atlanta, $254,804. 

Joel Halverson and Robert Hanham. 2001-02, "Economic Change and Local Community Mental 
Health: Social Dimensions of Suicide in Appalachia," Federal Centers for Disease 
Control and Prevention, Atlanta, $29,161. 

Robert Hanham, "Exploring the Use of Local Network Autocorrelation Statistics in the Analysis of 
Inter-industry Linkages in West Virginia," 8/99 to 7/00, Bridge Grant, Regional Research 
Institute, West Virginia University. 

Robert Hitnham, "Regional Manufacturing Employment Change: a Spatial Analysis of Growing 
•,md Lagging Local Areas in Japan," 8/97 to 7/00, Faculty Research Associate Award, 
Regional Research Institute, West Virginia University. 

Robert Hanham, "Spatial Models of Unemployment in the U.S. Metropolitan System," 3/86 to 2/88, 
$44,000, National Science Foundation, Geography and Regional Science Program. 

F. Cu ..-.onetti, M. Choudhry, R. Duval, G. Elmes, R. Hanham, P. Mann, T. Torries and T. Witt, "An 
Integrated Assessment of Electricity Export from West Virginia," 7/84 to 6/86, $225,000, 
Energy Research Center, West Virginia University. 

James Bohland, Robert Hanham and Graham Rowles, "Multi-Scale Analysis of U.S. Elderly 
Population Change: 1960-1980," 8/83 to 1/85, $45,000, National Science Foundation, 
Geography and Regional Science Program. 

Frank Calzonetti and Robert Hanham, "An Evaluation of Electricity Export as a West Virginia Coal 
Utilization Strategy," 7/82 to 6/84, $35,000, Energy Research Center, West Virginia University. 

Pat Burnett, Alan Cook and Robert Hanham, "Application of New Urban Travel Forecasting 
Procedures," 12/77 to 9/78, $12,000, U.S. Department of Transportation. 

Robert Hanham, "Spatial Aspects of Wage Rate Changes Within the Urban System ofthe United 
States," 7/77 to 11/78. $20,000, National Science Foundation, Geography and Regional Science 
Program. 

Robert Hanham, Junior Faculty Summer Fellowship, University of Oklahoma, 1974. 



PUBLICATIONS 

Shawn Banasick, Ge Lin and Robert Hanham, (forthcoming),' Inter-temporal Spatial Clusters of 
Small Manufacturing Firms in Japan: An Application of the Deviance Residual Test of 
Moran's I Autocorrelation,' International Regional Science Review. 

Shawn Banasick and Robert Hanham, (forthcoming), 'The Regional Decline of Manufacturing 
Employment in Japan in an Era of Prolonged Stagnation,' Regional Studies. 

Shawn Banasick and Robert Hanham, 2006, 'Time Paths of Uneven Industrial Development in 
Japan,' The Industrial Geographer 3, 27-45. 

Joel Halverson, Lin Ma, Jim Hamer, Robert Hanham, and Valerie Braham, 2004, Adult Obesity in 
Appalachia: an Atlas of Geographic Disparities (West Virginia University). 

Robert Hanham and Scott Spiker, 2004, "Urban Sprawl Detection Using Satellite Imagery and 
Geographically Weighted Regression," in R. Jensen, J. Gatrell and D. McLean (eds) Geo-
Spatial Technologies in Urban Environments (Springer-Verlag). 

Robert Hanham and Alison Hanham, 2001, "The Uneven Development of Manufacturing in the 
Southeast, 1950-1990." Southeastern Geographer 41. 1-14. 

Alison Hanham, Robert Hanham and Shawn Banasick, 2000, "A Human Development Index for 
Pennsylvania Counties: an Applied Regional Geography," The Pennsylvania Geographer. 
38,91-105. 

Robert Hanham and Shawn Banasick, 2000, "Shift-Share Analysis and Changes in Japanese 
Manufacturing Employment," Growth and Change. 31, 108-123. 

Robert Hanham and Shawn Banasick, 1998, "Japanese Labor and the Production ofthe Space-
Economy in an Era of Globalization" in A. Herod (ed) Organizing the Landscape: Labor 
Unionism in Geographical Perspective (University of Minnesota Press). 

John Paul Jones and Robert Hanham, 1995, "Contingency, Realism, and the Expansion Method," 
Geographical Analysis. 27, 185-207. 

Robert Hanham, 1992, "Generating Varying Parameter Models Using Cubic Spline Functions," in 
J. P. Jones and E. Casetti (eds.) Applications of the Expansion Method (Routledge). 

Robert Hanham, 1992, "Collective Bargaining and Public Employee Unions in West Virginia," 
Public Affairs Reporter, Vol. 9, No. 4, 1-10. 

Robert Hanham and Scon Spiker, 1990, "A Fresh Look at Unemployment in West Virginia," Public 
Affairs Reporter. Vol. 7, No. 2, 1-7. 



Cliristopher Smith trnd Robert Hanham. 1985, "Regional Change and Problem Drinking in the 
United States, 1970-78."" Regional Studies. 19. 149-162. 

Christopher Smith and Robert Hanham, 1985, "What Drives People to Drink? Interpreting the 
Effect of Urban Living on the Use and Abuse of Alcohol." Urban Ecology. 9. 195-213. 

Frank Calzonetti and Robert Hanham, 1985, "Changing Energy Prices and State Revenue," in 
Frank Calzonetti and Barry Solomon (eds.) Geographical Dimensions of Energy (Reidel 
Publishing Co.). 

Robert Hanham and Frank Calzonetti, 1983, "Regional and Temporal Trends in Power Plant Unit 
Siting, 1912-1978," Professional Geographer. 35,416-426. Reprinted in Regional Energy 
Reprint Series X, No. 26, Regional Research Institute, West Virginia University. 

Todd Zdorkowski and Robert Hanham, 1983, "Two Views ofthe City as a Source of Space-Time 
Trends in Economic Development and the Decline of Human Fertility," Urban Geography. 
4, 54-62. 

Christopher Smith and Robert Hanham, 1982, Alcohol Abuse: Geographical Perspectives. 
Published by the Association of American Geographers, Washington, D.C, 84 pp. 

Christopher Smith and Robert Hanham, 1982, "Deinstitutionalization and Community Acceptance 
ofthe Mentally III in the USA," Ekistics. 49, 358-368. 

Christopher Smith and Robert Hanham, 1981, "Any Place But Here! Mental Health Facilities as 
Noxious Neighbors," Professional Geographer. 33, 326-334. Reprinted in Human 
Resources Reprint Series IV, No. 23, Regional Research Institute, West Virginia University. 

Christopher Smith and Robert Hanham, 1981, "Proximity and the Formation of Public Attitudes 
Towards Mental Illness," Environment and Planning A. 13, 147-165. 

Christopher Smith and Robert Hanham, 1981, "Deinstitutionalization of the Mentally 111: A Time 
Path Analysis ofthe United States, 1955-1975," Social Science and Medicine. I5D, 
361-378. Reprinted in Human Resources Reprint Series IV, No. 24, Regional Research 
Institute, West Virginia University. 

Robert Hanham and Hong-Yih Chang, 1981, "Wage Inflation in a Growth Region: The American 
Sun Belt." in R. Martin (ed.) Regional Wage Inflation and Unemployment (Pion). 

Robert Hanham and David Chisholm, 1980, "Farmer Anitudes and Adjustment to Socioeconomic 
Change in Agriculture: A Case Study of Australia," in W.P. Avery, R.E. Lonsdale, I. 
Volgyes (eds), Rural Change in Public Policy: Eastern Europe. Latin America, and 
Australia (Pergamon). 

Robert Hanham and Edward Malecki, 1979, "Rural Diffusion Research, Area, 11, 129-130. 
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Robert Hanham, 1979, "Spatial Diffusion and thc Use of Multidimensional Scaling in Scriation 
Problems," Area, 11, 179-184. 

Robert Hanham and Hong-Yih Chang. 1979, "Scalar Variation and Nodal Accessibility in thc 
Chinese Railroad Network," Professional Geographer. 31, 388-392. 

Robert Hanham and Hong-Yih Chang, 1979, "Urban Accessibility and the Railroad Network of 
China," Geographical Research, 5, 183-188. 

Roben Hanham, 1978, "Comments on the Wildness Continuum," Professional Geographer. 30, 
415. 

Lawrence Watson and Robert Hanham, 1977, "Flower Color and Environment: The Case of 
Butterflyweed in Oklahoma" Professional Geographer, 29, 374-377. 

William Turner, Robert Hanham and Anthony Portararo, 1977. "Population Pressure and 
Agricultural Intensity," Annals of the Association of American Geographers. 67, 384-396. 

Robert Hanham and Lawrence Brown, 1976, "Diffusion Waves Within the Context of Regional 
Economic Development" Journal of Regional Science, 16, 65-71. 

Robert Hanham, 1976, "Factorial Ecology in Space and Time; An Alternative Method," 
Environment and Planning A. 8, 823-828. 

Lawrence Watson and Robert Hanham, 1976, "Environment and the Morphological Characteristics 
of Butterflyweed in Oklahoma," Journal of Biogeography, 3, 383-388. 

Robert Hanham and Lawrence Brown, 1972, "Diffusion Through An Urban Hierarchy: The Testing 
of Related Hypotheses," Tiidschrift Voor Economische en Sociale Geografie. 63, 388-392. 



COURSES CURRENTLY TAUGHT 

Geoa 207: Climate and Environment. An undergraduate course on the geography of climate 
change. Topics include global warming, atmospheric pollution, acid rain, ozone depletion and local 
and regional climate change. 

Geoe 209: Economic Geography. An undergraduate course on the geography of economic systems 
and economic development. Topics include uneven development, Kondratieff cycles of 
development, global core-periphery relations, globalization, the geography of food in/sufficiency 
and the geography of resource conflicts. 

Geog 601: Geographic Traditions. A required graduate course on the different philosophies of 
knowledge production in the academic discipline of Geography. 

Geog 701: Advanced Research Methods. A required graduate course on advanced quantitative 
research methods and advanced geostatistical methods. 

Geog 711: Regional Development. A graduate course on the theory of uneven development, 
imperialism, the politics of scale and the production of place. 



GRADUATE STUDENTS 

Current PhD Students 

Jacquelyn Core, The state and uneven development. 

Janice Hardin, Thc politics of scale and uneven development. 
Chris Schaney, Environment and the production of urban place. 
Dcnyse Wyskup, Uneven development, place and Native American identity. 

Current MA Students 

Bobbie Alt, Geography of obesity in Appalachia. 
Patrick Ehland, Uneven development in Central Asia. 

Michael Mandeville, Local economic development in southern West Virginia. 

Former PhD Students 

Richard Hoch, 2005, An analysis of fragmented land-use policy and land-use change: the case 
study of metropolitan Pittsburgh (Assistant Professor, Indiana University, Pennsylvania). 
Joel Halverson, 2005, Suicide and socioeconomic context in the Appalachian region (Assistant 
Research Professor, Department of Community Medicine, West Virginia University). 

Scott Spiker, 2004, Using spatial statistics to model the spatial structure of data in remote 
sensing change detection: the case of urban sprawl (Assistant Professor, University of 
Wisconsin-Parkside). 

Eric Spears, 2004, Politics of space and scale in the Brazilian favela: a case study of Sao Pedro 
(Director of International Programs, Mercer University, Georgia). 

Shawn Banasick, 2001, Beyond the workplace: the uneven development of the Japanese space-
economy and the role of labor, 1965-1994 (Assistant Professor, Kent State University, Ohio). 

Jay Gatrell, 1999, Localized innovation: a geography of the petro-chemical industry in the 
Kanawha Valley of West Virginia (Associate Professor, Indiana Slate University, Indiana). 

Hong-Yih Chang. 1983 (OU). Spatial aspects of wage injlation in the urban system of the US. 

Dennis Hrebec, 1983 (OU), A distance-based analysis of urban segregation in the American SW. 

Harold Elliott, 1979 (OU), The structure and evolution of the geographic system. 

Don Greene, 1979 (OU), The American Agriculture Movement: its cause, spread and impact. 



Ramadan IChalfallah, 1979 (OU), Migration labor supply and regional development in Libya. 

Larry Watson. 1975 (OU). The geographic variation of Asclepias tuberosa interior in Oklahoma. 

Former MA Students (at WVU) 

Janice Hardin, 2003, Rescaling the Innu. 

Miho Soda, 2003, Using remote sensing to detect forest change associated with timber 
processing mills in West Virginia. 

Josh Kincaid, 2001, Spatial models of forest-environment relationships on the Appalachian 
Plateaus: the Allegheny Mountain section, western Maryland. 

Richard Hoch, 1999, Uneven development of nature: an historical geography ofOhiopyle State 
Park. 

Ben Morton, 1999, Productivity and economic growth in the Pittsburgh region from 1850 to 
1900. 

Harry Nichols, 1999, An applied market area study of the Harley-Davidson Motor Company in 
the New York City region. 

Scott Sizer, 1999, Locating and mapping cemeteries in Loudon County, Virginia. 

Li-Ting Hung, 1998, "They don V throw, they turn: they don V fre, they burn ": place and identity 
in Seagrove, NC. 

Stuart Lorkin, 1998, The de/re-terrilorialization of struggle in Appalachia: the legacy of 'coal 
and class' and the cultural politics of community. 

Valerie Braham, 1997, Cancer and toxic air emissions in the Kanawha Valley. 

Vernon Deal, 1996, The Cranberry Backcountry: scale, ecosystem dependence and the conflict 
between ihe production and consumption of nature. 

Shawn Banasick, 1995, Crisis and the uneven development of the Japanese space-economy. 

Joel Shelton. 1995, Scale and uneven development in the industrial Midwest. 

Carol Woody, 1995, Manufacturing jobs and restructuring in West Virginia, 1954-1985. 



William Gale, 1994, Conceptualizing space, scale and everyday life in a new regional 
geography. 

Raymond Kurtiak, 1994 (co-chair Dr Weiner), Urban restructuring and socio-economic 
polarization: an analysis of income levels in Pittsburgh, PA. 1950-1990. 

Scott Spiker, 1992, A geographical analysis of unemployment in the United States, 1965-1985. 

Todd Nesbitt, 1991, Crisis and restructuring in the US steel industry: a geographical analysis, 
1967-1987. 

Michael Lorenz, 1990, Geographical variations in community response to Baltimore's central 
light rail transit project. 

John Grande, 1988, Impact of the geographic concentration ofthe elderly on voting in West 
Virginia. 

Andrew Herod, 1988, Industrial reorganization and the local response to plant closures: a new 
politics of manufacturing decline. 

William Mallet, 1988, The social production of urban space: a case study of Pittsburgh's Hill 
District, 1945-1970. 

Tim Allison, 1987, The impact of changing energy prices on state tax revenues, 1965-1985. 

Jeffrey Jollie, 1985, Analysis of monitoring well siting procedures at solid waste disposal 
facilities in Maryland. 

Nicholas Buss, 1983, Energy trade balances and state economic development. 
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Population Estimates Estimates 
Base 

Census 
2000 

Ju l y l , i July 1, July 1, July 1, July 1, 
Geographic area . _ 2006_ . _ 2005 200_4 _ 2 0 0 3 . . . 2002. 

July 1, 
2001 

July 1, 
2000 

April 1, 
2000 

April 1, 

Pennsylvania, 12.440.621 • 12.405.348; _ 12.377.381; 12.351,381 12.321.644: 12.295,92?; 12,286.905: 12^81.0541 12.281,054; 

COUNTY _ 
Adams County A P . 1 . . 1 ^ . 99.746 ?8.237; 
Al iegheny^^ l"223,4i"l"f 1,233.036; 1.245,789; 
Armstrong County 7.0.096: .70,527j ,_7i,3p4i 
Beaver County ; " W . j M l . . . . K^MpLi . ..177.8961 
BedfordCounty 49.927!. ..49,862^ 49,9661.. 
B e r i t s C o u n t y 4 0 1 . 1 4 9 1 3 9 6 ^ 2 3 6 ; 391,172. 
Blair County ' 126.494J' „ 126.572'." 127.0951 
Bradford County j ' 62~,471T " 62.504:" . 62.445,; 
Bucks County" " " 623,205!"' '619.772;'. 616,5331' 
B u t i e r C o u n t y " ' 182,?oiJ IBLSieT ...180,4831" 

'' Cambria Couniy ' ~ M j & i Z ' l 3 * 7 $ 9 * J ' 148.512] 
Cameron County 5.489^ 5.593' 5.657^ 
Carbon County 62,567 ' 61.876 60.992' 
Centre County 140,953; 140.313, 139.934' 
Chester County 4M. l ' l2^ .473.723' 465,761 j 

. Clarion County .40.385!.... _46j«8! . ...40.4591. 
" Ciearfield County . 82,442i .82.634; 82.816 
ciinlon County 37.232'. 37.233" 37,273; 
Columbia County " .65,01.4;.. 64,792' . 64,844* 
Crawford County '[ 89,389 89,484 89.683: 

Cumberland 226.1171 223.017; 220,974; 
County . _ i •... _ [_ 
Dauphin County...;. Vw. 1762 .£2 ,94? ; 252.609;" 
Delaware County ] 555.996^554.393^ .553,528; 
Elk County" " "' ". . 33.1797",' , 33,473;' " 33.920.: 
Erie County 279.81 i j ' ' 280.184[ 280,833^ 
Fayette County 145.760' 146.206 146,612; 
Forest Couniy 6,506 6,507 5.773 
Franklin County 139.991 137.273 134.629 
Fulton County 14.783. 14.655: 14.564 _ 
Greene County .40,432 40,408 .39.979, 
Huntingdon 2 

County 
Indiana County 88.234L _ 88.481 . 88.849^. 
Jefferson County 45.725: 45.716 45.788;. 
Juniata County ' .23.512; 23.412. 23.303; 

Lackawanna 209.728 209.622 209.732 • 
County _ . 
Lancaster County .4?4.486: 489,936 486,002 

Lawrence County L V 9 . ? ; _ ??'4.12.. 9?•95?.. 
Lebanon County ' " 126,883. 125.429 124.064; 
Lehgh County 335.544 330.168 325.244 ' 
Luzerne County 313.020' 312.795 312.765 
Lycoming County 117.668 118.102 118.375 
McKean County 44.065 44.239 44.64*3 
Mercer County 118.551.'"... 119.115. . 119.547L 

Mifflin County 46.057.. . 46.085 46.118, 
Monroe County ' i65.68V _ ..162.415... 158^474 

Montoomery 

96.236 
i;257,062-" 

71,"571 r 
' 178,6661 
"' "49.9.24" 

385,982!" 
'127,323'I 
'62.530 

"612,369" 
'179,556 ['* 

"'149.303 
"5.777""' 

60,243 
139.754* 
457,477 
4li282i 
82,994 ' 
37!416"" " 

.. 64737' 
89.889" 

94,512j 
1.265.4131 
. ' .71784: ' 

'179.079] 
'49.862V 

"381]619^ 
127,600 
'62.701 j 
609.0851 
178,110 j 
150,'3031 
5.844*:' 

59,72'f| 
138,666' 
449,977! 
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83,3 isj" 
37,526;' 
64.476;" 
90,071;' 

219.336̂  217.490 

.252.893; 
553,632: 
'34,181 
282.892 [ 
146,076' 
4,935' 

132.754 
14,518. 

. 40.183.' 

45,862 

89,244 ' 
45.896 
'23,104'" 

252,572 
".553,2561 
' . 34,514 j 
282.475! 
146.6651 
4,976' 

131.502 
14.333:" 
40,462; 

45.801: 

89,047;' 

45^ 6; 
22,894: 

92.907 
'l','272,567; 

72,011; 

'179.909; 
" "̂ 49,886 ! 
377.7471 

128.501] 
62.690] 

" 604,199; 
176.102' 

jsTizsii' 
' '5.905' 

59,236 
136^2651 
442.418: 
.41,592; 
83,217,! 

' '37.768'' 
64,317;, 
.90,224: 

215,187! 

'j2_51.625';' 
553,675;' 
34,826: 

281.749;' 
147.277" 

5,034" 
130.296 
14,221.. 
40,453] 

91,620' 
1.279.868; 

72,321' 
'lei.ieo':' 
156,045:" 
374,614"" 

'62,796 i' 
' 599,525':" 

i74,59'8i' 
"152,251 i' 

5.943" 
58,84'6: 

135.845" 
435,869]. 
41,744!* 
"83.392]' 
37.926; 

. 64.111' 
90,394: 

213.988, 

'~2Sj',839l' 
552.250 T 

_. 35,046j] 
"280,729!'] 
148.527;" 

.4] ?4p; 
129.556". 
14,266,"" 
40.688" 

91,292: 
'uB'i.eeej' 
" ] " 72.392f 
. 181,412 i 
7 4?;984i 

373,661' 
129,i44i" 

162,761 •" 
597,632 [ 
174.681 

""152,598!] 
""5!97'4;_ 

" 58,8621 

i^sel" 
433.501 r 

.41,765;'' 
' 83,382!" 
37,9l6'; 
64,T4a:_ 

] ]90.366r_ 
213,674; 

''2^1.7981 
]'551,974r* 
'"".35,Tl'2':r " 
"28^843]] 
148,644] 

4,946] 
' 129.313]'" 

14,261; 
40.672'" * 

^91.292 
"i .281.666 j 
] . J2.392! 

.181.412' 
l']49.984] 

'373]638' 
' "'129.144; 

62]76l'; 
],]5?7.63]5] 
" 174.083; 

152,5981 
.]]]"5.974; 

* 58.8021 

,135,7581 
".433.5pi' 
]. 141,765 ] 
' 83.3821 

37.914]' 
64,151i] 

..]..9p]]366; 

213.674, 

" "25l'>9"8j 
556',864j 
35,112 

280.843.• 
148,644, 

4,946 
129,313; 
14]2il 
46]672t 

210,104 210.954! 

482.159 
93.393 
122.867 
321.105 
313,621 
118,481 
45.017 
11_9.75_3 
46.285 
154,217" 

478,285: 
"'93.762' 
121.577 •' 
317,170. 
314.489 
118.741. 
45.455" 
119.729;' 
46.487 ] 
149,072'' 

45.607 45.600 45.586 45,586, 

89,280 " 89,537: 89,6Q5: "" 89,605" 
45.838'i" 45.948; 45.932' 45.932 

]22.790 ] ] 22.857]] . 22,821] '22.821] 

212.183, 212.935' 213.295; 213.2951 

474,562]" ""47T756]"" ]j*7Q.§3^ " "iTO^SB; 
93.991V" "'94.628!"" ~94]645"" _94]64'3] 

126.983:" 120,440: "126,327" 120.3271 

314.963' 312.691] ^ 312.690 ]]' 31.2,696 
315.899' 318,629]" ~'i\9,2S2*~ 3'i 9,256' 
119.222 119.959' 126.648" 120.044 
45,286;' 45.803 " .45";936' " ' 4*5.9'36! 

126.001""" ' 120.197" 120.2931" 120,293; 
4.6.499] 46,5pi]"" 461486 " 46,4"86-

H^OOO 139.8441 ' 138,687'~' 138,687! 
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ft ; Populat ion Estimates Estimates 
Base 

Census 
2000 

July 1 . 
2006 

July 1. 
2005 

July 1, 
2004 

July 1, 
2003 

July 1, 
2002 

July 1, 
2001 

July 1, 
2000 

Apri l 1, 
2000 Geographic area 

! Couniy 
Montour County 

: Northampton 
County 

; Northumberland 
Couniy 

Perry County 
Philadelphia 
County 
P'.^.Cqunty 
Potter Couniy 
Schuylkill County 
Snyder County 
Somerset County 
SuJjjyan_County 
Susquehanna 
County 
Tioga County 

. Union County 
Venango County 
Warren County 
Washington 
County _ 
Wayne County 
Westmoreland 
County 

Vtyoming County 
York County 

Source: US Census Bureau, Population Estimates Program 
More Tables and Information: Population Estimates Program 
Note: The April 1, 2000 estimates base reflects changes to the Census 2000 population resulting from legal boundary updates 
as of January 1 of the estimates year, other geographic program changes, and Count Question Resolution actions. All 
geographic boundaries for the July 1, 2006 population estimates series are defined as of January 1, 2006. An "(x)" in the 
Census 2000 field indicates a locality that was formed or incorporated after Census 2000 or was erroneously omitted from 
Census 2000. See Geographic Change Notes for additional information on these localities. 

Apri l 1, 
2000 

775,688 
17.934 

774.666 
17,983 

772.628 
17.994: 

770.037 
18.111 

764.242 
18.180 

758.419 
18.308. 

751.010 
18.255 

748.987 
18,239] 

750.097 
'18.236 

291,306 287.334: 283.312; 278.141 273.776 269.731 267.510; 267.069- 267.066' 

91.654, 92.280' 92.666; 93,123 93.425 93,751. 94,4811 94.556: 94.556 

45;087] 44,7241 44.526;" 44.248] 43.911 43797, 43.620\ 43^627 43,6021 

1.448.394[ 1,456.350} 1.465.475: 
l 

1.473,364; 1.465,249 1,497.897'. 1,513.655=; 1.517.550! 1.517.550; 

17.5681" 
/147.4057 

38.2261" 
78.508" 

56.180 (. 
""" '17.728;. 

14"6.996| 
' 37.949 . 

78.796 j 

53.9391' 
17.929; 

"" 147J59;' 
38.079: 
79!238 r 

~52]l28:" 
18,091] 

" 147]'716'.' 
37,933' 
"79.608" 

'50.640 
"18,155 

' 148.725 
37.907 
79i592 

" is js i ; 
7..'. IS-?.9 .̂ 

i49!2B7:" 
37.786] 

" " 79.477' 

46.653j 
] J 8,1461], 
1 soil 49 r 

'7737.553-' 
7780,6437 

46 ,3^7 
77 J 8.0807 
]''75p'.334'r 
' " 37r546*f" 
] " .807623] 

'46,302] 

]7]i8]q86; 
'"""150.336! 
.-..J7,546! 

80.623: 

6,277^ . 6,36lj.. 6,435!_ ... . 6,452 6;529 ]]] .T538]] ]7.. 6.563 7 ]7]A556]7 7 ' 771556* 
41.889- 41,943 41.943. 41.887 41.945 42.256 42,256' 42.238 42.238: 

41,137' 
431387 :' 
55.4881" 
41.742j"_ 

41,3821. 
43,171.'.. 

7 55.938]. 
417973:". 

41.638:' 
42.8847 

" 56.116'' 
"42,444]' 

41.597! 
42.319 " 
'56,'542'r 

42,778; 

41,586" 
42.196 

' 56,861 
" 43,176i 

.. -.. , 

41,524 
] " 42.098" 

S ' ^ I M ; ' 
43.7317 

473617' 
'"" '41,"6667" 

!57;477r 
] 43797 7 

41 ,'373'' 
' "41.624;" 

57.5651 
'43.8631 

41.373]: 
"~4i!624l 

57.5651 
]!]43]863j 

206.432! 206,418; 205,003! 204.599 203.694 j 

. ] ]4M'46, 

203,523: 203,0491 202.897 j 202,8971 

7750.5297. ] 49,577.7. *.' 49.0837 

203.694 j 

. ] ]4M'46, ] " 48JP4T ] ]. ]47.9277 ]7 777.227" ]]747722l 
366.440; 367.133' 367.530: 368,166' 368.1661 369.096! 369,838' 369,993; 369,993! 

"28.093" 
416.322 

' 28,1227 
408,182 

28.154: 
400.746] 

' 28,099 
394.820' 

" "27,983; 
389,505! 

28,'l62 
385.664 

28,03 r 
382,777 

2B".'0Bb:' 
381,751 • 

28.080] 
381.751• 
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Virginia -- County 
GCT-T1. Population Estimates 
Data Set: 2006 Population Estimates 

Note: For information on errors stemming from model error, sampling error, and nonsampling error, see: 
http:/Avww.census.gov/popest/topics/methodology. 

Population Estimates Estimates • Census 
Base i 2000 

July 1, 1 July 1, July 1. July 1, July 1, . July 1. Ju l y l . : April 1, j Apm 1 , ; 
Geographic area LO?.6.... . .2004 ; 2003 i 2002 2001 2000 , 2000 j 2000 . 

| 
Virginia . 7.642.884 7,564,327 7.472.44S] 7.375"!863' 7.2"85,707: 7.192! 701" V j 64.587; ''7,67"9.6"36i 77]67"875l]5j 

s COUNTY . ". 

—• ' 
— " " ' " ; • 

• • -: — • -
1 1 

-1 

v. Accomack County , 39.345" " 'ii.ioj 39,182" 39,633; 38!868* "!.38,6]3]i.! "" 38*.395: ] '38]365i " sa.sosj 
Albemarle County 92.035" '96,496- 88,929] 87.669 86.488' 86.774] 84.631: M.'i'gf'i 79.236! 

'• Alleghany County ie.eod' " 16,681 16,716 i 16739! 16.952"i 17.043" ""17.172;' ' l"7.215"i' 12,926j 
Amelia County . 12,502; 12.268 11.927" " " i voe i " "11.594", "11,479] il.4p6J 7.JT.4O3 
Amherst County 7 .' 32,239 = ..32,0'04: .] 31,869; 31.864 31.788] .]..'32.015] 31.899] ]37,894]i 7737894"] 
Appomattox 
County 14.128i 13.871 13.906' 13,728' 13,740; 13,843.! 13,707 13,705j 13,705j 

. Arljngton County 199.7761 '199.761' ] ' i'97]955! " ' 197;223" 195.782- "i93".]38'97 18"9,'3l6" "' i.89!444 ;" "!i89,'4]53j 
' Augusta County . ?.Q.9.ioL '69.656: 68.675! 67,628' '66.822;' .66,242] 65,797; "65.615] "'65]6~15'j 
Bath County "4.8141" 4,901! 4,963, 5.026:" '5.047] '5,641' "5.042' """" 5,048; 5,648] 
Bedford County "66.507". '64,999: 63,723! 62.630' 61,767: 61,122; 60,574 • 60.302! 60.371; 
Bland County 6.903" "8.94l! 6.987. 6.976 6.900;' 6.942: '6,86f :' " 6,871:" 6,871 
Botetourt County 32,228.' 31.909' 31.736] 31.498: si.issj " 30.699 i. 36,665] 36,536]' 30,4961 
Brunswick County I.7.938'.. 17,857 17,993;. 18,050! 18,323"] 18,339 18,426:' 18.4191 . 18,419 j 
Buchanan County 24.409; ... 24.69.6; .25,108." 25.544] 26.024]. . 26.3_8l ] 26.8237 . 26,978; ] . 26,978; 
Buckingham 
County 
Campbell County 

16,099! 
i 

16.036; 15,891 j 15,861! 15.811, 15,840', 15,6311 15,623! 
1 

15,6231 Buckingham 
County 
Campbell County 52,667: 52,187 ' .51.515; "" '51.3"84r 51,400 "" '51.18-2T 'spies' " 51,1057 S^OTBj 
Caroline County 26,731" 2'5,437 23.937" 23,133! 22.588] 22,227 22.138" ' 22,121: " "22,'j2y 
Carroll County 29,450. 29,3221 29,432; 29.252 29,270' 29.383. 29,296] ] "29.245 ! .29,245] 
Charles City 
County . . . 7,22l' 7,095; 7,087! 7,115; 7,052 6,955 6,931 6,9261 6,926, 

Chartotte County "12.491.' " 12.426 [ y2"345] ]~ 12.364] ' ] .12.479';!] . |2]3"98;] 12,4577 ]"" 12!47i;! ]] "12,472? 
Chesterfield 
County 

296.718; 288.423; 281,949 276.050: 270.534! 265.331 260,892 259,7821 259.903! 

Clarke County 14.565' 14,154' 13,814] ] 13,409] "13.213!" 13,650' 12,709 . .12.652|. 12.652; 
Craig County 5.179' 5.132 5,166" s.'iizs'i 5.076 5.076 5,099] 5!69i7 " " 5 . 0 9 1 : 
Culpeper County 44.622 42.454" 40.121' 38,542 36,888 35.468 34.498 ' ...34.265;! 34.262; 
Cumberland 
County 

9.465 9,359' 9,140 9,133 9,025: 8.962 9,007. 9,017; 9,017; 

• Dickenson County 16.182** 16.260.' '!l6',19'6; . 16.186' 16.217: 1.6.260! 16.3527 " "16,395;' ' l 6,395 j 
Dinwiddie County 25.695.. 25,355,. 25,068!' 24.826 24,619] 24,428 24,613: 24.533"[' 24,533; 
Essex County. 10.633.;. "10,490: ip!3'08." ipi'es]' 10.103: 10.022]. 9.993 ' _ 9.989!' .9.989! 
Fairfax County 1.010,443 v ,010.015. 1,003.496 998,083: 993,966,' .987.146] 975.332" 969.6771' 969,749! 
Fauquier County 66.170:' 64,834 63,021] 61,069' 59.456: 57.424 ' 55,5*86! 55.145'" '55,139: 
Floyd County 14.789; 14.652; 14 449 14,348' 14.251! 14.136 13,951; ' 13.874.]' " 13.874 j 
Fluvanna County ' 25.058' 24.714 23.828 23.188 22.261' 2.1,218]. 20.237]' 20,047: .20,047! 
Franklin County " 50,784; 50,172." 49]6"67! 48.989 48.487" 47,982"' 47!463' '" 47.283]"" 4'7,"286; 
Frederick County 71.187.' 68.984 26.644" 64.750; 62!'9]i9 61.216] sg'.sgg:""" 59.209 "" 59,209: 
Giles County 17.403'. i7.l"54 16,927 16.9 i'i! 16.910 16.854' 1.6.706. 16.657; 16.657 
Gloucester County 38,293! 37.750 37,122" 36.59f 35,886: 35.316, 34.8"85.:] ' '34,780;' '. .34,780: 

Goochland County 20,685; 19,275" i.iess ' 18.'i'24 17,680 ' 17.289 ' 16,936"' 16.863] 16,863.' 
Grayson County 16.159 16.286'. 16,414 16.52? 16,682' " 16.680 IMS?] ' " 16,881 \~_ j'7.?17: 
Greene County 17.709 17,354 _ 16.987 _ 16.713]] l'6.2?1 "' 15.75]5' ] 15,367 . 115.244] 15,244] 
Greensvilte 
County 11,006' 11.036 10,969 11.467 11.560. 11.523 11.557 11.560, 11.560 

Halifax County 36.149 . "36,121. ] 36.259] 36.552 36.326 ' 37.009 37.325 37,350' . 37,355: 
Hanover County 98.9837 97.369' 96,013]" 93,916 91,834" 89.006 87.028 86.320 '86,320* 
Henrico County 284,399'! . 280.599 275,629' 270,973 267,725 265.655 263.133 262.104, 262,300j 



Population Estimates Est imates: Census 
Base i 2000 

p 
I ; Geographic area 
| i Henry County 
i J Highland County 
!•' (sle of Wight 
I ' . County 
| , James City 
I ^ County 
I t King and Queen 
I : County 
P King George 
I"; County 
t 't King William 
f ; County 

! / Lancaster County 
I I Lee County 
j ; : Loudoun County 
• i, Louisa Counfy 

• Lunenburg County 
•i Madison County 
yf Mathews County 
,V Mecklenburg 
| i County 

;p Middlesex County 
#• Montgomery 

County 
•ti Nelson County 

New Kent County 
; Northampton 
it County 

Northumberland 
County 

'" Nottoway County 
Orange County 
Page County 
Patrick County 

•-, Pittsylvania 
S?. CountY... „ 

Powhatan County ; 
j - Prince Edward 

County 

; Prince George 
^ County 

Prince William 
5|i County 

Puiaski County 

\ i Rappahannock 
i\ County 

" Richmond County 
' Roanoke County 

Rockbridge 
Couniy 
Rockingham 
County 

Russell County 
Scott County 
Shenandoah 
County 
Smyth County 
Southampton 
County 
Spotsylvania 
County 
Stafford. County 
Surry County 
Sussex County 
Tazewell County 
Warren County 
Washington 
County 
Westmoreland 
County 

July 1, 
2006 
56,208. 
2.510. 

July 1, 
2005 
56.367 
2.481 

July 1, 
2004 ' 
56.789 
. 2.45? 

July 1, 
2003 
57.017 

2.511. 

July 1, ' 
2002 
57.369 
2.465; 

July 1, 
2001 
57,639 
2.548 

July 1. 
2000 
57.974 
2.534 

April 1, 
2000 
57.984 
2,536 

April 1, : 
2000 " 
57.930] 
2.5*36: 

34,723- 33.398 32,549' 31.839. 30.897 30.346 = 29.889 29.728 29.728 •' 

59.741 57.394 55.380: 53.235" 51.356, 49.621! 48.496 48.102 48.102; 

6.903: 6.795 6.748 6.564 6,568: 6.601 : 6,621 6.630 6.6301 

21.780 20.659' 19.321. 18,506' 17.791: 17,157- 16,914 16,803 16,803; 

15.381" 14.712 14.313 14.097; 13.782. 13,496: 13.208 13,146 13,146j 
1 

11.519' 
23.787: 

268.817" 
31.226 7 

"isiis" 
13,613' 
9.184!' 

11.490. 
23.696]]] 

256.417]! 
30,034' 
13.130-
13.358" 

'_] 9.131!.] 

" 11.514. 
23.7"l9: 

239.613. 
'28.758 " 
13.05*3. 
13,108: 

...9,1.44] 

" V l . 529! 
23.696] 

221.176' 
27.966" 
13.117* 
13,039: 

].̂ ?15;] 

"Vi'.'iss" 
23.585]] 

263,948] 
27.088;" 
13! 165' 
12.973; 

]. ?,25?]]' 

'ii".48"o'] 
23,357]_ 

196.169; 
26.314: 

13.067 
12.704 

]]]]9.i303:. 

* j 1.589] 
23,546"]' 

173,994' 
25.757 
13,093 
12,560: 

] 9.205;] 

11,567]"! i l ]567; 
]23]^9r]]]2.3.589j 

""l69!599'! " 169.599": 
25.627! 25.627-
13.146f" 13."l46i 
12.519; 12.520; 
9,267! 9.207! 

32,381' 32,366 32,369^ 32,422 32.431] 32.379 32,367 32,380 32.380! 

10!6157 ] 10,493'] '10.435;. 10,278] 10,086 •_ 10,669]] . 9.968T] ?'?32 | ]]]..9]9'32; 

84.541 84.263. 83.905' 83,979 83,819: 84,022, 83,627 • 83,681 83,629; 

15.161^ 15.094. 14.91B: 14.887* 14'.'695" 14.57V ' 'U~47B:" " 14.445; •j4,445] 
16,852" .16,126] 15,492! 14.889 14.266. 13,885 13! 535.]" ] 13.462; '." 13.462; 

13.609' 13,458 13.300 13,148' 13.043: 13.046 13.066 13.093' 13.093; 

12.820 12.829 12.781: 12.681' 12,578 12.334 12,283' 12,268! 12,259: 

15.572^ 
31.740 
24,104 
19,212'" 

15.561' 
30,249 
23,836 

! 19,21.6.] 

ISSOT" 
28,841 
.23.628 

. . 19.176 

"15.597-
28.022 
23.612 

] l 9,213 ] 

15,657 
27.274. 
23.349' 
19,304 " 

15.779 
26,547 
23,242 
19.4l' l ]] 

"15,742] " 
26.020' 
23,207^ 
l]9.4]23^] 

15.725, 
25.881 i 

"23,175 [ 
]l9],467: 

61,745 

.. 15,725-
. ,.25,881. 

.23 ! 1771 
] ] ] ] i 9.407; 

61.501j 61,583, 61,645 61,652 j 61,698 61,929; 61.785; 

15.725, 
25.881 i 

"23,175 [ 
]l9],467: 

61,745 6l,745j 

27.649] ]'2'6,627] ] "?5'17]8?]]' ] 25 6i.9] '] 24]24l]]]' ']23']l56' r] "22,616!" 22.377| ""22]377! 

20.530 20,441 20.175 19.770 20.004 19.635' 19.698 19,720; 19,720^ 

36,184 36.497 36.350 36.088 35,120 33,851 33,188 33.1081 33.047; 

357,503 349,155 336.232 322,195. 310.766 297.637' 283.824; 280.813; 280,813-; 

35]055]' 35,666 35.082"] ' '34!'991 " ...34,954;' ] 35.181 ] 35!l4l]"] . ]'35!l'27:' .35,127; 

7,203; 7.275 7,154 7.090 7,143. 7,158: 6.969; 6.983! 6.983 i 

"9]l4"2(" "] 9,649; "9.673]' ' 9,0501 8.968; "8,917"' 8,794; 8,800' . 8,869; 
90!482 ' ]"~8'8."875 87,708 86.989 86,431. 85,954" 85,736;" 85.692!';] " 8 5] 778] 

21.337 21.271; 21,067' 20,954' 20.837 20.812 20,849 20.808! 20.808! 

72.564 71,639 70.180 69,492 69.034- 68,474 67,827 67,716' 67.725 

28.790 28.330 28,795 28.940' 28.944! 29,671 29,290 29.258] 30,308 
22.882 22.899 22.968 ! 22,996 23.081 23.209 23,379 23,403] 23,403 

40,051 39.045 38.045 37.138 36.409 35.728 35.239 35,075. 35.075 

32,5*66 ' ' 32,440*" 32,469" 32,696" 32.800" 32.898 33.087] 33,081 : 33,68.l] 

17,814 17,507 17,331 17.281 17,336. 17,482 17,483 17.482' 17.482; 

119,529 116.312 111.622 107.455- 102.474 96.708 91,577 90.393, 90,395: 

120J70 117.968" * 114]357' ' log'.' isy" '104,181 ' 98.363 93,576"" 92.'446-! ' 927446"] 
7.119' " 6.987 " 6,961! ' 6,968! 6.949 6,852] ' ]6,B44' 6.829 [ ' ] ]6,829i 

12.249 12.016. 12.121 12.238!" 12.105 12.304" 12.487. 12.504 j] i2!564 : 

44,608 44,532' 44,577. 44,420 44.265 44,144 44,456 44.598; 44.598-
36,102 35.407 34.429] 33.803" 33,038 32.225' 31,725 31.578] 31.584; 

51,984 51.918 51.711 51,384 51.289 51,222 51,161 51,103- 51.103 

17.188- 17,139 16.944 16,955 16,715 16.630 16.685 16,718 16.718 



21.273: 20.672- 20,732. 20.032! 20.003 19,738 19.311 19.279' 19.279i 

Population Estimates Estimates! Census-
; Base ! 2000. 

Julyl. = Julyl, Julyl, Julyl, . Julyl, : Julyl, ' Julyl, April 1, • April 1, '• 
Geographic area 2006 * 2005 2004 2003 2002 : 2001 2000 ; 2000 2000 : 

WiseCounty 41.905; 41.958 41.818' 41.845; 41.799: 41.913 ''Z.IW: 42,205; 40.123; 
Wyltie County 28.640: 28,363 28.047* 27.942" 27.817! 27.670* 27.634^ 27.599^ 27.599 
York County 61.879 61.684 60.731 60.002 59.241 57.860 56.589. 56.297: 56.297. 
Alexandria city 136.974: ' 137.602* 136.635; .135.547 134.709, 133.121, 12.9.173; 128.292•' 128,283; 
Bedford city 6.249f ' 6.270";' 6.279! 6.303 - 6.346 6.393 1 6.384' 6.381 [ 6.299; 
"Bristol city' 17.496' 17.391, 17,35?! .17.332 17.088] 17.365; 17,298; 17.367: 17.3671 
Buena Vista city 6.457! ..6,412: .6.476] 6.347.]. ^ i o i ! ] 6,336; 6.361. 6.349"! 6.349J 
Chaflottesville city 40.315' 40.358"' 40,745! 40.678] 40.992] 40.640] .40.020;. 40.6881'. 45.049; 
Chesapeake crty 220.560] ..218,2"i9; . 214.390 ] 209,460 205.2287 .202.949],. 206.362] 199.1B4; 

Colonial Heights 17,676; 17.502' 17,449' 17.181. 17,133: 16.981 • 16.912! 16.897: 16.897! 
city ' ; „ . . __; ; _ 
Covington city " 7670731 " 6.1457 6.269. . 6,289: 6,332: 6,398]; 6.304; 6 , 3 0 3 J J o s l 
Danville city' " " 4E,586:" 45,869' 46.2.97] . 46,967] ' 47,234" ] ' 47,6467 . . ^ V o ] . , _ 48.411ll _ ~48,4ljij 
Emporia city "5.625.! 5.546" " . 5.560]" 5.625] 5.766;' ']5.633] . 5,665]]"]''5,6657.]. ]5.665i 
Fairfax city 22,4_22j 21.822]" 21,937] 22,034] 21,822;] . '21.902.] 2i;M9]_. . 21,5707. 2l],498j 
Fails Church city 10.799] 16.764] .10.548 10.553_ 10.635' ' 10.521 . .10,408 ]l0,!377!_„ 10,377̂  
Franklin city 8..8p6! 8.572] 8 420 8,2?o] 8,163! 8.253 " 8.284] ] 8]346]"7"78,346] 
Fredericksburg 
city 
Gataxcity ] ...6,682; 6,657 6'?.5J 6.-652. 6.654 6,854 6.837: 6,837; 
Hampton city "] '145.017! '145,154] 144,657; ,145,079] 144.642; 145,036; 146,362] 146,437! " 146,437; 
Harrisonburg city 46.885; 40.41?']! 40.6627 .40.747 ]..40,992"" 40.621 40,340 ; 40.453: " 46,468) 

, HopeweMcity . . '_ ~22,73l]-"]-" 22,513? "22.304;"]. 22.309]'' ]22]4p2i' "22,2^ " '22,295-"' ' 223.77 \ " 22.3M: 
Lexington city ] 77" 6.73?;]]]]" 6.762]' ".8,7867! .6,757] . 6,8951."" 6,926] . 6.827"i"6.867'."6,867; 
Lynchburg city . . .67.726] 76.6-684[. 66-Q9?] 6*5,802] 64.845; ]64.664*7. 66.196;] 65,22?j 65,26?j 
Manassas city].. .. ] . "36.638;. 737,4??] . 37,554]; 37.146-. 36,64?; 35 ?35 35.4p87!] 35,1357 ..]]35,|3.1' 
Manassas Park 
city .. _ _ 
Martinsviile city 14.945, ,14.900 14,862_ 15.008 15.087 15.293 15.327 15.365! 15,416: 
Newport News city 178.281 _ 178,869 181,252" 180.788- 179.430 179.432 180.539186!697i ISO.ISOi 

- Norfoik'city" 229,112.] 230,775.] 236.587 236,999 237,952' 233.236. 234.035 234.403"; "234.403] 
Norton city .3.643]" 3.646. 3.778, 3,89?] 3.929] ' 3.900' " 3,887 "3.908['" 3,964"'; 
Petersburg city 32.445„. 32.282 32,607 32.942 33,060 f 33,290 33.590r* 33.756T '33.740: 
Poquoson city .11.?18.. 11.790̂  11.663.] I.i-??? 11,606 . 11.491],. .11.584" " " itseef1*1,5661 
Portsmouth city IOI.377I .9?,772; .99,656; ?8,OT3'; 99.178: 99.5387. l6o!462; 100,565i 100.565 
Radford].city ] I ^ ] ^ ] ] ] 14,504[ ].14!M6'; 14.8257 J.^i??]]"' 15,753!" ' ] 15.818}" 15.859'i7_"11.859 
Richmond city ] 1?2.?f3| J93",186: 193.255! ^ M ^ L . 3 ? ^ ? M ' A ^ ^ r 197,755-198,107[" 197,790 
Roanoke city ' . 91,552' 91,842 92.178; ?2.553 ' ?3.1p4] 94.476'! ' ' 94744194!9"Tli" 94.9111 
Salem city 24,825 24,560• 24,448 24,6227 .24,776; 24,595 24J82: 24,747] 24.747,' 
Staunton city , _ 23,334 ] j i . i o s j 23,66i! _ 23,iq4:_ 23,773! _ 23,602] 23.845i23,853! ]]23,853j 
SuffolKcity . . . . . .81,071... 78.7^7] 76,334) 73765].,. .^.6??77 63.677j 
Virginia.Beach city 435,619; . 437,021; ._ 438.59l] 435.293;7430,503]] ]4]27,6727' 426.38^ 
Waynesboro city ; 21,454: ..21,140. 20.770 - 26,424 ; 20.132: 19 .78219 .60?1? ,52q7 i?]52p; 

.Williamsburg city . l i i ?3 ; .11.696. . .11.476; . 1.1,40?;. . ..11.544.;. 11.853.7" 7l'l.?66] ]..] .ii.MSf ..7]l'l.??8' 
Wrichester city 25.265.7 25.0861 24,858.] 24.328: 24,363:. 24.092;" 23.673 23,585! 23.585] 
Source-' US Census Bureau. Population Estimates Program 
More Tables and Information: Population Estimates Program 
Note: The April 1. 2000 estimates base reflects changes to the Census 2000 population resulting from legal boundary updates 
as of January 1 of the estimates year, other geographic program changes, and Count Question Resolution actions. All 
geographic boundaries for the July 1. 2006 population estimates series are defined as of January 1, 2006. An "(x)" in the 
Census 2000 field indicates a locality that was formed or incorporated after Census 2000 or was erroneously omitted from 
Census 2000. See Geographic Change Notes for additional information on these localities, 

11.642 11.732 11.510; 10.974; 10,934'. 10.774 10.336; 10.290! 10,2901 



ECC Exhibit RQH-4 

BEFORE THE 
PENNSYLVANIA PUBLIC UTILITY COMMISSION 

In re: Application of Docket Nos. A-l 10172, 
Trans-Allegheny Interstate Line Company A-110172F0002-F0004 and 

G-00071229 

TESTIMONY & COMMENTS OF 
THE PENNSYLVANIA CHAPTER OF THE SIERRA CLUB 

PART ONE 

On behalf of more than 27,000 Pennsylvania members and their families, the 

Pennsylvania Chapter of the Sierra Club submits these comments in opposition to the 

Application of the Trans-Allegheny Interstate Line Company ('TrAILCo") requesting a 

certificate of public conveyance granting TrAILCo authority as a public utility, and 

regulatory authority, to site and construct one 500 kV transmission line, two substations, 

three 138 kV transmission lines, and related facilities (collectively the "proposed power 

lines"). It is expected that the PA Chapter will have additional testimony and comments 

to submit before the record closes in this matter. 

The Pennsylvania Chapter of the Siena Club's testimony and comments in 

opposition to the proposed power lines herein below are summarized as follows: (1) the 

proposed power lines will create an unnecessary and unreasonable risk of danger to the 

health and safety of the public; (2) the application is not in compliance with applicable 

statutes and regulations providing for the protection of the natural resources of this 

Commonwealth; (3) the proposed power lines will cause excessive adverse 

environmental impacts, (4) TrAILCo has not adequately considered the electric power 



needs of the public, the state of available technology, and available alternatives; and (5). 

The proposed power lines are not necessary either. 

Consider also, for example, the fact that TrAILCo has not adequately considered 

and presented alternative solutions for the alleged reliability issues, and projected growth 

in electricity demand. TrAILCo has not adequately identified, considered, or evaluated, 

wetlands and historical sites and the impacts that the proposed power lines may and will 

have on those wetlands and historical sites. Furthermore, TrAILCo does not even 

mention significant potential adverse health effects and cumulative impacts from the 

increased air pollution that will occur if these proposed power lines are built - including 

glohr;: warming and global climate change, mercury emissions, and dangerous particulate 

In addition, TrAILCo has not fulfilled its obligations under the Endangered 

C-Tccies Act and other federal laws and has not considered the statutory and executive 

• /.rns underway in Pennsylvania to promote energy independence, conservation, 

electric energy demand-management, and alternative energy initiatives and undertakings. 

I. The Proposed Power Line Creates An Unreasonable Risk Of Danger To 
Health And Safety, And Will Cause Excessive Adverse Environmental 
Impacts. 

The proposed power lines will have significant - and devastating - adverse 

environmental impacts. In turn, these detrimental environmental impacts threaten the 

health and safety of Pennsylvania's residents and wildlife. 

A. Air Pollution. 

The construction ofthe proposed power lines will create increased air emissions 

and decrease the regional air quality. The proposed power lines will draw power from 



generation plants on the Ohio River. Western Pennsylvania's residents suffer greatly 

from the sulfur, nitrogen, acid rain, particulate matter, and mercury deposition from these 

generation plants. 

Many of the generating plants that will feed electricity to the proposed power 

lines are older power plants. In fact, some of the dirtiest and oldest power plants in the 

country can increase their production as a result of the proposed power lines. It is 

important to note that the compliance history of Allegheny Energy Supply's four largest 

generating facilities is terrible. These facilities include Hatfield's Ferry in Masontown, 

Pa (1972 megawatts), Harrison in Haywood, WV (1710 megawatts), Pleasants in Willow 

Island, WV (1300 megawatts) and Fort Martin in Maidsville, WV (1107 megawatts). 

The USEPA Enforcement and Compliance History Online system indicates that all four 

of these facilities are currently assigned "high priority violator" status for failure to 

comply with the Clean Air Act. http.7/www,epa-echo.gov. 

"High Priority Violator" is the most serious level of Clean Air Act violation noted 

in EPA databases. 

In addition, TrAILCo admits (in its West Virginia filing) that four new additional 

coal fired generating plants can be built if the proposed 500 kV line is approved. But 

TrAILCo does not analyze or discuss the true costs of coal, including the impact of these 

new coal-fired generation plants. One glaring omission is the urgent problem of global 

warming and climate change, which unequivocally reveals that coal sources are not really 

cheap energy. 

The harms associated with climate change are serious and well 
recognized. The Government's own objective assessment ofthe relevant 
science and a strong consensus among qualified experts indicate that 
global warming threatens, inter alia, a precipitate rise in sea levels, severe 



and inreversibie changes to natural ecosystems, a significant reduction in 
winter snowpack with direct and important economic consequences, and 
increases in the spread of disease and the ferocity of weather events. 

Massachusetts v. EPA, U.S. (April 2, 2007)(emphasis supplied), Syllabus 

at p.4; See also, Id , Slip Op. at 7-8: The National Research Council's 2001 report titled 

Climate Change: An Analysis of Some Key Questions concluded that "[gjreenhouse 

gases are accumulating in Earth's atmosphere as a result of human activities, causing 

surface air temperatures and subsurface ocean temperatures to rise. Temperatures are, in 

fact, rising." 

The PUC must consider the effects of the proposed power lines on global 

warming and climate change before approving TrAILCo's Application. 

In addition. Western Pennsylvania is the national sink for sulfur, nitrogen, acid 

rain, particulate matter and mercury deposition from these plants. Particulate matter 

smaller than 2.5 microns ("PM 2.5") can be inhaled and causes lung cancer, emphysema, 

heart disease, and other life-threatening ailments. Recently the American Lung 

Association found that particulate matter pollution was increasing in the East. Terri E. 

Weaver, PhD, RN, and the American Lung Association Chair said: 

The increased particle pollution in the East is a particularly 
troubling trend, because exposure to particle pollution can not only 
take years off your life, it can threaten your life immediately. Even 
in many areas EPA currently considers safe, the science clearly 
shows that the air is too often dangerous to breathe, particularly for 
those with lung disease. Protecting Americans from potentially 
deadly air pollution means we need more protective federal 
standards, so that every community in the United States can have 
truly clean air. 

Western Pennsylvania is one of the places the American Lung Association 

identified as an unhealthy place to breathe the air. The report goes on to say that "higher 



soot levels in the East are linked to an increase in electricity generated by heavy polluting 

power plants." Any analysis of the human health and environmental impacts of proposed 

transmission lines must include an assessment of generating plants feeding the line, the 

effects of regional air pollution on citizens downwind of the plants, and the costs of these 

health impacts. See httD://www,lungusa.ore. 

Another important area overlooked by TrAILCo involves mercury emissions. 

Mercury is a neurotoxin. Pennsylvania, like many other states, already "enjoys" a 

statewide fishing consumption advisory1, primarily due to the regional extent of mercury 

contamination from air deposition. When rain washes mercury from the air into streams 

and lakes, the mercury is transformed to a highly toxic form that builds up in fish and 

bioaccumulates as it moves through the food chain. Mercury collects in the fish's muscle 

and cannot be reduced by cleaning and cooking methods. Individuals are then exposed to 

mercury through fish consumption. Women of childbearing age, pregnant women, breast 

feeding women, and their children are most vulnerable to harm. 

The leading sources of this mercury in Western Pennsylvania are the power plants 

upwind of the region, including those that will feed power to the proposed power lines. 

Currently, the federal government does not require electric plants to control mercury at 

the source, even though it is a proven neurotoxin. Instead, mercury is part of a "cap and 

trade" program that allows older, dirtier plants to buy mercury credits and continue to 

pollute our environment with mercury. In Pennsylvania, the environmental and public 

health hazards of mercury have been more assertively addressed by the Commonwealth's 

promulgation of its own Mercury Reduction Rule: 

Sec http://www.rish.state.pa.us/ftshpub/sumfnarv/OOconsurnDtion advisorv.pdf 



In February 2006, Governor Edward G. Rendell proposed for Pennsylvania a 
state-specific mercury reduction plan that protects the market for bituminous coal 
while ensuring vastly greater protections to improve the environment and keep 
residents healthy and safe. The Governor's plan, which took effect Sat. Feb. 17, 
2007, supersedes a weaker rule advanced by the federal government. 

This issue is of serious concern to many. Toxicologists, medical experts, labor 
leaders, teacher associations, religions, sportsmen and conservation organizations 
have weighed in with strong statements in support of the state rule. 

A 60-day public comment period and three public hearings drew 10,934 responses 
on the Governor's plan — a new record for a rulemaking in Pennsylvania. Of the 
10,934 comments, fewer than three dozen opposed the state plan. The rest 
supported Governor Rendell*s approach over an ineffective federal rule that does 
little to protect PennsyIvanians or clean up our environment. 

Governor Rendell's plan will cut mercury emissions faster and more substantially 
than the federal plan, achieving at least 90 percent mercury reduction by 2015.2 

B. The Effect On Designated Important Bird Areas (IBAs) And Other 
Bird Habitats. 

Important Bird Areas, or IBAs, are sites that provide essential habitat for one or 

more species of bird. IBAs include sites for breeding, wintering, and/or migrating birds, 

IBAs may be a few acres or thousands of acres, but usually they are discrete sites that 

stand out from the surrounding landscape. Identification of a site as an IB A indicates it 

has unique importance for birds.3 Such places are located on public as well as private 

lands and are highly valued and commonly utilized by Sierra Club members4, associates, 

1 See http://www.depweb.state.pa.us/mercurv/5ite/defauJt.asp See also, "State-Specific Plan to 
Control Toxic Mercury Emissions Takes Effect" ("Pennsylvania has 36 coal-fired power plants with 78 
electric generating units that represent 20.000 megawatts of capacity. The commonwealth is second, behind 
only Texas, both in terms of total mercury emissions from all sources and the total amount of mercury 
pollution coming from power plants. Nearly 80 percent of the 5 tons of mercury emitted in Pennsylvania 
comes from power plants."), http://www.depweb.state.pa.us/news/cwp/view.asp?a= 1278&q-518829 

3 http-7/www.audubon.or£/birft/iba/iba intro.html 

4 "Every bird song, wind song, and iremendous storm song of the rocks in the heart of the 
mountains is our song, our very own, and sings our love." John Muir (from Sierra Club, PA Chapter, 
Lehigh Valley Group homepage http://pennsylvania.sieiTaclub.org/lv/). 



and friends, including people who historically enjoy those places with our members as 

our national and international guests. 

According to the National Audubon Society, there are 72 Important Bird Areas 

(IBAs) in Pennsylvania. These IBAs are often interconnected or interrelated, and impacts 

to one can often affect one or more of the others, especially when migratory bird 

behaviors and habitats and cumulative effects are considered. The cunent list, including 

locations, of the designated IBAs in Pennsylvania can be found at 

http://iba.audubon.org/iba/stateIndex.do?state=US-PA . The national IBA list and 

locations can be found at http://www.audubon.orp/bird/iba/ . 5 There are also many other 

important bird areas that are unlisted due to their presence on private property where they 

have not been formally inventoried. That circumstance does not lessen the importance of 

those unlisted areas to those bird populations. 

The installation of new above-ground transmission lines poses significant threats 

to birds moving locally as well as those birds migrating regionally and internationally 

through the seasons.6 This especially includes species listed by state or federal fish and 

wildlife agencies as threatened or endangered, as well as those acknowledged to be 

sensitive or vulnerable species. 

Consider, for example, the bald eagle, which was just "de-listed" from the federal 

Endangered Species list by the U.S. Fish & Wildlife Service, but which remains listed as 

a threatened species by the Commonwealth of Pennsylvania under Pennsylvania law. 

1 'The Important Bird Areas Program recognizes that coupled with global warming, habitat loss 
and fragmentation are the most serious threats facing populations of birds across America and around the 
world." http://www.audubon.ora/bird/iba/. 

* Important Bird Areas often support a significant proportion of one or more species' total 
population. For example, in winter, the Niagara River hosts up to 20% of the entire population of 
Bonaparte's Gulls, making it a globally significant IBA. http://www.audubon.orft/bird/iba/iba intro.html . 



There are only about 120 breeding pairs of bald eagles in Pennsylvania today, including 

88 pairs which were introduced from Canada between 1983 and 1990.7 

Electric transmission lines pose deadly threats to birds, especially raptors, many 

species of which are listed as threatened or endangered.8 Adding more transmission lines 

compounds the harm. For example, to paraphrase recent testimony before Congress by 

Mike Daulton, Director of Conservation Policy for the National Audubon Society, some 

birds - such as grassland birds - avoid places with tall structures. Those species are 

adapted to open habitats where raptor predation is a major source of mortality. Tall 

structures, such as power line towers, in those habitats can give raptors a predation 

advantage by serving as perching sites, allowing them to survey the landscape in search 

of prey. Some ornithologists believe prey species are behaviorally programmed to 

perceive tall structures as a threat, and therefore avoid using habitats where tall structures 

exist. In cases where the birds affected are already in decline, the introduction of new 

electric transmission structures within those habitats could push them closer to 

extinction.9 

Furthermore, herbicides and other chemicals and vegetation management 

techniques are commonly used to maintain constructed electric transmission line 

7 Hopey, Don, "Bald eagles are flying high again," Pittsburgh Post-Gazette, June 28, 2007. at 
http̂ /www,post-gazette.com/pp/07179/797809-113.stm; Goa, Jerry, "Bald eagle no longer threatened 
species," Pittsburgh Tribune-Review, June 28,2007 at 
httDy/www.pittsburghlive.com/x/tribunercview/s 514746.html. The PA Game Commission website on 
bald eagles, including a map of nesting sites (showing many within York County that will be affected, for 
example) is at htto://www.Dgc.state.pa.us/Dec/cwp/view.asp?a=458&:•=152498 

'See, eg., Williams, Ted, "Zapped!" Incite, Audubon Magazine, [n.d.J 
bnp://mapazine,audubon.orp/incite/incite0001.htnii. 

5 See, eg.. Testimony of Mike Daulton, Director of Conservation Policy, National Audubon 
Society Before the Committee on Natural Resources Subcommittee on Fisheries. Wildlife and Oceans, 
Impacts of Wind Turbines on Birds and Bats (May 1,2007), 
_http://www.audubon.ore/campaign/testimonv 0507.html 



corridors, and may adversely affect or otherwise disturb birds that nest or feed within and 

adjacent to those established corridors. 

C. Pennsylvania's Economic, Cultural, Historical, Natural And Scenic 
Resources Will Be Adversely Affected By The Proposed Power Lines, 
And The Resulting Increased Air Pollution. 

The following is a mere snapshot of Pennsylvania's economic, cultural, historical, 

natural, and scenic resources that will be adversely affected by additional air pollution, 

global warming, and/or additional coal production; 

1. As of April 13, 2006, 323,366 acres of farmland had been preserved in 53 
counties under the Commonwealth's agricultural land preservation 
programs. 

2. Pennsylvania has 120 state parks on 283,000 acres, 20 state forests on 2.1 
million acres of forestland in 48 of 67 counties, and 300 state game lands 
on 1.4 million acres. Pennsylvania's state forestland is one of the largest 
expanses of public forestland in the eastern United States. 

3. Allegheny National Forest (500,000 acres), Delaware Water Gap National 
Recreational Area (70,000 acres), Gettysburg National Military Park 
(6,000 acres), Valley Forge National Park (4,000 acres) and Fort 
Necessity National Battlefield (900 acres). 

4. Forty-two places in Pennsylvania are listed on the National Register of 
Historic Places. 

See, Testimony of Pennsylvania House Majority Leader H. William DeWeese on April 

25, 2007, and comments dated June 13, 2007). The proposed power lines will adversely 

affect the enjoyability, usability, and viewsheds of these protected areas. 

In addition, as of December 31, 2005, 433,473 acres have been protected by 

Pennsylvania land trusts.10 As of December 31, 2005, Pennsylvania's conservation 

See, e.g., hitp://conserveland.org/featiires/Conservelandnl/nl sprine2007#daia. 



easements totaled at least 151,484 acres. Another 44,813 acres are also directly owned by 

Pennsylvania land trusts. Id. 

It is very disturbing to quantify the magnitude of the impacts posed by these 

proposed new intrusions and installations on the landscape of Pennsylvania - including 

but not limited to the millions of acres of state forest, park, and game lands, dozens of 

critical habitat areas, and tens of thousands of acres of legally conserved natural and 

agricultural lands that will be adversely affected. The figures do not begin to capture the 

great number, variety and richness of the many resources that will be affected, resources 

such as Pennsylvania's national parks, historic sites, memorials and recreation areas, the 

multitude of state, county, and local parks, public and private wildlife refuges, preserves 

and priority habitat areas, and other critically important community and regional 

resources. The proposed power lines threaten these important natural resources, 

iireplaceable agricultural lands, and treasured national, regional, and states' heritage sites. 

Furthermore, the blazing of the proposed power lines will adversely affect the 

landscapes, fields, wetlands, riverine valleys, woodlands, and forests that are traditional 

cultural properties of the members of the Sierra Club and the citizens of the affected 

states such as Pennsylvania, or "Penn's Woods." The proposed power lines will 

fragment and dissect habitat, and introduce untold miles of separation and harmful fringe 

effects into large stretches of wooded lands and forest intersected by the proposed power 

lines. It will also interrupt wildlife travel corridors and subject wildlife to additional 

related and unnecessary stresses. This is particularly critical for sensitive, threatened and 

endangered species, but it applies to many, many more who rely on existing cover for 

security during foraging and natural travelways. 

10 



D. TrAILCo Has Not Adequately Identified Or Evaluated Affected 
Historical Sites. 

TrAILCo is required to evaluate, and minimize, the impact of the proposed power 

lines on archaeological areas. 52 Pa. Code § 57.75(e)(3)(vii). In its Application, 

TrAILCo developed a GIS layer from the Cultural Resources Geographic Information 

System (CRGIS), but the report does not indicate that many archeological sites would be 

impacted. See Table 2-3 of the Route Evaluation and Environmental Report. TrAILCo 

indicates that only five "cultural resources" (all historic buildings) are in the vicinity of 

the proposed route. Section 4.8.2 of the Route Evaluation and Environment Report. 

But TrAILCo's contractor apparently only considered historic buildings on the 

National Register as the only "cultural resources" of value. However, the route for the 

proposed power lines is an area rich with history, dating back to Paleo-Indian times 

(12,500 to 10,000 years before present) and extending forward in time to the French and 

Indian War. TrAILCo has failed to survey the entire proposed power line for 

archeological sites and traditional cultural properties, and has done nothing to minimize 

the impact to these areas and to wildlife should the project be approved. This alone 

should prohibit PUC approval of TrAILCo's application. 

E. Electric And Magnetic Fields ("EMF"). 

The proposed power lines will be dangerous to the health and safety of the public, 

and to domestic, farm, and wild animals. For example, the lines will expose residents, 

visitors and animals to EMF's. EMFs have adverse impacts on human and animal health. 

For example, TrAILCo's own expert admits that several studies have indicated a 

statistically significant increased risk of childhood leukemia for populations living near 

11 



high voltage power lines. Bailey Direct Testimony, 14. The EMFs from high voltage 

power lines have also been characterized by experts as a possible human carcinogen. See 

i<L 

II. The Application Is Not In Compliance With Applicable Statutes And 
Regulations Providing For The Protection Of The Natural Resources Of This 
Commonwealth. 

A. Endangered Species Act. 

The route of the proposed power lines will infiltrate the habitat of the Indiana Bat, 

a federally protected species. The United States Fish and Wildlife Service ("USFWS") is 

responsible for administering the Endangered Species Act. David Densmore, the 

supervisor of the Pennsylvania Field Office for the United States Fish and Wildlife 

Service, indicates that TrAILCo's Application does not comply with the Endangered 

Species Act: 

The project is within the range of the Indiana Bat (Myotis sodalist), 
a species that is federally listed as endangered. Due to the 
potential harm to this species, we will need additional project 
information, including project plans and a detailed project 
description indicating the acreage of forest disturbance, before we 
can determine whether there will be any potential adverse effects 
to Indiana bats that might be in the project area. 

Densmore Letter, AP TrAIL Route Evaluation and Environmental Report. TrAILCo has 

not considered the impact of the proposed power lines on this protected species - or any 

other species that inhabits the route. Since TrAILCo has not complied with its 

obligations under the Endangered Species Act, its application must be denied. 

B. TrAILCO Has Not Prepared An Environmental Impact Statement 

("EIS"). 

Federal law requires that TrAILCo make a project-specific EIS. See 42 U.S.C. § 

4332; 40 C.F.R. § 1508.18(b). Because FERC has already approved an incentive rate 

12 



increase for the project, an EIS must include a study of all possible alternatives, including 

a complete analysis and characterization of the supposed need for the proposed power 

lines, and alternatives to meet that need, if a need is demonstrated. Currently, the 

Application includes a "Route Evaluation Report and Environmental Report" that does 

not meet these requirements. The report does not comprehensively address the 

environmental, historical and cultural impacts, nor does it set forth a study of alternatives 

to the proposed power line. 

C. Wetlands and Streams. 

TrAILCo's Application does not sufficiently address the adverse environmental 

impact of the proposed power lines on wetlands. The Application relies on the National 

Wetlands Inventory (NWI) for an inventory of wetlands. The NWI is notorious for 

underestimating forested wetlands. Most wetlands in Western Pennsylvania are small, 

forested wetlands. The Commission should require TrAILCo to determine the existence 

and extent of local wetlands and other vulnerable water bodies (e.g. springs) through the 

use of field surveys along the proposed route and rights of way. 

Similarly, TrAILCo used the National Hydrography Dataset ("NHD") to 

determine the amount of streams and rivers potentially impacted by the proposed power 

lines. However, the NHD uses a 1:100,000 scale mapping which severely underestimates 

the amount of streams in the area. The 1:24,000 scale dataset, not the 1:100,000 scale 

dataset, provides a much more accurate measure. For example, there are approximately 

50,000 stream miles in Pennsylvania using the 1:100,000 scale mapping. Conversely, 

when PADEP used the 1:24,000 scale mapping, the total number of stream miles 

increased to over 80,000 miles. 

13 



I I I . TrAILCO Has Not Adequately Considered The State Of Available 
Technology And Available Alternatives. 

Contrary to Pennsylvania law, TrAILCo has not considered reasonable 

alternatives. In determining whether to approve a proposed high voltage transmission 

line, the Commission must find that the line "will have minimum adverse environmental 

impact, considering . . . the available alternatives." 52 Pa. Code § 57.76(a)(4); see 52 Pa. 

Code § 57.57 (e)(4). TrAILCo has failed to demonstrate that there are no reasonable 

alternatives. That's because the fact is that there are reasonable alternatives to 

TrAILCo's proposals. 

TrAILCo also ignores the following Pennsylvania laws and programs that stress 

the importance of evaluating and implementing alternative energy production methods, 

including: 

• Alternative Energy Portfolio Standards Act of 2004n 

• Funds for Renewable Energy - Four funds were created as a result of the 
restructuring plans of five electric companies. The funds are designed to promote 
the development of sustainable and renewable energy programs and clean-air 
technologies on both a regional and statewide basis. The funds have provided 
more than $20 million in loans and $1.8 million in grants to over 100 projects. 

• Governor Edward Rendell announced a comprehensive plan, including state 
assistance to purchase "smart meters" and efficient appliances and requiring 
power suppliers to invest in conservation. Governor Rendell proposes that 
increases in future energy demand be met in Pennsylvania through conservation 
rather than building new transmission lines and generating plants. 1 3 

1 1 http://www.puc.state.pa.us/electric/electric alt energy.aspx 

http://www.puc.state.pa.us/electric/electric renew sus energy.aspx 

1 3 http://www.puc.state.pa.us/electric/electric alt energy.aspx 
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TrAILCo's Application is deficient because it ignores alternatives such as energy 

efficiency, demand response and distributed generation. 

TrAILCo and the Public Utility Commission must consider a broad range of 

alternatives to meet energy needs before allowing irreparable harm to exceptional 

historic, cultural and environmental resources. 

For example: 

1. Generate power close to demand - The proposed power line encourages 
the continuation of an old system. The energy produced by outdated and 
dirty coal fired plants in the Ohio River valley is transmitted over long 
distances to cities in the East Coast market. A diversified network of 
small, state-of the-art clean plants near where the power is needed would 
result in a grid that is more efficient, more reliable, and more secure. 

2. Improve existing lines - Power companies can upgrade voltage and use 
new technologies to improve the capacity and the performance of 
transmission lines that are already in place, reducing or eliminating the 
need for new lines. 

3. Manage demand-Power line congestion is caused not by average usage, 
but peak usage—for example, at.4:00 p.m. on the hottest day in August. 
Effective "demand-management" programs can use financial incentives 
and convenient technology to encourage people to use less electricity at 
peak times. These programs can work economically, at little or no 
inconvenience to consumers. 

4. Strengthen energy conservation efforts - As we face the serious 
challenges of global climate change, Americans would do better to invest 
in initiatives that will reduce demand for energy rather than increase 
supply. Households can also make a difference one by one, dramatically 
reducing energy consumption by switching to compact fluorescent light 
bulbs and EnergyStar rated appliances. Using the best building materials 
and designs, new or renovated homes can achieve impressive energy 
efficiency at relatively low cost. 

5. Let the market work: There are strong incentives to work for solutions 
like those listed above, but if the government intervenes in favor of a 
specific, "out-of-market" solution—the proposed power line—those 
incentives will be distorted. By giving utility companies the ability to 
charge rate payers the capital costs for new transmission projects and by 
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giving them access to federaJ condemnation authority, the government 
may be encouraging the most environmentally destructive solution. 

Pennsylvania's elected officials have expressed a strong preference for these types 

of progressive approaches to energy demand. For example: 

• May 11, 2007 correspondence from U.S. Congressman John P. Murtha 
(Pa.), provides that the federal government should seek more 
comprehensive energy solutions. Pennsylvania should not be required to 
pay for the East Coast's thirst for power. Pennsylvania will have to fund 
this project in the form of higher electricity rates. We have to find a fairer 
solution. 

• May 11, 2007 correspondence from U.S. Congressman John P. Murtha 
(Pa.) discusses the potential health effects, adverse environmental impacts, 
decreased market values and marketability of surrounding land, and the 
ruin of picturesque landscapes. 

• June 11, 2007 correspondence from J. Barry Stout to the Honorable 
Michael L. Waugh and the Honorable Jeffrey E. Piccola indicates that he 
introduced Pennsylvania Senate Resolution 129 to oppose the designation 
of a large "corridor" that could allow for federal approval of transmission 
lines, even if the state PUC determines that a particular transmission line 
should not be built. 

o Governor Rendell has expressed concern that focusing on transmission 
lines alone fails to consider alternative technology and alternative routes, 
and interferes with Pennsylvania's comprehensive energy policies, 
including its leadership role in renewable energy and sustainable fuels. 

• June 13, 2007 testimony of Senator J. Barry Stout opposing the DOE's 
NIETC designations. Among other things, Senator Stout was also 
concerned with the need to develop and promote more comprehensive 
means of addressing transmission congestion and energy solutions, such as 
enhanced energy conservation and efficiency measures, demand response, 
and more local generation. 

As Pennsylvania House Majority Leader H. William DeWeese testified, 
the proposed power lines ignore environmentally clean, renewable, 
energy-efficient, and cost-effective alternatives. There are alternatives to 
high voltage transmission lines. However, the failure of the federal 
government to require consistent investment in alternative energy has us 
here today discussing what may become another failed national energy 
policy. 
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Because TrAILCo has ignored its obligations to explore and evaluate alternatives 

to the proposed power lines, its applications should be denied. 

IV. Conclusion. 

For the above reasons, TrAILCo's applications must be denied. We reserve the 

right to supplement these comments and testimony while the hearing record is still open. 

Respectfully submitted this day of August 2007, 

Tom Wolper, Chair 
Conservation Committee 
PA Chapter, Siena Club 
P.O. Box 663 
Harrisburg, PA 17108-0663 
Phone:717-232-0101 
pennsvlvania.chaDter@sierracIub.org 
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E C C Exhibit RQH-S 

L o u d o u n C o u n t y , V i r g i n i a 
Selected Economic Characteristics: 2006 

I Data Set: 2006 American Community Survey 
Survey: 2006 American Community Survey 

NOTE. Allhough the American Community Survey (ACS) produces population, demographic and housing 
unit estimates, il is the Census Bureau's Population Estimates Program that produces and disseminates the 
official estimates of the population for the nation, states, counties, cities and towns and estimates of housing 
units for states and counties. 

For more information on confidentiality protection, sampling error, nonsampling error, and definitions, see 
Survey Methodology-

Selected Economic Characteristics: 2006 : Est imate! Margin of Error; 

EMPLOYMENT STATUS ... .̂..J 
Populat ion 16 years and over . , j 198,6181 

In labor force " 1 5 1 , 1 9 8 ; +/-3.'0'l7: 

Civilian labor force " r ""156.173]' +/-3. i62! 

Employed , _ ! 146.976! ' " " "+/-3, i6q; 

Unemployed ;" "3.197; +7-1,0031 
Armed Forces _ _. 1,025^ +/.582. ; 

Not in labor force " ' 47,420' " "_ _' _ +/-3,034 ; 

Civi l ian labor force *' 150,173.' "W-3,162; 

Unemployed 2 , 1 % " +/^q'.7 

Females 16 years and over ... ' 101,019 +/-750. 

In labor force '70,442: +/-2,448 ; 

Civilian labor force " . " "76,'233;' +/-2;529i 

Employed 68,293 +/-2.545 

Own chi ldren under 6 years -." 28,164 +M,04S' 
AN parents in familyjn labor force 15,421: +/-1,700i 

Own chi ldren 6 to 17 years H 47,426:' 
_ _ _ _ _ „ _ . , 

All parents in family in labor force . . . . .33,280:' +/-2.058. 

COMMUTING TO WORK '< 
Workers 16 years and over 144,442' +/-31p32 

Car, truck, or van - drove alone 117.703' +/-3.314 

Car, truck, or van - parpooled 12,194- +/-2.439 

Public transportation (excluding taxicab) 3,369 +/-l".01^9. 

Waltsed 1,938: +/-896: 

Other means ..f.538" . . * / : 8 2 6 . ' 
Worked at home L'"..7.7.00;". 

Mean travel time to work (minutes) 32.9 + / - i , i : 

Civi l ian employed population 16 years and over 146,976 +/-3 I160 

OCCUPATION 
Management, professional, and related occupations 80.788 +/-3,629^ 

Service occupations 18.574' +/-2.608. 

Sales and office occupations 33,422" 

Farming, fishing, and forestry occupations 143' +/-184 

Construction, extraction, maintenance and repair occupations 8.218 +/-2.159 

Production, transportation, and material moving occupations 5,831 +/• 1.343 

INDUSTRY 
Agriculture, forestry, fishing and hunting, and^mining 1,174 +/-593" 

Construction 7,437' +/-1,545' 



Selected Economfc Characterist ics: 2006 

Manufacturing 
Wholesale trade . . . . 
Retail trade . , . _ .. . 
T fJ.nsportation and warehousing,.and utilities^ 
Information 
Finance and insurance, and real estate and rental and leasing __. 
Professional. "scientiftc. and management, and administrative and waste management[ services 
Educational services, and health care, and social assjstance _ ^ 
Arts, entertainment, and recreation, and accommodation, and food services 
Other services, except public administration_ _ . . 
Public administration 

Estimate 
6.239:_ 
2.953 T 

" i 2 . i i i ' r 

5.68bT 
11,7581 
j 1.923 

" ' 38 .274 H 
""" '21,240:' 

T l J I B j 
6.859: 

10.2101 

Margin of Error; 
+M,672/ 

+/-8'9'r: 
+/-2!l55j 
+M J 319 i 

" ' ^ + ' - 2 , 3 i b ; 
' • ' '+/-^i90| 
" " " _'+'/-3',412'; 

*'-2"095: 
- +7-2,20?; 

+/-1.850! 
+M,760-

cb\ss qF yypRKER _ 
Private wage and salary workers 
Government workers _ _ , 
Self^empjoyed workers in own not incorporated business _ 
Unpaid family workers _ . _ 

. 'N~CO"ME AND 
Xptal households „ . , „ 

; Less than $10,000 
$10,000'lo $14,999 
SlslpOOtp S24;999 
$25,000 to $34,999 
$35.000.to $49,999 

$50,000 to $74,999 
$75,000 to $99,999 
$100,000 to $149,999 

' $150,000 ^ $199,99? 
SSpp.Opp or more _ 
Median household income (dollars) 
Mean household income "(dollars) 

With earnings 
Mean earnings (dollars) 

With Social Security, 
Mean Social Security income (dollars) 

With retirement income 
Mean, retire ment income (dollars) _ _ 

With Supplemental Security Income 
Mean Supplemental Security Income (doHars) 

With cash[ public assistance .income. 

Mean cash public assistance income (dollars) 
VVith Fqodstamp .benefits. jn t h e . p a s t j l ..months 

Famjties 
' Less than .$10,666 
. $fo'.p00 to" $14,'999 

$i5'.o6o to $24,999 
$25,000 to $34,999 
$35,000 to $49,999 
$50,000 to $74,999 
$75.0q6 to $99,999 
$100,000 to'$149,999 
$t 50,0'6o to S 199.999 
$200,666 or more 
Median family income (dollars) 
Mean family income (dollars) 

Per capita income (dollars) 

Nonfamlly households 

Median nonfamily income (dollars) 

Mean nonfamily income (dollars) 

Median earnings for workers (dollars) 
Median earnings for male full-time, year-round workers (dollars) 
Median earnings for female futMime, year-round workers (dollars) 

115,923! +/-3,171 
23.715: +/-2.313j 

7,145;" '+/-1.266:; 

" ~ ...'j9_3"f. +/-216{ 

"83,011: 
.1.975' . .+7-697J 

_ ...1,479;. +/-745;' 

2.50?;' +/-838. 
3,587' +/-1,il1 

6.422' +/-l",138: 
12,046:" +7-1.775; 

.13,8211 

..+M.607! 
' '19.909; ''+(-1,848' 

.11.683; r. si-iw) +/-1.liBi 

' l i 8 ,442r .; ..i..;._+M,M3j 

' 76;697'[" . ' . J . ' +/-2,253 
115.544","' +/-3,926' 

9,696 +M.030; 
14.138';' +/-1,127; 
16.960: '.+/-i'.i26'; 

..3.1.246:' ._.; W-Sjiii! 

7651" 7+7-350' 
10,221" ' +M.741 

" 394; " ' +/-382i 

N!_ " " N ? 
".^;'?9?i... +7-516; 

j 

...57,096' *!:2,73B\ 
..... . ?2S-j +7-2241 

93;.. . " ' '+7-124: 
913 " " ''V/-395' 

M l " . +M69. 
2,804"" +/-847-
6,432 ' +M,i;65'-

9.136" +(-1.14?.' 
16:637' +/-l",57i; 

i6,8827 . 
8.990" " +7-1,682' 

122.367": ' ..l.+/-5,6pi: 

141,72?' +/:6,7"lT 

'46,386"" +/-1.657. 

25,915" . +/-2,437'; 
56.902'; +/-9.674 

64.118, +A5;081 

49.410. 
78,650; 
51,554 

+/-2,383. 
+/-4,722 
+/-1,646 

PERCENTAGE OF FAMILIES AND PEOPLE WHOSE INCOME IN THE PAST 12 MONTHS IS BELOW THE POVERTY LEVEL 
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Selected Economic Characteristics: 2006 
All families 
. .W!!!? related children under 18 years 

With related children under 5 years only 
Married couple families _ _ _ 
W l h related children under 18 years 
With related children under 5 years .only 

Families with female householder, no husband present 
With related children under 18 years 
With related children under 5 years only 

Estimate; Margin of Error: 
0.9%: +/-0.5; 

•V-b.'e: 
1.0%- _+/-1.2: 

.7" 0.8%: ' ~ * / - Q . 5 ' i 

i;b%7 +I-Q.7;-. 
0.8% i +/-l"2i 

2.1% r +/-2.9' 
"2.8% '+AX8j 
7.8%. 

"2".9%T 7777 7. 
1.8% " "+ / - i . i j 

.... 1"-4%' .7 ..777.7tti-.Q! 
'"'7 1.4%]' 7.7.7'+/7i:!i' 

~"i.4%7 " "+/-1.2-

7 \3 3%7 77 +/-J.17 
"" ' 2.9% i ' "*+/.i.6 ! 

8.3% _ • M . S : 

T3%7 •/-O-si 

i2,o%7 "+'-3.81 

Alt people 
" Under 18 years 

b Related children under 18 years 
Related children under 5 years 
Related children 5 to 17 years 

1 f^years and over 
1_8Jq_54 years 
65 years and pver^ 

People in families 

Unrelated individuals 15 years and over 
Source; U.S. Census Bureau. 2006 American Community Survey 

Data are based on a sample and are subject to sampling variability. The degree of uncertainty for an estimate arising from sampling variability is represented 
through Ihe use of a margin of error. The value shown here is the 90 percent margin of error. The margin of error can be interpreted roughly as providing a 90 
percent probability that the interval defined by the estimate minus the margin of error and the estimate plus the margin of error (the lower and upper confidence 
bounds) contains Ihe true value. In addition to sampling variability, the ACS estimates are subject to nonsampling error (for a discussion of nonsampling 
variability, see Accuracy of the Data). The effect of nonsampling error is not represented in these tables. 

Notes: 
•Employment and unemployment estimates may vary from the official labor force data released by the Bureau of Labor Statistics because of differences in 
survey design and data collection. For guidance on differences in employment and unemployment estimates from different sources go to Labor Force Guidance. 
-Workers include members of the Armed Forces and civilians who were at work last week. 
Occupation codes are 4-digit codes, but are still based on Standard Occupational Classification 2000. 

•Industry codes are 4-digit codes and are based on the North American Industry Classification System 2002. However, the Industry categories adhere lo the 
guidelines issued in Clarification Memorandum No. 2. "NAICS Alternate Aggregation Structure for Use By U.S. Statistical Agencies," issued by the Office of 
Management and Budget. 
•While the 2006 American Community Survey (ACS) data generally reflect the December 2005 Office of Management and Budget (OMB) definitions of 
metropolitan and micropolitan statistical areas, in certain instances the names, codes, and boundaries of the principal cities shown in ACS tables may differ from 
the OMB definitions due to differences in (he effective dates of the geographic entities. 

Explanation of Symbols: 
1. An '**' entry in the margin of error column indicates that either no sample observations or too few sample observations were available to compute a standard 
error and thus the margin of error. A statistical test is not appropriate. 
2. An '-' entry in the estimate column indicates that either no sample observations or too few sample observations were available to compute an estimate, or a 
ratio of medians cannot be calculated because one or both of the median estimates falls in the lowest interval or upper interval of an open-ended distribution. 
3. An following a median estimate means the median falls in the lowest interval of an open-ended distribution. 
4. An '+• following a median estimate means the median falls in Ihe upper interval of an open-ended distribution. 
5. An •*" ' entry in the margin of error column indicates that the median falls in the lowest interval or upper interval of an open-ended distribution. A statistical test 
is not appropriate, 
6. An ' ' entry in the margin of error column indicates that the estimate is controlled. A statistical test for sampling variability is not appropriate. 
7. An 'N' entry in the estimate and margin of error columns indicates that data for this geographic area cannot be displayed because the number < 
cases is too small. 
8. An '(X)' means that the estimate is nol applicable or not available. 

of sample 

The letters PDF or symbol indicate a document is in the Portable Document Format (PDF). To view the file you will 
\~ need the Adobe® Acrobat® Reader, which is available for free from the Adobe web site. 
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ECC Exhibit RQH-6 

Wash ing ton County, Pennsylvania 
Selected Economic Characteristics: 2006 
Data Set. 2006 American Community Survey 
Survey. 2006 American Community Survey 

NOTE. Although the American Community Survey (ACS) produces population, demographic and housing 
unit estimates, it is the Census Bureau's Population Estimates Program that produces and disseminates the 
official estimates of the population for the nation, states, counties, cities and towns and estimates of housing 
units for states and counties. 

For more information on confidentiality protection, sampling error, nonsampling error, and definitions, see 
Survey Methodology. 

Selected Economic Characteristics: 2006 
"EMPLOYMENTSTATUS" 

Population 16 years and over 
In labor force 
Civilian labor force 
Employed 

JJnemployed . 
Armed Forces 

Not in labor force 

Es t imate t Margin of Erron 

159,788; 
102,118;. 

102,0187 
96.012\ 

6.006 1 

T oqT 
' 67,670: 

+/-S40; 
'+/-2,4b3; 
+/-2.467S 

+/-2.627i 
_+1-1.019! 
' "77 +/-ii5j 

Civilian labor force 
Unemployed 

102,018! 
5.9%" 

.+':2,497, 
• / - i l b ; 

Females 16 years and over 
In labor force 
Civi|ian labor force 
Employed 

89,658, 
48.4821 
48,466 [ 
45.4317 

. _+i-568 
' + / - i ! M 4 ; 
'_+/-1.643; 

+/-1,752i 

Own chi ldren under 6 years 
All parents in family in laborforce 

12,282 j 
7,047 i •/-ilbdai 

Own,chi ldren 6.to 17,years.. 
All parents in family injabor force 

COMMUTING TO WORK 

28,140 

19.993] 
•/-1,178! 
+/-1,659' 

Workers 16 yeare and over 93,868. +/-2,643; 
Car. truck, or van -- drove alone 78.1027.. +/-2,843 

Car. truck, or van - carpoojed ... 8.2297. +/-1.52?. 
Public transportation (excluding taxicab} 1.561: +/-6681-

Walked .2,721 71 ..'+/-91.0; 
Other means 9487. ' +/-335: 

Worfced at home 1 2,307.177.7 7..I77.tt713] 

Mean travel time to work (minutes) 2517 .177 +Mii"-

Civilian employed population 16 years and over • 9.6,012 7 "+/-i2',627l 

OCCUPATION 
Management, professional, and related occupations 30.809 ' +/:2',291 

Sen/ice occupations 14,977" " "+/-I.416' 
Safes and office occupations 26.143' +/-2,055.' 

Farming, fishing, and forestry occupations 164 +/:1.4b. 
Construction, extraction, maintenance and repair occupations 11.318. +/-1.390' 

Production, transportation, and material moving occupations 12601 . 1,557. 

INDUSTRY 
Agriculture, forestry, fishing and hunting, and mining 1,858; +/-58bi 
Construction 7. : 7?,7.2877.7 17 1+/-1,282j 
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Selected Economic Characteristics: 2006 
, M^Pytectunng , _ . 
...vyh^1633'6 ' f ade _ 
. Retail trade . . . . 
Transportation and warehousing, and utilities 
Iflformalion 
Finance and insurance, and real estate and rental andjeasing 
Professional, scienlific. and management, and administrative and waste management services 
Educational services, and health care,and social[assistance . . . . . 
Arts, entertainment, and recreation, ana accommodation, and food services 
Other services, except public administration _ _ 
Public administration . _ ... 

CLftVs OF WORKER '". 7 ."-" . .. ..T . — ~ • -
Private wage and salary workers . _ . .. .. 
Government workers _ . .„ 
Self-employed workers in own not incorporated business _ _ 
Unpaid family workers _ _ .. _ _ . . . . . . 

INCOME AND BENEFITS (IN 2006 IN F LATioW-A D JUS TED boLLARS) 
T9te).h9*i3S!}olds _ ... . . . 

L.ess than $1.6.000 . . .. 
iib.boO to $14,999 
515.000 to $24,'999 . . . . ... 

..$25.666"to $'34,999" . _ . .... 
S35.666 "to $49,999' _ 
Ssq.ooo'tq's^.ggg" .... . 7 ... - -
575,66p to $99,999 .7 . . 
$i6p,qb6''to $149,999 
$156,OOO'to $199,999 , 
$266,606 or more 
Median household income (dollars) . . . 
Mean household income (doljars) 

With earnings 
Mean earnings (dollars) . . . 

With.Spcial Security 
Mean Social Security income (doljars) 

With retirement income _ _. 
Mean retirement income (dollars) _ _ . _ 

Estimate: 
10.828; 

"'73.264:' 
1.2.253[' 
4,958i 
1,292 • " 

.6.021*:" 
3.258! 
2V.634; 

" 8.417." 
" 5,665:" 

3.496;*' 

79.167[ 
10,86? i 
5.6821 

274, 

_821422-
6,0701 

"5,2147 
7l 6,813j 
79.6?5^ 

7l2,3lb"i" 
_ 15,786]" 
161129 

" 8.264;' 
"72,184; 

45.789: 
..60,0457. 

.,61,492 .̂ 
62.141 ; 

.27.859 [ 

. 1i?92." 
22.263! 
16,895^ 

Margin of Error! 
+/• 1.565J 

.77 +/-852; 

" v-92l7 

+M23 

777.. V-2.2291 
•»•'/-i',"3047 

7" 7 "' ^gs-r 
"' +/-738" +/-2,878: 

Vf.'sssi 
" +A971I 
' "+/-199^ 

"+/-1.6'70: 

+5-926] 
" +7-i,i'23; 
"'+/-1,352; 
+/-1,341! 
•hf-ija? j 

' + M , i 8 i ; 
+/-i~i'60: 

+/-728; 
' +7-569] 

"+/:2,5Jp7 
+/-2.656! 

+M,903: 

+/-i,047l! 
'"+^524! 
'+'/-1,302', 
'+7-1.944! 

With SuppleJnentaJ Security Income 
Mean Supplemental Security Income (dollars) 

With pash public assistance income 
Mean cash public assistance income (doljars) 

With Food[Stamp benefits jnthe past 12 months 

2.889, 
8.1227 
779537 
1,74ll" 
5,l"76:~ 

+y-632; 
7*7-1.024; 

+/-47.3 

"+/-'i,b37i 

p Families J 53,969; +/-l'(971 
-Less than $16,066 2,2141 .7 +^579: 

| j $10,000 to $14,999 7 "I'.sivr"" ll.+M64l 
s* s.is.obo to $24,999"' 7 *". .4,123'" 7 ' "" +7-6537' 
f $2"5._000 to S34.99"9 . '.7 77. ,5.878l "" }j:9Q3} 
V"; S357p6o to $49,999" ' 8,646: ' +Ml644l 

. $50,000 to $74,999 • 11,848.;' ' +M.376; 
'V $751000 to $991999 9,038" ' +/-1,6'73 
•-' SIOO.OOp tp $149,999 7.554". . +/-1.,130-
; $150,000 to $199.999 1 443 +M86 

$200,000 or more 1.911. ..+7-668. 
Median family income (dollars) 58,794 7 +/-2,386.' 
Mean family income (dollars) . '7 7.2.74l7" 7'+/":3.66V 

Per capita income (dollars) 24."6?9 +/-i.0461 

Nonfamlly households 28,453 • +M f964 : 

Median nonfamify income (dollars) • 23,647" +/-2,753 
Mean nonfamily income (dollars) 33.746 " +/-3.685" 

Median earnings for workers (dollars) 26.554 +1-722] 
Median earnings for mate fi/ll-lrme, year-round workers (dollars) 44,622. 
Median earnings for female fult-time, year-round workers (dollars) 29,447' "'+/-2.i '59 : 

PERCENTAGE OF FAMILIES AND PEOPLE WHOSE INCOME IN THE PAST 12 MONTHS IS BELOW THE POVERTY LEVEL 



i Selected Economfc Characteristics: 2006 
All families 

- yy ih fejated children under 18 years 
i l . . ..yWth related children under 5 years only 
' •̂  ..Married couple families _ _ _ 

w4t^/?.'?t^ ̂ '̂ o.yn^sj.-i? y.?a.rs 
• | related childrenjjnder_5iyeafs only 
S .Fafnijiesjwith female householder, no husband p.resent_ 
I .With relat^ childfen„Under 18 years 

* With related children under 5 years only 

k - 7 7 " 7 - 7 - 7 m_ ; 

Estimate. Margin of Error 
6.8% j +M.3 

11.4%' +/:2.7 
147%j"' +/.915! 

'3.4%7 " " + / - 1 . 1 5 

+/-2.0: 

8.6%r +/-7.l'i 
" 25.2%j ' +/-6.5: 
' 36.7%t' +/-9I4'! 

7 J9-.0%L +/;34jB]: 

10.0%'' "7777 
13.7%" V M ' I " 
1316%! "+M. I1 

i 6 j % r ' +/-7.6: 

'12.6%:'* 

'"9.o%r +7-i'i; 
""""i6.b%r +/-i".7i 

7' l3%7 '"+7-i.'7; 
7.5%i '"+/-"l.7": 

7_2j.q%r 7M.2 ; 

3 Alt people _ 

^ Under l ^years 
.1 Related children under 18 years 
'j Related children under 5 years 

. .Relatedi children 5 to years _ _ 
y 1.?.years and over _ 
(ff IS to 64 years _ 
^ 65 years and qyer_ _ 
' : People in famlies _ 
.1 Unrelated individuals 15 years and over 

j l / Source: U.S. Census Bureau, 2006 American Community Survey 
Pjf 
! | | Data are based on a sample and are subject to sampling variability. The degree of uncertainty (or an estimate arising from sampling variability is represented 
p through the use of a margin of error. The value shown here is the 90 percent margin of error. The margin of error can be interpreted roughly as providing a 90 
^ percent probability that the interval defined by the estimate minus the margin of error and the estimate plus the margin of error (the lower and upper confidence 
•iC bounds) contains the true value. In addition to sampling variability, the ACS estimates are subject to nonsampling error (for a discussion of nonsampling 
| f variability, see Accuracy of the Data). The effect of nonsampling error is not represented in these tables. 

£e Notes: 
• i \ -Employment and unemploymenl estimates may vary from the official labor force data released by the Bureau of Labor Statistics because of differences in 
H survey design and data collection. For guidance on differences in employment and unemployment estimates from different sources go to Labor Force Guidance. 
j | Workers include members of the Armed Forces and civilians who were st work last week. 

Occupation codes are 4-digit codes, but are still based on Standard Occupational Classification 2000. 
^: -Industry codes are 4-digit codes and are based on the North American Industry Classification System 2002. However, the Industry categories adhere to the 
^ guidelines issued in Clarification Memorandum No. 2. "NAICS Alternate Aggregation Structure for Use By U.S. Statistical Agencies," issued by the Office of 
i?! Management and Budget. 
$ While the 2006 American Community Survey (ACS) data generally reflect the December 2005 Office of Management and Budget (OMB) definitions of 
••jj metropolitan and micropolitan statistical areas. In certain instances the names, codes, and boundaries of the principal cities shown in ACS tables may differ from 
|p Ihe OMB definitions due to differences in the effective dates of the geographic entities. 

j j j Explanation of Symbols: 
M 1 An '**' entry in the margin of error column indicates that either no sample observations or too few sample observations.were avaiiabie to compute a standard 

error and thus the margin of error. A statistical test is not appropriate. 
2. An '-' entry in the estimate column indicates that either no sample observations or too few sample observations were available to compute an estimate, or a 

M ratio of medians cannot be calculated because one or both of the median estimates falls in the lowest interval or upper interval of an open-ended distribution. 
!?! 3. An '-' following a median estimate means the median falls in the lowest interval of an open-ended distribution. 
•jfi 4. An following a median estimate means the median falls in the upper interval of an open-ended distribution. 
0 5. An " " ' entry in the margin of error column indicates that the median falls in the lowest interval or upper interval of an open-ended distribution. A statistical test 
f$ is nol appropriate. 

$. An '*"•*** entry in the margin of error column indicates that the estimate is controlled. A statistical test for sampling variability is not appropriate. 
7. An 'N' entry in the estimate and margin of error columns indicates that data for this geographic area cannot be displayed because Ihe number of sample 
cases is too small. 
8. An '(X.)' means that the estimate is not applicable or not available. 

The letters PDF or symbol S'* indicate a document is in the Portable Document Format (PDF). To view the file you will 
need the Adobe® Acrobat® Reader, which is available for free from the Adobe web site. 
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Data Set: Census 2pj30_S^i7^ 
Geographic Area: Greene County, Pennsylvania 

NOTE: Data based on a sample except in P3. P4, H3. and H4. For information on confidentiality protection, sampling error. 
, nonsampling error, definitions, and count corrections see hllp://f3Ctfinder.census.goy)homeJenJd3tanoteMe^PSf3 tittri. 

ECC Exhibit RQH-7 

Subject Number; Percenti 

EMPLOYMENT STA TUS 
Populat ion 16 years and over 

- In labor force 
Civilian labor force 

Employed 
Unemployed 

Percent of civtlian labor force 
Armed Forces 

Not in labor force 

Females 16 years and oyer 
In labor force 

Civilian labor force 
Employed 

Own chi ldren under 6 years 
All parents in family in labor force 

COMMUTING TO WORK . 
Workers 16 years and over 

Car. truck, or van - drove alone 
Car, truck, or van - carpooled 
Public transportation (including taxicab) 
VVaiked _ ' 

Other means 
: Worked at home 
Mean travel time to work (minutes) 

Employed civil ian population 16 years and over 

OCCUPATION ."71"' '11"".'-'. .7111. . 
p Management, professional, and related occupations 
I, Service occupations 

Sales and office occupations 
/ farming, fishing, and forestry occupations. 
" Construction, extraction, and maintenance occupations 

Production, transportation, and material moving occupations 

(NOUS TRY 
Agriculture, forestry, fishing and hunting, and mining 
Construction 

Manufacturing 
Whotesale trade 
Retail trade 
Transportation and warehousing, and utilities 
Information 

Finance, insurance, real estate, and rentaf and leasing 

Professional, scientific, management, administrative, and waste management 
sen/ices 

Educational, health and social sen/ices 

Arts, entertainment, recreation, accommodation and food services 

Other services (except public administration) 

Public administration 

32,8291 
16.751] 

76.7131'"" 
i 5 j 6 8 r * 

10*0.0 j 

50.91 
46,2] 

1.5451 
9.2,' 
38 j 

16,078; 

4.7 
" (X)"' 

0.11 
'49.0'; 

15,9281 
7,222! 1 
7.2181"","" 

..6,699]" ' 

ibo.bj 
45.3 
45"3 

"'_ "42.1: 

.2,508; 1 . ." 
1.293' 

ibb.oi 

14,878 
12,124 ; 

1,634" 
. 22' 
506': 

... . i7i : 

... 4 — 

28.3! 

15,168 
1 

73.77b! 
2,633 ! 

3,3281" 

7. lis'" 
2.831: ' 
2.488" 

1,231 
1.420 
1,356' 

327; 
1.833*' 

.1.2361 
3641 

' 471* 

100.0' 

" ii.b: 
o.i' 
3.4: 

"0.71 

' m\ 
iloM, 

"24.9}, 
""17.4" 

21.9' 

"b.a; 

"16.41 

8 . 1 ; 

9.4: 

.8.91 
2.2; 

"l2.'l_' 
8.1'. 
2.4 
3 .1 . 

663, 

3.529' 
797' 
982 
959 

4.4: 

23.3-
5.3. 
6.5; 

6.3! 

CLASS OF WORKER 
Private wage and salary workers 
Government workers 
Self-employed workers in own not incorporated business 

11.646' 
2.419"' 
I.OOl' 

76.8 
l"5.9l 
6.6 : 



r 
Subject 

Unpaid family workers 

• | tNCOME fN 1999 

_. Households 
•}f Less than SIO.OOO 
. fSiq.ppO to $14,999 

15.000 lo $24,999 
" f 525.000 to $34,999 
fSis.OOO to $49,999 
1$50.000 to $74,999 
| 575,006 to S99.999 
J $100,000 to $149,999* 
^ i lSp ' .Opb to $199,999 ' ' 
^ $20p.o6p or more 
| | Median household income (dollars) 

With earnings 
' f Mean earnings (dollars) 
^ W i t h Social Security income 
& Mean Social Security income (dollars) 
^-.With Supplemental Security Income 
^ Mean Supplemental Security Income (dollars) 
'|£ With public assistance income 
H Mean public assistance, income (dollars) 
j | With retirement income 
^ Mean retirement income (dollars) 
>;£ 

^ • • - ... ..... 
^ Families 
JgLess than $10,000 
f $10,000 to $14,999 ' 
| $15,000 to $24,999 
§"$25,000 to $34,999 
| j ' $35,000 to $49,999 
% $50,000 to $74,999 
g $75,000 to $99,999 
£ $100,000 io $149,999 
« $150,000 to $199,999 
! | $200,000 or more 
f | Median family income (doljars) . „_ „ . . • 

Number 
102 

15,081! 
2.069:. 
1.595;. 

'2.631 
2.222;'" 

" 2,371;" 
2,566'' 

962' 
519^ 

68 ' 
_ l "78i ' . " 
'30,3527 

"16.570'' 
'41.186;. 

5.122" 
10.793 = 

1,063? 

e.MOi 
_ 7 4 6 ̂  
2,354:' 
3.358: 

"l 1.976! 

Percent. 
0.7 

i p o ^ : .' • 
ioi'i 
"17.4' 

14.7; 
'15 .7 ' 

17,0 
6.41 
3.4! 

" jo^l 

... 

76.1" 

.. (xj.: 

34.0 

' . J X ) ! 
7.0, 

"(xj.: 
4.9: 

' (X)'-
22.3! 

10,642; 
964; 
748, 

1,587 
1,685' 
1,916. 
2.289' 

860; 
476 
66! 
51 ! 

3A435; 

. . . . W. j 

9.J 
7.0' 

15.8! 
18.0 
21.'5': 

. . . 

4.5, 
0.6] 

"'"~0.51 
'1 .(X)| K •- .... 

Per capita income (dollars) " 14,959;' (X), 
fi Medfan earnings (doHars): 
H Male full-time, year-round workers 32,189" . . (X): 
J? Female full-time, year-round workers 21.332J <X), 

| POVERTY STATUS IN 1999 (below poverty level) 
j 

| | Families 1,393' (xj! 
Percent below poverty level ' w.] 13.1. 

ssWith related children under 18 years 998. " "(X)! 
£i Percent below poverty level 19.6" 
<t With related children under 5 years 456! ."" .(xj; 

Percent below poverty level (X)] 25.3' 

\_ Families with female householder, no husband present 661 " ' (X) : 

Percent below poverty level "W: . 41.7 
•1;:With related children under 18 years 543 ' (X)" 

Percent below poverty level (X ) : ' 52:9 
•'j With related children under 5 years 247 (X) 
:"! Percent below poverty level 
' i w. 72.6 

I 

Individuals 5,947 (X) 
"\ Percent below poverty level W' 15.9' 
. 18 years and over 3.983 . .. '(Xj] 

Percent below poverty level (X)." 13.9 
65 years and over 648 ..(X). 

Percent below poverty level . W.. . 11.0 
;Related children under 18 years 1.933 (X)! 

Percent below poverty level (X). . 22.0 
Related children 5 to 17 years 1,349. (X) : 

Percent below poverty level (X)" 20.1 
! Unrelated individuals 15 years and over 1,609 . (X) 



t """" " " " " 
Subject Number' Percent. 

J:]; Percent below povertyjeve! „[X): ^ .?7--A' 
(X) Not applicable. 

,q DetajieO.Occupaiion Code List (POF 42^B) 
Detailed Industry Code.Li5tiPDi:_44|<B) 

' 1 User.note on employment slatus data (PDF 63KB) 
•: Source: U.S. Census Bureau. Census 2000 Summary File 3. Matrices P30. P32. P33. P43. P46. P49, P50, P51. P52. P53. 

1 ' P5S, P62. P63. P64. P65, P67, P71. P72. P73. P74. P76. P77. P82, P87. P90. PCT47. PCT52, and PCT53 
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Introduction 
i . . i J I I I 

The Working Group 1 contribution to the IPCC Fourth 
Assessment Repon describes progress in understanding of 
the human and natural drivers of d im ate change.1 observed 
climate change, climate processes and attribution, and 
estimates of projected future climate change. Il builds 
upon past IPCC assessments and incorporates new findings 
from the past six years of research. Scientific progress 
since the Third Assessment Report (TAR) is based upon 
laree amounts of new and more comprehensive data, 
more sophisticated analyses of data, improvements in 
understanding of processes and their simulation in models 
and more extensive exploration of uncertainty ranges. 

The basis for substantive paragraphs in this Summary 
for Policymakers can be found in the chapter sections 
specified in curly brackets. 

Humanjand Natural Drivers 
i of Climate change j 

Changes in the atmospheric abundance of greenhouse 
gases and aerosols, in solar radiation and in land surface 
properties alter the energy balance of the climate system. 
These changes are expressed in terms of radiative 
forcings which is used to compare how a range of human 
and natural factors drive warming or cooling influences 
on global climate. Since the TAR, new observations and 
related modelling of greenhouse gases, solar activity, land 
surface properties and some aspects of aerosols have led 
to improvements in the quantitative estimates of radiative 
forcing. 

Global atmospheric concentrations of carbon 
dioxide, methane and nitrous oxide have increased 
markedly as a result of human activities since 1750 
and now far exceed pre-industrial values determined 
from ice cores spanning many thousands of yeare 
(see Figure SPM.1). The global Increases in carbon 
dioxide concentration are due primarily to fossil fuel 
use and land use change, while those of methane 
and nitrous oxide are primarily due to agriculture. 
{2.3,6.4,7.3J 

Carbon dioxide is thc most important anthropogenic 
greenhouse gas (see Figure SPM.2). The global 
atmospheric concentration of carbon dioxide has 
increased from a pre-industrial value of about 280 ppm 
to 379 ppm 3 in 2005. The atmospheric concentration 
of carbon dioxide in 2005 exceeds by far the natural 
range over the last 650.000 years.(180 to 300 ppm) as 
determined from ice cores. The annual carbon dioxide 
concentration growth rate was larger during the last 
10 years (1995-2005 average: 1.9 ppm per year), than 
it has been since the beginning of continuous direct 
atmospheric measurements (1960-2005 average: 1.4 
ppm per year) although there is year-to-year variability 
in growth rates. {2.3.7.3] 

The primary source of the increased atmospheric 
concentration of carbon dioxide since the pre-industrial 
period results from fossil fuel use. with land-use change 
providing another significant but smaller contribution. 
Annual fossil carbon dioxide emissions^ increased 
from an average of 6.4 [6.0 to 6.8] 5 GtC (23.5 [22.0 to 
25.0] GtCOj) per year in the 1990s to 7.2 [6.9 to 7.5] 
GtC (26.4 [25.3 to 27.5] GtC0 2 ) per year in 2000-2005 
(2004 and 2005 data are interim estimates). Carbon 
dioxide emissions associated with land-use change 

' O m a r e cflange m IPCC usage is fe is io any c i a n g e in c l imale ever t ime, wfwtner due Io na t i r a l vsrtabHiry Of as a rest i t of human activity. This usage a t t t m t rom 
thai in ihe U n t t M Nalions Frameworli Convent ion on Clirr-ale Change, where ctniBie c^^nge refers to a cnange o) c i m a t e lhat b a t t r i bu tM diroctty of indroct ty to 
human actfvity thai antra ihe compos i t ion of :ne otobal atmosphere ana that ts in aaouion to natural cl imate var iab* ty o b w r v M ov«r comparaB i * t ime p«rio<«. 

• flrtisrive forcing is a measure o l the iT fuence thai a factor has <n altering the calance of n c o m m g and o u t g c r i g ent rgy in the Ear t l va lmospta re system t n a s an 
inaen o l the importancs of the lactor as a potential cl imate Change mecnarvsm. Positive (orcmg tenOs to ivami the 5 j r tace wtnle negative forcing t o n d i to cool tt. In 
this repen. radistive forcing values are for 2005 relative to pfe-industrtaJ cohd i ions defi^Bd s i 1750 anc are e x p r u s e d in wstts per SQuare metre [W n r 1 ) . S w Glos
sary ana Ssction 2.2 tor further oeia i ls . 

• p p m (pens pe- mdhon! or ppo (parts pe ' bi l lorv '. bilbon = "..OOOiniiliooj is the 'a l io cf the n jmDef of greenhouse gas mo-ecutes to the total numtjer of molecule* of 
dry air. For example. 300 ppr . means 30C rrolecuies of a green no use gas per million moiecuies o l ary air. 

Fossil cartoon Oioxidt e mi sno ts r>cluoe those from me product ion, distnout ion and consumpt ion of fossil fuels and as a By-product from cement product ion. A n 

emission of 1 QtC correspemcs to 3.67 GtCO,-

In general, uncertainry ranges for rcsufcs given in mis Summa 'y lor Policymakers are 9 0 % uncertainty intervals unless stated otnerwise, thai is, there is an est imated 
5% ItKel lnow that the value COukJ b t abowe Ihe range given In SQjare brackets arW 5% likellnood mat tne value could be below that range. Best estimates are 
given M^crt avaJsne. Assesses uncetainty- m e - w i s are not always symmetric acoui the corresponding best (s ianate. Note thai s number of iSicertainty r i n g e i in 
:ne Worv in j Group I TAP corresponoeo to 2 stenoaro Deviations (9SW). often using expen juogement. 
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are esiimated to be I.6 [0.5 io 2.7] GtC (5.9 [1.8 to 
9.9] GtCCM per year over the 1990s, although these 
esiimaies have a large uncertainty. I "-3! 

The global atmospheric concentration of methane has 
increased from a pre-industrial value of about 715 ppb 
to 1732 ppb in the early 1990s, and was 1774 ppb in 
2005, The atmospheric concentration of methane 
in 2005 exceeds by far the natural range of the last 
650.000 years (320 to 790 ppb) as determined from ice 
cores. Growth rates have declined since the early 1990s. 
consistent with total emissions (sum of anthropogenic 
and natural sources) being nearly constant during this 
period. Jl is very Ukeh* thai the observed increase 
in methane concentration is due to anthropogenic 
activities, predominantly agriculture and fossil fuel 
use. but relative contributions from difTerent source 
types are not well determined. (2.3. 7.4 j 

The global atmospheric nitrous oxide concentration 
increased from a pre-industrial value of about 270 
ppb to 319 ppb in 2005. The growth rate has been 
approximately constant since 1980. More than a third 
of all nitrous oxide emissions are anthropogenic and 
are primarih due io agricuJture. \2.3, 7.4] 

The understanding of anthropogenic warming and 
cooling Influences on climate has improved since 
the TAR, leading to very high confidence? that the 
global average net effect of human activities since 
1750 has been one of warming, with a radiative 
forcing of +1.6 [+0.6 to +2.4] W nr 2 (see Figure 
SPM.2). {2.3., 6.5,2.9) 

• The combined radiative forcing due to increases in 
carbon dioxide, methane, and nitrous oxide is -2.30 
[-2.07 to +2.53] W nr ; . and its rate of increase 
during the industrial era is verv likely to have been 
unprecedented in more than 10.000 years (see Figures 

Figure SPM.1. Atmospheric concentrations of carbon dioxide, 
methane and nitrous oxide over the last 10,000 years (large 
panels) and since 1750 (inset panels). Measurements are shown 
from ice cores (symtwls with differQnt colours for different studies) 
and atmospheric samples (red lines). The corresponding radiative 
forcings are shown on the right hand axes of the large panefs. 
{Figure 6.4) 

*• Ir irvs Summary <ot Pobcymakftrs. irie lol lowina terms have been used 10 

indicate the assessed Kkelinooa. using expert judgement, an autcome or 

a resuft: tfrtutlty cer ta t i 1 8 8 % protjaWrty af occurrence. Extrematy liAtly > 

9 £ % . Very Mraty > 9 0 % , W e * > 5 6 % . More likety than n o ! > 5 0 % . Un/zlrely 

* 33Si . Very unbhely < 10%. Esimmeiy vnlmely <• 5% ' seeSex TS.1 lor m o t 

details). 

-" in this Summary poiicymafiers the fo lowmg (evefs of conf idence have 

beer, usee IO express expert p jdgement i or; the correctness of me uncerty-

soerce: very high confidence morBsents al teas! 3 Sou! of 10 cfiance 
of being c o r e c i : tuQft confioence rewesenU aOOut an G out o l 0 " i r i c t of 

Oeing w e c i Isee S O T TS.'J 
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S P M . l and SPM.21. The carbon dioxide radiati^'e 

forc ing increased by 2 0 % from 1995 fo 2005. ihe 

largest change for any decade in at least the last 200 

years. J 2 . j . 6 . 4 j 

Anthropogenic contr ibut ions to aerosols (pr imar i ly 

sulphate, organic carbon, black carbon, nitrate and 

dust) together produce a cool ing effect, u-ftft a total 

direct radiative forcing o f -0 .5 [ -0.9 to -0 .1 ] W n r 2 

and an indirect cloud albedo forcing o f - 0 . 7 [-1.8 to 

-0 .3J W n r 2 . These forcings are now better understood 

than ai the time o f the T A R due to improved in si tu. 

satellite and ground-based measurements and more 

comprehensive model l ing, but remain the dominant 

uncenainty in radiative forc ing. Aerosols also influence 

cloud l i fet ime and precipitat ion. [2 .4. 2.9. 7.5) 

Significant anthropogenic contr ibut ions to radiative 

forcing come from several other sources. Tropospheric 

ozone changes due to emissions o f ozone-forming 

chemicals (nitrogen oxides, carbon monoxide, and 

hydrocarbons) contribute +0.35 [+0.25 to +0.65] 

W m " ; . The direct radiative forc ing due to changes 

in halocarbons 8 is +0.34 [+0.31 to +0.37] W n W . 

Changes in surface albedo, due to land cover changes 

and deposition o f black carbon aerosols on snow, exert 

RADIATIVE FORCING COMPONENTS 

RF Terms RF values (W m"z) Spatial scale LOSU 

Long-lived ^ 
greenhouse gases 

Ozone 

Stratospheric water 
vapour from CH4 

Surface albedo 

' Direct eflect 

Total 
Aerosol j Cloud albedo 

l eflect 

Linear contrails 

; j - H Halocarbons 

Tropospheric 

1.66 [1.49 to 1.83] 

0.48 [0.43 to 0.53] 
0.16 iO.:- x.o 0.181 

-0.05 [-0.15 to 0.05] 

0.35 [0.25 to 0.65] 

0.07 [0.02 to 0.12] 

-0.2 [-0.4 to 0.0] 
0.1 [0.0 to 0.2] 

-0.5 [-0.9 to -0.1] 

-0.7 [-1.8 to-0.3] 

0.01 [0.003 to 0.03] 

Global 

Global 

Continental 
to global 

Global 

Local to 
continental 

Continental 
to global 

Continental 
to global 

Continental 

High 

High 

Med 

Low 

Med 
• Low 

Med 
- Low 

Low 

Low 

Solar irradiance 0.12(0.06 to 0.30] Global Low 

Total net 
anthropogenic 

1.6 [0.6 to 2.4] 

- 2 - 1 0 1 2 
Radiative Forcing (W m"2) 

Figure SPM.2. G/o£>a< average radiative forcing (RF) estimates and ranges in 2005 for anthropogenic carbon dioxide {C02), methane 
iCHjX nitrous oxide (Nfi) and other important agents and mechanisms, together with the typical geographical exrent (spatiai scale) of 
the forcing and the assessed level of scientific understanding (LOSU). The net anthropogenic radiative forcing and its range are alsc 
shown. These require summing asymmezric uncertainty estimates from the component terms, and cannot be obtained by simple addition. 
Adaitionai forc/ng factors not included here are considered to have a very low LOSU. Volcanic aerosols contribute an addltionai natural 
forcing Out are net included in this figure due to their episodic nature. The range for linear contrails does not include other possible effects 
ot aviation on cloudiness. {2.9, Figure 2.20} 

' haccauon raoiatrve loiciTf nas Beer, recently sssetsec n oeiaii n iPCC 's Soecai Report on Safegjarcmp ihe O;oiw Liyer ana rne G'ocai Ck/rmtt System (2005), 
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respective forcings of-0.2 |-0.4 lo 0.0] and -K).l [0.0 
to -r0.2] W m-;. Additional terms smaller than ±0.1 W 
m--' are shown in Figure SPM.2. 12.3. 2.5. 1.2] 

Changes in solar irradiance since 1750 are estimated 
to cause a radiative forcing of +0.12 [+0.06 to +0.30] 
W n r 2 . which is less than half the estimate given in the 
TAR. {2.71 

Direct Observations of Recent' 
Climate .Change 

Since the TAR, progress in understanding how ciimatg is 
changing in space and in time has been gained through 
improvements and extensions of numerous datasets and 
data analyses, broader geographical coverage, better 
understanding of uncertainties, and a wider variety of 
measurements. Increasingly comprehensive observations 
are available for glaciers and snow cover since the 1960s, 
and for sea level and ice sheets since about the past 
decade. However, data coverage remains limited in some 
regions. 

Warming of the climate system is unequivocal, as Is 
now evident from observations of increases in giobai 
average air and ocean temperatures, widespread 
melting of snow and ice, and rising global average 
sea level (see ftgure SPM.3J. {3.2,4.2,5.5} 

Eleven of the last twefv e s ears f 1995-2006) rank among 
the 12 warmest years in the instrumental record of 
global surface temperature0 (.since 1850). The updated 
) DO-year linear trend (1906 to 2005) of 0.74oC I0.56oC 
to 0.92CC] is therefore larger than the corresponding 
trend for 1901 to 2000 given in the TAR of 0.6CC 
[ O ^ C to O.S'C]. The linear warming trend o\er the 
last 50 years fO.I30C [0. l0 oC to 0.!6 eC] per decade) 
is nearty twice that for (fie last 100 years. The total 
temperaoire increase from 1850-1899 to 2001-2005 is 
0.76eC [0.57CC to 0.95oC]. Urban heal island effects 
are real but local, and have a negligible influence < less 
than 0.006oC per decade over land and zero over the 
oceans) on these values. '3.2! 

• New analyses of balloon-borne and satellite 
measurements of lower- and mid-iropospheric 
lemperaiure show tvarming rates lhat are similar 
to those of the surface temperature record and are 
consistent within their respective uncertainties, largely 
reconciling a discrepancy noted in the TAR. |3.2. 3.4J 

* The average atmospheric water vapour content has 
increased since at least the )980s over land and ocean 
as well as in the upper troposphere. The increase is 
broadly consistent with the extra water vapour lhat 
warmer air can hold. [3.4! 

• Observations since 1961 show that the average 
temperature ofthe global ocean has increased to depths 
of at least 3000 m and that the ocean has been absorbing 
more than 80% ofthe heat added to the climate system. 
Such warming causes seawater to expand, contributing 
to sea level rise (see Table SPM-H [5.2. 5.5) 

• Mountain glaciers and snow cover have declined on 
average in both hemispheres. Widespread decreases 
in glaciers and ice caps have contributed to sea level 
rise (fee caps do noi include contributions from the 
Greenland and Antarctic Ice Sheets'). (See Table 
SPM.l.) (4.6.4.7.4.8.5.5! 

1 New data since the TAR now show that losses from 
the ice sheets of Greenland and Antarctica have verv 
likely contributed to sea level rise over 1993 to 2003 
(see Table SPM. 1). Flow speed has increased for some 
Greenland and Antarctic outlet glaciers, w hich drain ice 
from the interior of the ice sheets. The corresponding 
increased ice sheet mass loss has often followed 
ihinning. reduction or loss of 'ice sbehes or )oss of 
floating glacier tongues. Such dynamical ice loss is 
sufficient to explain most of the Antarctic net mass 
loss and approximately half of the Greenland net mass 
loss. The remainder of thc ice loss from Greenland has 
occurred because losses due to melting have exceeded 
accumulation due to snowfall. (4.6. 4.8. 5.51 

Global average sea ievel rose at an a\eraee rate of ) .8 

[1.3 to 2.3] mm per year over 1961 to 2003. The rate 

uas faster over 1993 to 2003: about 3.1 [2.4 to 3.8] 

mm per _\ ear. Whether ihe faster rate for 1993 to 2003 

reflects decadal variability or an increase in the longer-

term trend is unclear. There is high confidence that 

1 The average o! near-s^tece tir tempe'atjre over la.TC ana sea Surface ternoerature. 
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CHANGES IN TEMPERATURE, S E A LEVEL AND NORTHERN HEMISPHERE SNOW COVER 
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Figure SPM.3. Observed changes in (a) global average surface temperature, (b) global average sea level from tide gauge (blue) and 
satellite (red) data and (c) Northern Hemisphere snow cover for March-April. Alt changes are relative to corresponding averages for 
me period 1961-1990, Smoothed curves represent decadal average values while circles show yearly values. The shaded areas are the 
uncertainty intervals esiimated from a comprenensive analysis of known uncertainties (a and b) and from the time series (c). (FAQ 3.1, 
Figure 1, Figure 4.2. Figure 5. IS} 
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Summary for Policymakers 

ihe rate o f observed sea le \c l rise increased from ihe 

19th to ihe 20th c e m u n . The total 20ih-centur> rise is 

estimated fo be 0.17 JO. 12 to 0.22] m. ,'5.5; 

For 1993 to 2003. the sum o f t h e cl imate contributions 

is consistent wi th in uncertainties wi th the total sea level 

rise thai is directly observed (see Table SPM. l )• These 

estimates are based on improved satellite and in situ 

data now available. For the period 1961 to 2003. the 

sum o f cl imate contributions is estimated to be smaller 

than the observed sea level rise. The TAR reported a 

similar discrepancy for 1910 to 1990. 15.51 

Satellite data since 1978 show that annual average 

arctic sea ice e.vtent has shrunk b\ 2.7 [2.1 to 3 .3 ]% 

per decade, wi th larger decreases in summer o f 7.4 [5.0 

to 9.8]% per decade. These values are consistent wi th 

those reported in the TAR. [ 4 . 4 ] 

Temperatures at the top o f t h e permafrost layer have 

generalK increased since the 1980s in the Arct ic lb> 

up to ) a Q ) . The maximum area covered by seasonally 

frozen ground has decreased by about 7% in the 

Northern Hemisphere since 1900. wi th a decrease in 

spring o f up to 15%. [4.7} 

At continental, regional and ocean basin scales, 

numerous long-term changes in cJi/nate have 

been observed. These Include changes In arctic 

temperatures and ice, widespread changes In 

precipitation amounts, ocean salinity, wind patterns 

and aspects of extreme weather Including droughts, 

heavy precipitation, heat waves and the Intensity of 
tropical cyclones.10 (3.2,3.3,3.4,3.5,3.6,5.2} 

• Average arctic temperatures increased at almost twice 

the global average rate in the past 100 years. Arct ic 

temperatures have high decadal var iabi l i ty, and a warm 

period was also observed from 1925 to 1945. (3,2} 

Long-ierm trends from 1900 to 2005 have been observed 

in precipitation amount over many large regions." 

Significantly increased precipi tat ion has been observed 

in eastern pans o f North and South Amer ica, northern 

Europe and northern and central Asia. Dry ing has been 

observed in the Sahel. che Mediterranean, southern 

Afr ica and parts o f southern Asia. Precipitation is 

highly variable spatially and temporally, and data are 

l imited in some regions. Long-term trends have not 

been observed for the other large regions assessed." 

/3.3. 3.9; 

Changes in precipitation and evaporation over the 

oceans are suggested by freshening o f mid- and high-

latitude waters together w i th increased saJinity in low-

latimde waters. {5.2J 

Table SPM.l. Observed rare of sea level rise and estimated contributions from different sources. {5.5, Table 5.3) 

i -••<• '•' V ft • f F-.'-i- h: -•; 
Source of sea level rise;: • j.-> 
f t , . . i l l t I B ' V I 1 . - ' I . ' .V . .1 •' 1 t 

Thermal expansion 

Glaciers and ice caps 

Greenland Ice Sneei 

Antarctic Ice Sheet 

Sum of indrvidual climate 
contributions to Sea level n'se 

Observed total sea level rise 

Difference 
(Observed minus sum of 
estimated climale contributions) 

,: f ; i Ra te of s e a level rise (mm per year) 

196172003 J 1993-2003 

0.42 

0.50 

0.05 

0.14 

= 0.12 

5:0.18 

4 0.12 

s O.dl 

= C.5 

l.E : 0.5* 

0.7 s 0.7 

Table note: 
' Data prior to '.993 are from iKle gauges anC after 1993 are (rom saielirte a'timeiry, 

1.6 ±0.5 

0.77 x 0.22 

0.21 ±0.07 

0.21 ± 0.35 

2.8 ± 0,7 

3.1 : 0.7* 

0.3 ± 1.0 

' 6 Tropical Cyclones inct-Oe numcane* aia typnoons. 

"' Tne aisesseo regions art iftose coisioeree n me regional profeciwn* cfiapter of t r * TAfi anc in Ciapfer 11 of mil feporc. 



Summary (o r Polfcymaker* 

Mid-latiiucte westerly winds have strengthened in both 
hemispheres since the 1960s. !3.5j 

More intense and longer droughts have been observed 
oxer wider areas since the 1970s, particularly in the 
tropics and subiropics. Increased drying linked with 
higher temperatures and decreased precipitation has 
contributed to changes in drought Changes in sea 
surface temperatures, wind patterns and decreased 
snowpack and snow cover have also been linked to 
droughts. {3.3} 

The frequency of hea\-y precipitation events has 
increased overmosi land areas, consistent with warming 
and observed increases of atmospheric w ater vapour. 
J3.8.3.9! 

Widespread changes in extreme temperatures have been 
observed over the last 50 years. Cold days, cold nights 
and frost have become less frequent, while hot days, 
hot nights and heat waves have become more frequent 
(see Table SPM.2). 13.8} 

Table SPM.2. Recent trends, assessment of human influence on the trend and projections for extreme weather events for which there 

is an observed tate~20th century trend. {Tables 3.7, 3.8, 9.4; Sections 3.8, 5.5, 9.7, 11.2-11.9} 

•.'t •: sf , 1 1 • -t 
'fl;. • 

', Phenomenon 3 and 
-Idirecttbn of trend 1 

' • • I . •• . ' 

:i\ ': .:. , M . l t 

1 ' V i I f * i 
, Uhelihood that Irenfl \ ' 
' occurred in late 20th . 

| century (typically 

} j . .pastiai* . 

i '• i • i 
A 'J l i ke l ihood of a . 

. \- human contribution ' 
•< ' t o observed trend 1 ' 

l i ke l ihood of future trends 
based on projections for 
4 21st century using • 
J SUES scenarios ' 

Warmer and fewer cotd .' 
days and nights over 
most land areas 

! ^ery likely* Likely0 Virtually certain" 

Wanner and more frequent 
hot days and nfghts over 
most land areas 

l 
Very likely* 

i 
Ukely fnights)0 Virtually certain" 

Warm spelts/beat waves; 
Frequencyjncreases over 
most land areas 

i 

j Ukely More likely than nop Very Dkely 

Heavy precipitation events. 
Frequency (or proportion of 
total rainfall from heavy fails) 
increases over most areas i ! 

More likely than not' Very likely 

Area affected by 
droughts increases 

Likefy in many 
; regions since 19703 More likely than not Ukely 

Intense tropical cyclone 
activity increases 

Likely in some 
regions since 1970 More likely than not1 Likely 

Increased incidence of 
extreme high sea level 
(excludes tsunamis}^ 

Ukely More likely than not'n 

Likely 

Taoie noies: 

* See Table 3.7 f v further delate regarding definitions. 
* See TsWff 7S.4. Be TS.5 am} Table 9.4. 

c Decreased freQuency o! coW day* and rights (coiaest 10%). 
= Warming of the .most extreme days ana nights each year. 
' Increased freouency of ho! days and nights (honest '0%). 

' Magnitude o' anthropogen'C comnbutions not assessec. AnnDution lor inese onenomer.a osseo on expert juage-nent ratnsr than (ormai annaution 
studies. 

t E)rtreme high sea level depends on average sea level and on .-egkr-al weather systems. It is defined riere as the highest 1% of hourly values of ob-
serveo sea level at a stai'on for a given reference penoc. 

* Ctanges in observec emreme hign sea level closely foftow me changes m average sea tevei. (5.5) (t is very hfteiy tfiat anthropogenic aaivity contnouiec 
to a rise m average sea ieve'. (9.5) 

In al! scenaios. the Dro;eeiec gwnai average sea level at 2~X is mgher ihan ir. ihe rete/ence cenod. ('.G.6j The effect of changes in regons! weather 
svster^s on see level extremes has not oeen assesseo. 



Summary for Polkymakors 

• There is observational evidence for an increase in 
intense tropica! c> clone acu'vitv in the North Atlantic 
since about 1970. correlated with increases of tropical 
sea surface temperatures. There are also suggestions 
of increased intense tropical cyclone activity in some 
other regions where concerns over data qualm are 
greater. Multi-decadal variability and the quality of 
the tropical cyclone records prior to routine satellite 
observations in about 1970 complicate the detection 
of long-term trends in tropical cyclone activity. There 
is no clear trend in the annual numbers of tropica) 
cyclones. 13.8! 

Some aspects of climate have not been observed to 
change. {3.2,3.8,4.4, 5.3} 

A decrease in diurnal temperature range (DTR) was 
reported in the TAR. but the data available then extended 
only from 1950 to 1993. Updated observations reveal 
that DTR has not changed from 1979 to 2004 as both 
day- and night-time temperature have risen at about 
the same rate. The trends are highly variable from one 
region to another. J3.2f 

Antarctic sea ice extent continues to show interannual 
variability and localised changes but no statistically 
significant average trends, consistent with the lack 
of warming reflected in atmospheric temperatures 
averaged across the region. !3.2. 4.4! 

There is insufficient evidence to determine whether 
trends exist in the meridional ov erturning circulation 
(MOO ofthe global ocean or in small-scale phenomena 
such as tornadoes, hail, lightning and dust-storms. 
(3.8.5.31 

A Palaeoclimatic Perspective 

Pataeoclimatic studies use changes in cllmaticaJty sensitive 

indicators to infer past changes in global climate on time 

scales ranging from decades to millions of years. Such proxy 

data (e.g., tree ring width) may be influenced by both local 

temperature and other factors such as precipitation, and 

are often representative of particular seasons rather than 

full years. Studies since the TAB draw increased confidence 

from additional data showing coherent behaviour across 

multiple indicators in different parts of the world. However, 

uncertainties generally increase with time into the past due 

to increasingly limited spatial coverage. 

Palaeoclimatic information supports the inter
pretation that the warmth of the last half century 
is unusual in at least the previous 1,300 years. 
The last time the polar regions were sfgnificantty 
warmer than present for an extended period (about 
125,000 years ago), reductions in polar ice volume 
led to 4 to 6 m of sea level rise. (6.4,6.6) 

• Average Northern Hemisphere temperatures during the 
second half of the 20tb century were very likely higher 
than during any other 50-year period in the last 500 
years and likely the highest in at least the past 1.300 
years. Some recent studies indicate greater variabiiity 
in Northern Hemisphere temperatures than suggested 
in the TAR, particularly finding that cooler periods 
existed in the 12th to 14th. 17th and 19th cenruries. 
Warmer periods prior to the 20th century are within the 
uncertainty range given in the TAR. (6.6| 

Global av erage sea level in the last interglacial period 
(about 125.000 vears ago) was likely 4 to 6 m higher 
than during the 20th century, mainly due to the retreat 
of polar ice. Ice core data indicate that average polar 
temperatures at that time uere 30C to 50C higher than 
present, because of differences in the Earth's orbit. The 
Greenland Ice Sheet and other arctic ice fields likely 
L'ontributed no more than 4 m of the observed sea level 
rise. There may also have been a contribution from 
Antarctica. {6.4j 



Summary lor Polkymakan 

Uriderstandingjand [Attributing 
{ . Climate'Change 

TTifS assessment considers longer and improved records, 

an expanded range of observations and improvements in 

the simulation ol many aspects of climate and its variability 

based on studies since the TAB. tt also considers the results 

of new attribution studies that have evaluated whether 

observed changes are quantitatively consistent with the 

expected response to external forcings and inconsistent 

with aitemative physically plausible explanations. 

Most of the observed increase in global average 
temperatures since the mid-20th century is very 
Ukely due to the observed Increase in anthropogenic 
greenhouse gas concentrations.12 This is an 
advance since the TAR'S conclusion that "most of 
the observed warming over the last 50 years fs Ukely 
to have been due to the increase In greenhouse gas 
concentrations". Discernible human influences 
now extend fo other aspects of climate, fncfuding 
ocean warming, continental-average temperatures, 
temperature extremes and wind patterns (see 
Figure SPM.4 and Table SPM.2). (9.4,9.5) 

Il is likely thai increases in greenhouse gas 
concentrations alone would have caused more 
warming than observed because volcanic and 
anthropogenic aerosols have offset some warming that 
would otherwise have taken place. J2.9. 7.5. 9.4) 

The observed widespread warming ofthe atmosphere 
and ocean, together with ice mass loss, support the 
conclusion that it is extremely unlikely that global 
climate change ofthe past 50 >ears can be explained 
without external forcing, and vm' likely that it is not 
due to known natural causes alone. {4.8. 5.2. 9.4. 9.5. 
9.7} 

• Warming of the climate system has been detected in 
changes of surface and atmospheric temperatures in 
the upper several hundred metres of the ocean, and 
in contributions to sea level rise. Attribution studies 
have established anthropogenic contributions to all of 
these changes. The observed pattern of tropospheric 
warming and stratospheric cooling is very likely due to 
the combined influences of greenhouse gas increases 
and stratospheric ozone depletion. {3.2. 3.4. 9.4. 9.5 J 

• It is likely that there has been significant anthropogenic 
warming over the past 50 years averaged over each 
continent except Antarctica (see Figure SPM.4). 
The observed patterns of wanning, including greater 
warming over land than over the ocean, and their 
changes over time, are only simulated by models that 
include anthropogenic forcing. The ability of coupled 
climale models io simulate the observed temperature 
evolution on each of six continents provides stronger 
evidence of human influence on climale than was 
available in the TAR. j 3.2. 9.4 J 

1 Difficulties remain in reliably simulating and attributing 
observed temperature changes a! smaller scales. On 
these scales, natural climate variability1 is relatively 
larger, making il harder to distinguish changes expected 
due to external forcings. Uncertainties in local forcings 
and feedbacks also make it difficult lo estimate the 
contribution of greenhouse gas increases to observed 
small-scale temperature changes. (8.3. 9.4! 

Anthropogenic forcing is likely to have contributed 
to changes in wind patterns.13 affecting extra-
tropical storm tracks and temperature patterns in 
both hemispheres. However, the observed changes in 
the Northern Hemisphere circulation are larger than 
simulated in response to 20th-cemury forcing change. 
•3.5.3.6.9.5. 10.3! 

Temperatures of the most extreme hot nights, cold 
nights and cold days are likely to have increased due 
to anthropogenic forcing. It is more Ukely ihan not that 
anthropogenic forcing has increased the risk of heat 
waves (see Table SPM.2). {9.4! 

' : Con*aeration Of 'erarv ig -jrcer.ar.xy a bateo on current mftnoooiogici. 

•* In canicular, me SOJiner. too Northern Annular Moaes anc relaiec changes in me Norm Atiamk: Osci»a:ion. (3.6. 9.5, Bo» TS.2) 

10 
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GLOBAL AND CONTINENTAL TEMPERATURE CHANGE 

Global Global Land Global Ocean 

modvts using both natural and enlhropoganic forcings ftlPCC 2007:WG;-AR4 

Figure SPM.4. Comparison ot observed continental' and global-scale changes in surface temperature with results simulated by climate 
models using natural and anthropogenic forcings. Decadal averages of observations are shown tor the period 1906 to 2005 (black line) 
plotted against the centre of the decade and relative to the conesponding average for 1901-1950. Lines are dashed where spatial 
coverage is less than 50%. Blue shaded bands show the 5-95% range for 19 simulations from five climate models using only the natural 
forcings due lo solar activity and volcanoes. Red shaded bands show the 5-95% ran^e for 58 simulations from 14 climate models using 
both natural and anthropogenic forcings. {FAQ 9.2. Figure 1) 

11 
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ll 

Analysis of climate models together with 

constraints from observations enables an assessed 

likely range to be given for climate sensitivity for 

the first time and provides increased confidence in 

the understanding of tha climate system response 

to radiative forcing. {6.6,8.6,9.6, Box 10.2) 

The equilibrium climate sensitivity is a measure of the 
climate system response to sustained radiative forcing. 
It is not a projection but is defined as the global average 
surface warming following a doubling of carbon 
dioxide concentrations. It is likely to be in the range 
2 0 C to 4.50C with a best estimate of about 3 0C. and is 
very unlikely to be Jess than ).5 0C Values substaniialb 
higher than 4.50C cannot be excluded, but agreement 
of models with observations is not as good Tor those 
values. Water vapour changes represent the largest 
feedback affecting climate sensitivity and are now 
better understood than in the TAR. Cloud feedbacks 
remain the largest source of uncertainty. 18.6. 9.6. Box 
10.2} 

It is very- unlikely that climate changes of at least the 
seven centuries prior to 1950 were due to variahilin 
generated within the climate system alone. A significant 
fraction of the reconstructed Northern Hemisphere 
inter-decadal temperature variability over those 
centuries is very likely attributable to volcanic eruptions 
and changes in solar irradiance. and it is likely that 
anthropogenic forcing contributed to the earlv 20th-
century warming evident in these records. 12.7. 2.8. 
6.6, 9.3} 

Projections]of Future 
Changes iri Climate 

A major advance of this assessment of climate change 
projections compared with the TAB is the large number of 
simulations available from a broader range of models. Taken 
together with additional information from observations, 
these provide a quantitative basis for estimating likelihoods 
for many aspects of future climate change. Model 
simulations cover a range of possible futures including 
idealised emission or concentration assumptions. These 
include SRES'* illustrative marker scenarios for the 2000 
to 2100 period and model experiments with greenhouse 
gases and aerosol concentrations held constant after year 
2000 or 2100. 

For the next two decades, a warming of about 
0.2oC per decade is projected for a range of SRES 
emission scenarios. Even tf the concentrations of 
all greenhouse gases and aerosols had been kept 
constant at year 2000 levels, a further wanning of 
about O.rC per decade would be expected. {10.3, 
10.7) 

• Since IPCC's first report in 1990. assessed projections 
have suggested global average temperature increases 
between about 0.150C and 0.3 0 C per decade for 1990 to 
2005. This can now be compared with observed values 
o f about 0.2oC per decade, strengthening confidence in 
near-term projections. {1.2. 3.2,' 

• Model experiments show that even i f all radiative 
forcing agents were held constant at year 2000 levels, 
a funher "arming (rend would occur in ihe next mo 
decades at a rate of about 0.1X per decade, due mainly 
to the slow response of the oceans. About twice as 
much warming (0.2 :C per decade) would be expected 
i f emissions are within the range of the SRES scenarios. 
Best-estimate projections from models indicate 
that decadal average warming over each inhabited 
continent by 2030 is insensitive to the choice among 
SRES scenarios and is very likely to be at least twice 
as large as the corresponding model-estimated natural 
variability during the 20th century. !9.4. 10.3. 10.5. 
JJ.2-11.7. FigureTS-29! 

1 2 

: S B E S t i e r * io t n e J P C C S w c a ' f l e p c i or. Ermssjcr. Scenanoi IJOOOJ. The S R E S sceoano i a m i e t ano A j s i r a i * * cases , w i ich tS<a noi n c t M t aocittonat ctr .a ie 
.n.tiatfves. are w m n a r ^ e a in • DC' al Ifie end of i r is Summar} 'or Policyr^aiiors. Aporoximaie caroor o n i i a e eaorvaJer.S cone e n rations ciyrespooong :o tnt 
conputec raamive lorcng cue io emtvopogeriic greenrwuse cases anc aerosote «i 2 t00 ise* p. 823 of me TAfi) toi me S R E S B l . A'.T, 62 . A i B . A2 ana A'.FI 
Native marker scenarios are about G00. 700. 600. 650. 1250 and i .550 pprr respectively. Scenarios B l . A ' E ano A2 nave been the locus Ol moCel inteto^sarrsor. 
ssud-es and many of tfws* (tiutti are a s i e s s e c in thii repor-.. 



w 
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Continued greenhouse gas emissions at or above 
current rates would cause further warming and 
induce many changes In the global climate system 
during the 21st century that would very likely be 
larger than those observed during the 20th century. 
{10.3] 

1 Advances in climate change modelling now enable 
best estimates and Ukely assessed uncertainty1 ranges to 
be given for projected warming for different emission 
scenarios. Results for different emission scenarios are 
provided explicitly in this report to avoid loss of this 
policy-relevant information. Projected global average 
surface warmings for the end of the 21sJ cemury 
(2090-2099) relative to 1980-1999 are shown in Table 
SPM.3. These illustrate the differences between lower 
and higher SRES emission scenarios, and the projected 
warming uncertainty associated with these scenarios. 
110.5] 

Best estimates and likely ranges for global average 
surface air wanning for six SRES emissions marker 
scenarios are given in this assessment and are shown 
in Table SPM.3. For example, the best estimate for 
the low scenario (Bl) is 1.8CC [likely range is 1.1CC 
to 2.9'>C). and the best estimate for the high scenario 

(AlFI) is 4.0*0 [likely range is 2.-l0C to 6.40C). 
Although these projections are broadly consistent with 
the span quoted in the TAR (1.40C to 5.8CC). the\ are 
not directly comparable (see Figure SPM.5). The Fourth 
Assessment Report is more adv anced as it provides best 
estimates and an assessed likelihood range for each of 
the marker scenarios. The new assessment ofthe likely 
ranees now relies on a larger number of climate models 
of increasing complexity and realism, as well as new 
information regarding the nature of feedbacks from the 
carbon cycle and constraints on climate response from 
observations. ! 10.5 J 

Warming lends to reduce land and ocean uptake of 
atmospheric carbon dioxide, increasing the fraction of 
anthropogenic emissions that remains in the atmosphere. 
For the A2 scenario, for example, the dim ate-carbon 
cycle feedback increases the corresponding global 
average warming at 2100 by more than 10C. Assessed 
upper ranges for temperature projections are larger 
than in the TAR (see Table SPM.3) mainly because 
the broader ranee of models now available suggests 
stronger climate-carbon cycle feedbacks. {7.3. 10.SJ 

Model-based projections of global average sea lev el 
rise at the end of the 21st century I209O-2099) are 
shown in Table SPM.3. For each scenario, the midpoint 
of the range in Table SPM.3 is within 10% of the 

Table SPM.3. Projected global average surface warming and sea level rise at the end ofthe 21st century. {10.5, 10.6, Table 10.7) 

| i ' 1 ] ' TeinperatureChange}-;' .-•;! . 
4CC at 2090-2099 relative to 19S0-1999)a~ 

.1 I':-- - •!••. ••• • , -? •-
i I • Best; lUke ty \ ; 

I L ^ l i m 3 j o ; ... grange ^ ' 

' Sea Level Rise 
Im a i 2D90-2D99 relative to 19SO-1999) 

Model-based range excluding future 
rapid dynamical changes in tee flow 

Constant Year 2000 
concentrations6 

0.6 0.3 - 0.9 WA 

Bi scenario 1.8 i . i - 2 . 9 0.18-0.38 

AT T scenario 2.1 l.d -3 .8 0.20 - 0.45 

82 scenario 2A I.d -3 .8 C.20 - 0.43 

A 'B scenario 2.B t.7 -4 .d 0.21 - 0.48 

A2 scenario 3.<i 2.0 - 5.4 0.23-0.51 

AlFI scenario 4.0 2A - 6.C 0.26-0.59 

TaBie noies: 
• These esurr^ies are assesseo from a hierarchy of noce i i tha; encompass e simple dimaie model, several Earth Sysiem Models ol Intermediate 

Complexity ana a large nunber 0' Atmosphere-Ocean General Circulation Models lAOGCMsl. 
" Year 2000 constant composition is derived (torn ACGCUs only. 
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Figur* SPM.5. Solid lines are multi-model global averages of surface warming (relative to 1980-1999) forthe scenarios A2, A18 and Bl, 
shown as continuations of the 20th century simulations. Shading denotes the ± 7 standard deviation range of individual model annual 
averages. The orange line is for the experiment where concentrations were held constant at year 2000 values. The grey bars at right 
indicate the best estimate (solid line within each bar) and the likefy range assessed for the six SRES marker scenarios. The assessment of 
the best estimate and likely ranges in the grey bars includes the AOGCMs in the left part of the figure, as well es results from a hierarchy 
of independent models and observational constraints. (Figures 10.4 and 10.29} 

T A R model average tor 2090-2099. The ranges are 

narrower than in the TAR mainly because o f improved 

information about some uncertainties in the projected 

contr ibut ions. 1 J {10 .6 ! 

Models used to date do not include uncertainties in 

climate-carbon cycle feedback nor do the\ include 

the full effects o f changes in ice sheet flow, because a 

basis in published literature Is lacking. The projections 

include a contribution due to increased ice flow f rom 

Greenland and Antarctica at the rates obsened for 1993 

to 2003. but these f low rates could increase or decrease 

in the future. For example, i f this contr ibution were to 

grow linear)) with global a\erage temperature change. 

the upper ranees o f sea level rise for SRES scenarios 

shown in Table SPM.3 would increase by 0.1 to 0.2 m. 

Larger values cannot be excluded, but understanding o f 

these effects is too l imi ted to assess their l ikel ihood or 

provide a best estimate or an upper bound for sea level 

rise. {10.61 

Increasing atmospheric carbon dioxide concentrations 

lead to increasing acidif ication o f the ocean. Projections 

based on SRES scenarios give reductions in average 

global surface ocean p H 1 6 o f between 0.14 and 0.35 

units o \e r the 21st cen tun . adding to the present 

decrease o f 0.1 units since pre-industrial times. f5.4. 

Box 7.3. 10.4! 

• iTAR v a j e c t m s were ^ a d e lor 2'0Q. v i r e t e i i projecsions in ihis 'eport are for 2090-2099. The TAfl w o j l d h i ve fiad similar ranges lo those inTaWe SPM.3 it it hao 
t ieateo jnce^a in t .e : n n * same *«y . 

' 0 « c r e u n n pH co i re ipo^a to m c r e u c s in a o c t y o< a sokRion. See Glossary l a t j r t ne i oeiaus-

1 4 
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There Is now higher confidence in projected patterns 

of warming and other regional-scale features, 

including changes in wind patterns, precipitation 

and some aspects of extremes and of ice. {8.2,8.3, 

8.4, 8.5,9.4,9.5,10.3,11.1} 

• Projected warming in the 21st century shows scenario-

independent geographical patterns similar to those 

observed over the past several decades. Warming is 

expected to be greatest over land and at most high 

northern latitudes, and least over the Southern Ocean 

and pans of the Morth Atlantic Ocean (see Figure 

SPM.6). (10.3} 

• Snow cover is projected to contraa. Widespread 

increases in thaw depth are projected over most 

permafrost regions. 110.3. I0.6J 

• Sea ice is projected to shrink in both the Arctic and 

Antarctic under all SRES scenarios. In some projections, 

arctic late-summer sea ice disappears almost entirely 

by the latter part of the 21 si century. ! 10.3 i 

• It is very likely lhat hot extremes, heat wax es and heavy 

precipitation events will continue to become more 

frequent. i l0.3{ 

• Based on a range of models, it is likely that future 

tropical cyclones n>phoons and hurricanes) will 

become more intense, with larger peak wind speeds 

and more heav) precipitation associated with ongoing 

increases of tropical sea surface temperatures. There is 

less confidence in projections of a global decrease in 

numbers of tropical cyclones. The apparent increase 

in the proportion of very intense storms since 1970 in 

some regions is much larger than simulated by current 

models for that period. 19.5. 10.3.3.8) 

2-5 
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PHOJECTIONS OF SURFACE TEMPERATURES 

2020 - 2029 2090 - 2099 

A1B 

- 1 0 1 2 3 1 5 6 7 

GtoOal Average Surface Temperature Change ('C) 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6. 
CC) 

5 7 7.5 

Figure SPM.6. Projecred surface temperature changes tor me eany and late 21st century relative rc the penod 1980-1999. The central 
and right panels show the AOGCM multi-model average projections for the Bl (top), AlB (middle) and A2 (bottom) SRES scenarios 
averaged over the oecades 2020- 2029 (centre) and 2090-2099 (right). The left panels show corresponding uncertainties as the relative 
probabilities of estimated giooal average warming from several different AOGCM and Earth System MoOel of Intermediate Complexity 
studies for th& same periods. Some studies present results only for a subset of the SRES scenarios, or for various model versions. 
Therefore the difference in the number of curves shown in the left-hand panels is due only to differences in the availability of results. 
{Figures 10.8 nnd 10.28) 
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multi-model 

PROJECTED PATTERNS OF PRECIPITATION CHANGES 

A1B DJF multi-model A1B JJA 

1 

-20 -10 -5 

Figure SPM.7. Ralative changes in precipitation fin percent) tor the period 2090-2099. relative to 1980-1999. Va/ues are multi-model 
averages based on the SRES AlB scenario for December to February (left) and June to August (right). White areas are where less than 
66% of the models agree in the sign of the change and stippled areas are where more than 90% of the models agree In the sign of the 
change. (Figure 10.9} 

* Extratropical storm tracks are projected to move 

poleward, with consequem changes in wind, 

precipitation and temperature panems. continuing the 

broad pattern of obsen ed trends over the last half-

centurv {3.6. 10.3,' 

- Since the TAR. there is an improving understanding 

o f projected panems of precipitation. Increases in the 

amount of precipitation are very likely in high latitudes, 

while decreases are likely in most subtropical land 

regions (by as much as about 20% in the A I B scenario 

in 2100. see Figure SPM.?!. continuing obsened 

patterns in recent trends. [3.3. 8.3. 9.5. 10.3. 11.2 to 

11.9] 

Based on current model simulations, it is very likely that 

the meridional overturning circulation (MOC) of the 

Atlantic Ocean wilf slow down during the 21 st century. 

The mulli-mode] average reduction by 2100 is 25% 

(range from zero to about 50%) for SRES emission 

scenario A l B . Temperatures in the Atlantic region 

are projected to increase despite such changes due to 

the much larger warming associated with projected 

increases in greenhouse gases. It is very unlikely that 

ihe MOC will undergo a large abrupt transition during 

the 2Isi century. Longer-term changes in the MOC 

cannot be assessed with confidence. 110.3. 10.7! 

Anthropogenic warming and sea level rise would 
continue for centuries due to the time scales 
associated with climate processes and feedbacks, 
even if greenhouse gas concentrations were to be 
stabilised. {10.4,10.5,10.7} 

Climate-carbon cycle coupling is expected to add 

carbon dioxide to the atmosphere as the climale system 

warms, but the magnitude of this feedback is uncertain. 

This increases the uncertainty in the trajectory of 

carbon dioxide emissions required to achieve a 

particular stabilisation level of atmospheric carbon 

dioxide concentration. Based on current understanding 

of climate-carbon cycle feedback, model studies 

suggest that to stabilise at 450 ppm carbon dioxide 

could require that cumulative emissions over the 2lsi 

century be reduced from an average of approximately 

670 (630 to 710] GtC (2460 {2310 to 2600] GtCO,) to 

approximately 490 [375 to 600] GtC (1800 [1370 to 

2200] GtCO,). Similarly, to stabilise at 1000 ppm. this 

feedback could require that cumulative emissions be 

reduced from a model average of approximately 1415 

11340 to 1490] GtC 15190 [4910 to 5460] GtC0 2 ) to 

approximately 1100 [980 to 1250] GtC (4030 [3590 to 

4580] GiCO :). '7.3. 10.4! 
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I f radiative forcing were to be stabilised in 2100 at B l 

or A l B levels1* a funher increase in global average 

temperature of about O.S'C would still be expected, 

mosth by 2200. !10.7} 

are comparable to those inferred for the last interglacial 

period 125.000 years ago. when palaeoclimatic 

information suggests reductions of polar land ice extent 

and 4 to 6 m of sea level rise. {6.4. 10.7 J 

I f radiative forcing were to be stabilised in 2100 at A l B 

levelsH. thermal expansion alone would lead to 0.3 to 

0.8 m of sea level risebv 2300 (relative to 1980-1999). 

Thermal expansion would continue for man\ centuries, 

due to the time required to transpon heat into the deep 

ocean. | I 0 .7 ; 

Dynamical processes related to ice flow not included 

in current models but suggested by recent observations 

could increase the vulnerability of the ice sheets to 

warming, increasing future sea level rise. Understanding 

of these processes is limited and there is no consensus 

on their magnitude. J4.6. 10.7! 

Contraction of the Greenland Ice Sheet is projected 

to continue to contribute to sea level rise after 2100. 

Current models suggest that ice mass losses increase 

with temperature more rapidly than gains due to 

precipitation and that the surface mass balance 

becomes negative at a global average warming 

(relative to pre-industrial values) In excess of 1.9CC 

to 4 . 6 ^ . I f a negative surface mass balance were 

sustained for millennia, that would lead to virtuall; 

complete elimination of the Greenland !ce Sheet and 

a resulting contribution to sea level rise o f about 7 m. 

The corresponding future temperatures in Greenland 

Current global model studies project that the Antarctic 

Jce Sheet wil l remain too cold for widespread surface 

melting and is expected to gain in mass due to increased 

snoivfaJI. However, net loss o f ice mass could occur i f 

dynamical ice discharge dominates the ice sheet mass 

balance. {10.7] 

Both past and future anthropogenic carbon dioxide 

emissions wil l continue to contribute to wanning and 

sea level rise for more than a millennium, due to the 

time scales required for removal of this gas from the 

atmosphere. [7.3. 10.3! 
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ft 
THE EMISSION SCENARIOS OF THE IPCC SPECIAL REPORT ON EMISSION SCENARIOS (SRES) 1 7 

A l . Thc A I sioryline and scenario family describes a future world of very rapid economic growth, global 

I*: population that peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient 

[~>. technologies. Major underlying themes are convergence among regions, capacity building and increased cultural 

| ^ and social interactions, with a substantial reduction in regional differences in per capita income. The A I scenario 

[t'.
; family develops into three groups that describe alternative directions of technological change in the energy system. 

The three A i groups are distinguished by their technological emphasis: fossil-intensive (A IFI). non-fossil energy 

| | sources (A IT ) or a balance across all sources (A lB) (where balanced is defined as not relying too heavily on one 

particular energy source, on the assumption that similar improvement rates apply to all energy supply and end 

use technologies J. 

% A2.TheA2 storyline and scenario family describes a very heterogeneous world. The underlying theme is self-

reliance and preservation o f local identities. Fertility panems across regions converge very slowly, which results 

in continuously increasing population. Economic development is primarily regionally oriented and per capita 

economic growth and technological change more fragmented and slower than other storylines. 

B I . The B l storyline and scenario family describes a convergent world with the same global population, that 

peaks in mid-century and declines thereafter, as in the A I storyline, but with rapid change in economic structures 

toward a service and infonnation economy, with reductions in material intensity and the introduction o f clean 

and resource-efficient technologies. The emphasis is on global solutions to economic, social and environmental 

sustainability. including improved equity, but without additional climate initiatives. 

B2- The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to 

economic, social and environmental sustainability. It is a world with continuously increasing global population, at 

a rate lower than A2, intermediate levels of economic development and less rapid and more diverse technological 

change than in theBl and A I storylines. While the scenario is also oriented towards environmental protection and 

social equity, it focuses on local and regional levels. 

An illustrative scenario was chosen for each of the six scenario groups A l B . A1F1, A IT . A2, B l and B2. Al l 

should be considered equally sound. 

The SRES scenarios do not include additional climate initiatives, which means that no scenarios are included 

thai explicitly assume implementation ofthe United Nations Framework Convention on Climate Change or the 

emissions targets of the Kyoto Protocol. 

' • Emission scenerlos are not assessed in Ifus Workir»g Group I neport of Ifte IPCC- Tnis oon summarising Ihe SRES scenartos is taken Irorr. I M TAR and nas Oeen 
subject to prior tne- fay - lm appnjvaJ by The Panel. 
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Summary for Policymakere IPCC WGII Fourth Assessment Report 

A. Introduction 

This Summary sets out the key po I icy-re levant findings of the Fourth Assessment of Working Group 
11 ofthe Intergovernmental Panel on Climate Change (IPCC). 

| The Assessment is of current scientific understanding of impacts of climate change on natural, 
>! managed and human systems, the capacity of these systems to adapt and their vulnerability1. It builds 
<3 upon past IPCC assessments and incorporates new knowledge gained since the Third Assessment. 

Statements in this Summary are based on chapters in the Assessment and principal sources are given at 
the end of each paragraph2. 

B. Current knowledge about observed impacts of climate change 
on the natural and human environment 

"•I 

A full consideration of observed climate change is provided in the Working Group I Fourth 
Assessment. This part of the Working Group II Summary concerns the relationship between observed 
climate change and recent observed changes in the natural and human environment. 

The statements presented here are based largely on data sets that cover the period since 1970. The 
number of studies of observed trends in the physical and biological environment and their relationship 
to regional climate changes has increased greatly since the Third Assessment in 2001. The quality of 
the data sets has also improved. There is, however, a notable lack of geographic balance in data and 

•X literature on observed changes, with marked scarcity in developing countries. 

Recent studies have allowed a broader and more confident assessment of the relationship berween 
observed wanning and impacts than was made in the Third Assessment. That Assessment concluded 
that "there is high confidence, that recent regional changes in temperature have had discernible 
impacts on many physical and biological systems". 

From the current Assessment we conclude the following. 

Observational evidence from all continents and most oceans shows that many natural 
systems are being affected by regional climate changes, particularly temperature 
Increases. 

With regard to changes in snow, ice and frozen ground (including permafrost)4, there is high 
confidence that natural systems are affected. Examples are: 

• enlargement and increased numbers of glacial lakes [1.3]; 
• increasing ground instability in permafrost regions, and rock avalanches in mountain regions 

[1.3]; 
• changes in some Arctic and Antarctic ecosystems, including those in sea-ice biomes, and also 

predators high in the food chain [13, 4.4, 15.4]. 

1 For definitions, see Endbox 1. 
• Sources to statements are ghen in square brackets. For example. [3.3] refers io Chapter 3. Section 3. In the sourcing. F 

Figure, T = Table, B = Box and ES - Executive Summary. 
See Endbox 2. 

* Sec Working Group I Founh Assessmeni. 
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Based on growing evidence, there is high confidence that the following effects on hydrological 
systems are occurring: 

• increased run-off and earlier spring peak discharge in many glacier- and snow-fed rivers [ I - 3 ] ; 
• wanning of lakes and rivers in many regions, with effects on thermal structure and water 

quality [1.3]. 

There is very high confidence, based on more evidence from a wider range of species, that recent 
wanning is strongly afTecting terrestrial biological systems, including such changes as: 

• earlier timing of spring events, such as leaf-unfolding, bird migration and egg-laying [1.3]; 
• poleward and upward shifts in ranges in plant and animal species [1.3, 8.2, 14.2]. 

Based on satellite observations since the early 1980s, there is high confidence that there has been a 
trend in many regions towards earlier 'greening'5 of vegetation in the spring linked to longer thermal 
growing seasons due to recent warming [1.3, 14.2], 

There is high confidence, based on substantial new evidence, that observed changes in marine and 
freshwater biological systems are associated with rising water temperatures, as well as related changes 
in ice cover, salinity, oxygen levels and circulation [1.3]. These include: 

• shifts in ranges and chanees in algal, plankton and fish abundance in high-latitude oceans 
[1.3]; 

• increases in algal and zooplankton abundance in high-latitude and high-altitude lakes [1.3]; 
• range changes and earlier migrations of fish in rivers [1.3]. 

The uptake of anthropogenic carbon since 1750 has led to the ocean becoming more acidic with an 
average decrease in pH of 0.1 units [IPCC Working Group I Fourth Assessment]. However, the 
effects of observed ocean acidification on the marine biosphere are as yet undocumented [1.3]. 

A global assessment of data since 1970 has shown it is likely* that anthropogenic 
warming has had a discernible influence on many physical and biological systems. 

Much more evidence has accumulated over the past five years to indicate that changes in many 
physical and biological systems are linked to anthropogenic warming. There are four sets of evidence 
which, taken together, support this conclusion: 

1. The Working Group I Fourth Assessment concluded that most ofthe observed increase in the 
globally averaged temperature since the mid-20th century is very likely due to the observed 
increase in anthropogenic greenhouse gas concentrations. 

2. Of the more than 29,000 observational data series7, from 75 studies, that show significant 
change in many physical and biological systems, more than 89% are consistent with the 
direction of change expected as a response to warming (Figure SPM-1) [1.4]. 

3. A global synthesis of studies in this Assessment strongly demonstrates that the spatial 
agreement between regions of significant wanning across the globe and the locations of 
significant observed changes in many systems consistent with warming is very unlikely to be 
due solely to natural variability of temperatures or natural variability of the systems (Figure 
SPM-l)[l.4]. 

5 Measured by thc Normalised Difference Vegetation Index, which is a relative measure ofthe amount of green vegetation in 
an area based on satellite images. 

6 See Endbox 2. 
7 A subset of about 29.000 data series was selected from about 80.000 data series from 577 studies. These met the following 
criteria: (I) Ending in 1990 or later; t2) spanning a period of at least 20 years: and (3) showing a significant change in either 
direction, as assessed in individual studies. 
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4. Finally, there have been several modelling studies that have linked responses in some physical 
and biological systems to anthropogenic wanning by comparing observed responses in these 
systems with modelled responses in which the natural forcings (solar activity and volcanoes) 
and anthropogenic forcings (greenhouse gases and aerosols) are explicitly separated. Models 
with combined natural and anthropogenic forcings simulate observed responses significantly 
better than models with natural forcing only [ 1.4]. 

Limitations and gaps prevent more complete attribution of the causes of observed system responses to 
anthropogenic warming. First, the available analyses are limited in the number of systems and 
locations considered. Second, natural temperamre variability is larger at the regional than the global 
scale, thus affecting identification of changes due to externa! forcing. Finally, at the regional scale 
other factors (such as land-use change, pollution, and invasive species) are influential [1.4]. 

Nevertheless, the consistency between observed and modelled changes in several studies and the 
spatial agreement between significant regional warming and consistent impacts at the global scale is 
sufficient to conclude with high confidence that anthropogenic wanning over the last three decades 
has had a discernible influence on many physical and biological systems [1.4], 

Other effects of regional climate changes on natural and human environments are 
emerging, although many are difficult to discern due to adaptation and non-climatic 
drivers. 

Effects of temperature increases have been documented in the following (medium confidence): 
• effects on agricultural and forestry management at Northern Hemisphere higher latitudes, 

such as earlier spring planting of crops, and alterations in disturbance regimes of forests due to 
fires and pests [1.3]; 

• some aspects of human health, such as heat-related mortality in Europe, infectious disease 
vectors in some areas, and allergenic pollen in Northern Hemisphere high and mid-latitudes 
[1.3,8.2,8.ES]; 

• some human activities in the Arctic (e.g., hunting and travel over snow and ice) and in lower-
elevation alpine areas (such as mountain sports) [1.3], 

Recent climate changes and climate variations are beginning to have effects on many other natural and 
human systems. However, based on the published literature, the impacts have not yet become 
established trends. Examples include: 

• Settlements in mountain regions are at enhanced risk to glacier lake outburst floods caused by 
melting glaciers. Governmental institutions in some places have begun to respond by building 
dams and drainage works [1.3]. 

• In the Sahelian region of Africa, wanner and drier conditions have led to a reduced length of 
growing season with detrimental effects on crops. In southern Africa, longer dry seasons and 
more uncertain rainfall are prompting adaptation measures [1.3]. 

• Sea-level rise and human development are together contributing to losses of coastal wetlands 
and mangroves and increasing damage from coastal flooding in many areas [1.3]. 

Page 3 of 22 



i" ".: 'Zj- iM&i ' :: :"• •.-,••«:• ;->; ii-J-v.-.Tjjjs.'. ̂ i t v H ' i M i KtSs^ftw -..̂  

-'Vt Summary for Policymakers IPCC WGII Fourth Assessment Report 

If 
'I I 
* 

I 

'•3 

Changes in physical and biological systems and 
surface temperature 1970-2004 

NAM LA EUR/ APR AS ANZ PR- TER 

'JL 

7M 

2/ M F W " GLO/ 
' I K 7« " 766 

Observations 

o Physical systems (snow, tee and frozen ground; hydrology; coastal processes) 

•: Biological systems (terrestrial, marine, and freshwater) 

Physical Biological 

Europe " " ' 

o t -30 

O 31-100 

o TOI-SOO 

o 801-1200 

o 1201-7500 

Temperature change "C 
1970-2004 

-1.0 -0.2 0.2 1.0 2.0 3.5 

f sjgnHicant 
observed 
changei 

I signlllcart 
observed 
cfianges 

s o l a g n h c v l 

wth warmmg 

% of sk&vtiEtrt 
chmge* 
consistert 
tvlth warning 

' Polar regtfonc indud* eltc observed cftanges In marine and freehweier 00*05ica' cystems. 
• Marine and (resftwater includes observed char>ges al Sites and large areas in oceans. smaB islands and continents. 
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Figure SPM-I. Locations of significant changes in observations of physical systems (snow, ice and 
frozen ground; hydrology; and coastal processes) and biological systems (terrestrial, marine, and 
freshwater biological systems), are shown together with surface air temperature changes over the 
period 1970-2004. A subset of about 29,000 data series was selected from about 80,000 data series 
from 577 studies. These met the following criteria: (1) ending in 1990 orlater; (2) spanning a period 
of at least 20 years; and (3) showing a significant change in either direction, as assessed in individuai 
studies. These data series.are from about 75 studies (of which -70 are new since the Third 
Assessment) and contain about 29,000 data series, of which about 28,000 are from European studies. 
White areas do not contain sufficient observational climate data to estimate a temperature trend. The 2 
x 2 boxes show the total number of data series with significant changes (top row) and the percentage 
of those consistent with warming (bottom row) for (j) continental regions: North America (NAM), 
Latin America (LA), Europe (EUR), Africa (APR), Asia (AS), Australia and New Zealand (ANZ), and 
Polar Regions (PR) and (ii) global-scaie: Terrestrial (TER), Marine and Freshwater (MFW), and 
Global (GLO). The numbers of studies from the seven regional boxes (NAM, .... PR) do not add up to 
the global (GLO) totals because numbers from regions except Polar do not include the numbers related 
to Marine and Freshwater (MFR) systems [Working Group)! Fourth Assessment F1.8, F1.9; Working 
Group 1 Fourth Assessment F3.9b]. 
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C. Current knowledge about future impacts 

The following is a seleciion of the key findings regarding projected impacts, as well as some findings 
on vulnerability and adaptation, in each system, sector and region for the range of (unmitigated) 
climate changes projected by the IPCC over this century* judged to be relevant for people and the 
environment". The impacts frequently reflect projected changes in precipitation and other climate 
variables in addition to temperature, sea level and concentrations of atmospheric carbon dioxide. The 
magnitude and timing of impacts will vary with the amount and timing of climate change and, in some 
cases, the capacity to adapt. These issues are discussed further in later sections of the Summary. 

More specific information is now available across a wide range of systems and 
£ sectors concerning the nature of future Impacts, including for some fields not covered 

in previous assessments. 

'R; Fresh water resources and their management 

1 By mid-century, annual average river runoff and water availability are projected to increase by 10-
f 40% at high latitudes and in some wet tropical areas,.and decrease by 10-30% over some dry regions 
^ at mid-latitudes and in the dry tropics, some of which are presently water stressed areas. In some 
2 places and in particular seasons, changes differ from these annual figures. ** D 1 0 [3.4] 

w; Drought-affected areas will likely increase in extent. Heavy precipitation events, which are very likely 
:\ to increase in frequency, will augment flood risk. ** N [Working Group I Fourth Assessment, 

Working Group 11 Fourth Assessment 3.4] 

In the course ofthe century, water supplies stored in glaciers and snow cover are projected to decline, 
fj reducing water availability in regions supplied by meltwater from major mountain ranges, where more 
-•( than one-sixth of the world population currently lives. ** N [3.4] 

j Adaptation procedures and risk management practices for the water sector are being developed in 
some countries and regions that have recognised projected hydrological changes with related 
uncertainties. *** N [3.6] 

J 
I Ecosystems 

: The resilience of many ecosystems is likely to be exceeded this century by an unprecedented 
f combination of climate change, associated disturbances (e.g., flooding, drought, wildfire, insects, 
; ocean acidification), and other global change drivers (e.g., land use change, pollution, over-

expJoiiation of resources). * * N [4.1 to 4.6] 

' Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the 
period 1850-1899, Bdd0.5oC. 

Criteria of choice: magnitude and timing of impact, confidence.in thc assessment, representative coverage ofthe system, 
sector and region. 
10 In tbe Section C text, the following conventions aie used: 

fylatipnship w ih$ Third Assessmeni: 
D Further development of a conclusion in the Third Assessment 
V AVw* conclusion, nor in the Third Assessment 
Lwl gfconfidence in the whole statement: 
*** I'ery high confidence 
" * High confidence 
* Medium confidence j 

1 
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Over the course of this century, net carbon uptake by terrestrial ecosystems is likely to peak before 
mid-century and then weaken or even reverse", thus amplifying climate change. ** N [4.ES, F4.2] 

Approximately 20-30% of plant and animal species assessed so far are likely to be at increased risk of 
extinction if increases in giobai average temperature exceed I.5-2.50C. * N [4.4, T4.1] 

For increases in global average temperature exceeding 1.5-2.5aC and in concomitant atmospheric 
carbon dioxide concentrations, there are projected to be major changes in ecosystem structure and 
function, species' ecological interactions, and species' geographic ranges, with predominantly 
negative consequences for biodiversity, and ecosystem goods and services e.g., water and food supply. 
*• N [4.4] 

The progressive acidification of oceans due to increasing atmospheric carbon dioxide is expected to 
have negative impacts on marine shell forming organisms (e.g., corals) and their dependent species. * 
N (B4.4, 6.4] 

Food, fibre and forest products 

Crop productivity is projected to increase slightly at mid- to high latitudes for local mean temperature 
increases of up to 1 -30C depending on the crop, and then decrease beyond that in some regions. * D 
[5.4] 

At lower latitudes, especially seasonally dry and tropical regions, crop productivity is projected to 
decrease for even small local temperature increases (1-20C), which would increase risk of hunger. * D 
[5.4] 

GlobalJy, the potential for food production is projected to increase with increases in local average 
temperature over a range of 1-30C, but above this it is projected to decrease. * D [5.4, 5.6] 

Increases in the frequency of droughts and floods are projected to affect local crop production 
negatively, especially in subsistence sectors at low latitudes. ** D [5.4, 5.ES] 

Adaptations such as altered cuitivars and planting times allow low- and mid- to high-latitude cereal 
yields to be maintained at or above baseline yields for modest wanning, * N [5.5] 

Globally, commercial timber productivity rises modestly with climate change in the short- to medium-
term, with large regional variability around tbe global trend. * D [5.4] 

Regional changes in the distribution and production of particular fish species are expected due to 
continued warming, with adverse effects projected for aquaculture and fisheries. * * D [5.4] 

Coastal systems and low-lvina areas 

Coasts are projected to be exposed to increasing risks, including coastal erosion, due to climate change 
and sea-level rise. The effect will be exacerbated by increasing human-induced pressures on coastal 
areas. *** D [6.3,6.4] 

Corals are vulnerable to thermal stress and have low adaptive capacity. Increases in sea surface 
temperature of about I-3°C are projected to result in more frequent coral bleaching events and 
widespread monality, unless there is thermal adaptation or acclimatisation by corals. *** D [B6J, 6.4} 

Coastal wetlands including salt marshes and mangroves are projected to be negatively affected by sea-

11 Assuming continued greenhouse gas emissions at or above curreni rates and other global changes including land, use 
changes 
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JeveJ rise especially where they are constrained on their landward side, or starved of sediment. *** D 
[6.4] 

i f Many millions more people are projected to be flooded every year due to sea-level rise by the 2080s. 
•Ik Those densely-populated and low-lying areas where adaptive capacity is relatively low, and which 
•f already face other challenges such as tropical storms or local coastal subsidence, are especially at risk, 
if' The numbers affected wiH be largest in tbe mega-deltas of Asia and Africa while small islands are 
£ especially vulnerable. D [6.4] 

Adaptation for coasts will be more challenging in developing countries than in developed countries, 
f i due to constraints on adaptive capacity. ** D [6.4, 6.5. T6.11 ] 
U 

Industry, settlement and society 

Costs and benefits of climate change for industry, settlement, and society will vary widely by location 
and scale. In the aggregate, however, net effects will tend to be more negative the larger the change in 

I I 
| climate. •* N [7.4, 7.6] 

The most vulnerable industries, settlements and societies are generally those tn coastal and river flood 
plains, those whose economies are closely linked with climate-sensitive resources, and those in areas 
prone to extreme weather events, especially where rapid urbanisation is occurring. ** D [7.1, 7.3, 7.4, 
7-5] 

l | Poor communities can be especially vulnerable, in particular those concentrated in high-risk areas. 
C|- They tend to have more limited adaptive capacities, and are more dependent on climate-sensitive 
!'> resources such as local water and food supplies. ** N [7.2, 7.4, 5.4] 

Where extreme weather events become more intense and/or more frequent, the economic and social 
costs of those events will increase, and these increases will be substantial in the areas most directly 
affected. Climate change impacts spread from directly impacted areas and sectors to other areas and 
sectors through extensive and complex linkages. ** N [7.4, 7.5] 

Health 

Projected climate change-related exposures are likely to affect the health status of millions of people, 
particularly those with low adaptive capacity, through: 

• increases in malnutrition and consequent disorders, with implications for child growth and 
development; 

• increased deaths, disease and injury due to heat waves, floods, storms, fires and droughts; 
• the increased burden of diarrhoeal disease: 
• the increased frequency of cardio-respiratory diseases due to higher concentrations of ground 

level ozone related to climate change; and, 
• the altered spatial distribution of some infectious disease vectors. ** D [8.4, 8.ES, 8.2] 

Climate change is expected to have some mixed effects, such as the decrease or increase of the range 
and transmission potential of malaria in Africa. ** D [8.4] 

Studies in temperate areas'2 have shown that climate change is projected to bring some benefits, such 
as fewer deaths from cold exposure. Overall it is expected that these benefits will be outweighed by 
the negative health effects of risine temperatures world-wide, especially in developing countries. ** D 
[8.4] 

Studies tnsmly in indusmaJised countries. 
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: The balajice of positive and negative health impacts will vary from one location to another, and will 
0 alter over time as temperatures continue to rise. Critically important will be factors that directly shape 
§ ihe health of populations such as education, health care, public health prevention and infrastructure 
H and economic development. *** N [8.3] 

I 
Jt More specific information is now available across the regions of the world concerning 
4 the nature of future impacts, including for some places not covered in previous 
^ assessments. 

ft Africa 

4 By 2020, between 75 and 250 million people are projected to be exposed to an increase of water stress 
h due to climate change. If coupled with increased demand, this will adversely affect livelihoods and 
•f exacerbate water-related problems. D [9.4, 3.4, 8.2, 8.4] 

:f| Agricultural production, including access ro food, in many African countries and regions is projected 
% to be severely compromised by climate variability and change. The area suitable for agriculture, the 
f l length of growing seasons and yield potential, particularly along the margins of semi-arid and arid 
^ areas, are expected to decrease. This would fiirther adversely affect food security and exacerbate 
i i malnutrition in the continent. In some countries, yields from rain-fed agriculture could be reduced by 

up to 50% by 2020. ** N [9.2, 9.4, 9.6] 

v| Local food supplies are projected to be negatively affected by decreasing fisheries resources in large 
i^' lakes due to rising water temperatures, which may be exacerbated by continued over-fishing. ** N [9.4, 
I 5.4,8.4] 

f. Towards the end of the 21st century, projected sea-level rise will affect low-lying coastal areas with 
;|: large populations. The cost of adaptation could amount to at least 5-10% of Gross Domestic Product 

(GDP). Mangroves and coral reefs are projected to be further degraded, with additional consequences 
§£ for fisheries and tourism. ** D [9.4] 

:| New studies confirm that Africa is one of the most vulnerable continents to climate variability and 
change because of multiple stresses and low adaptive capacity. Some adaptation to current climate 

H variability is taking place, however, this may be insufficient for future changes in climate. ** N [9.5] 
I 
§ Asia 
.i% 

II Glacier melt in the Himalayas is projected to increase flooding, and rock avalanches from destabiJised 
slopes, and to affect water resources within the next two to three decades. This will be followed by 
decreased river flows as the glaciers recede. * N [10.2, 10.4] 

' : Freshwater availability in Central, South, East and Southeast Asia, particularly in large river basins, is 
projected to decrease due to climate change which, along with population growth and increasing 
demand arising from higher standards of living, could adversely affect more than a billion people by 
the 2050s. **N [10.4] 

Coastal areas, especially heavily-populated mega-delta regions in South. East and Southeast Asia, will 
be at greatest risk due to increased flooding from the sea and, in some mega-deltas, flooding from che 
riversT'* D[I0.4J 

Climate change is projected to impinge on sustainable development of most developing countries of 
Asia, as it compounds the pressures on natural resources and the environment associated with rapid 
urbanisation, industrialisation, and economic development. ** D [10.5] 
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It is projected that crop yields could increase up to 20% in East and Southeast Asia while they could 
decrease up to 30% in Central and South Asia by the mid-21 st century. Taken together and considering 

^ the influence of rapid population growth and urbanisation, the risk of hunger is projected to remain 
•li very high in several developing countries. *N(]0.4] 

|s Endemic morbidity and mortality due to diarrhoeal disease primarily associated with floods and 
"4 droughts are expected to rise in East, South and Southeast Asia due to projected changes in the 
. -v hydrological cycle associated with global warming. Increases in coastal water temperature would 
;/ exacerbate the abundance and/or toxicity of cholera in South Asia. **N [10.4] 

| Australia and New Zealand 

As a result of reduced precipitation and increased evaporation, water security problems are projected 
.'fe to intensify by 2030 in southern and eastern Australia and, in New Zealand, in Northland and some 
$ eastern regions. *' D [ 11.4] 

I 
Js Significant loss of biodiversity is projected to occur by 2020 in some ecologically-rich sites including 
11 the Great Barrier Reef and Queensland Wet Tropics. Other sites at risk include Kakadu wetlands, 
'id southwest Australia, sub-Antarctic islands and the alpine areas of both countries. *** D [11.4] 

Ongoing coastal development and population growth in areas such as Caims and Southeast 
0 Queensland (Australia) and Northland to Bay of Plenty (New Zealand), are projected to exacerbate 
^ risks from sea-level rise and increases in the severity and frequency of storms and coastal flooding by 
% 2050. *** D[n.4, 11.6] 

'f. Production from agriculture and forestry by 2030 is projected to decline over much of southern and 
•; eastern Australia, and over parts of eastern New Zealand, due to increased drought and fire. However, 

in New Zealand, initial benefits are projected in westem and southern areas and close to major rivers 
:>j due to a longer growing season, less frost and increased rainfall ** N [11.4] 

i | The region has substantial adaptive capacity due to well-developed economies and scientific and 
U technical capabilities, but there are considerable constraints to impJementarion and major challenges 
^ from changes in extreme events. Natural systems have limited adaptive capacity. ** N [11:2, 11.5] 

| Europe 

| For the first time, wide ranging impacts of changes in current climate have been documented: 
? retreating glaciers, longer growing seasons, shift of species ranges, and health impacts due to a heat 
| wave of unprecedented magnitude. The observed changes described above are consistent with those 
$ projected for future climate change. *** N [12.2, 12.4, 12.6] 

Nearly all European regions are anticipated to be negatively affected by some future impacts of 
climate change and these will pose challenges to many economic sectors. Climate change is expected 
to magnify regional differences in Europe's natural resources and assets. Negative impacts will 
include increased risk of inland flash floods, and more frequent coastal flooding and increased erosion 
(due to stormtness and sea-level rise). The great majority of organisms and ecosystems will have 
difficulties adapting to climate change. Mountainous areas will face glacier retreat, reduced snow 
cover and winter tourism, and extensive species losses (in some areas up to 60% under high emission 
scenarios by 2080). *** D [12.4] 

In Southern Europe, climate change is projected to worsen conditions (high temperatures and drought) 
in a region already vulnerable to climate variability, and to reduce water availability, hydropower 
potential, summer tourism and. in general, crop productivity. It is also projected to increase health 
risks due io heat waves and the frequency of wildfires. ** D112.2,12.4,12.7] 
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In Centra! and Eastern Europe, summer precipitation is projected to decrease, causing higher water 
*| stress. Health risks due to heat waves are projected to increase. Forest productivity is expected to 
it decline and the frequency of peatland Fires to increase. " D [12.4] 

'S 
^ In Northern Europe, climate change is initially projected to bring mixed effects, including some 
$ benefits such as reduced demand for heating, increased crop yields and increased forest growth. 
^ However, as climate change continues, its negative impacts (including more frequent winter floods, 

endaneered ecosystems and increasing ground instabifityj are //A:e/y to outweigh its benefits. * * D 
[12 A] 

B Adaptation to climate change is likely to benefit from experience gained in reaction to extreme climate 
events, by specifically implementing proactive climate change risk management adaptation plans. *** 
N[12.5) 

Latin America 

By mid-century, increases in temperature and associated decreases in soil water are projected to lead 
to gradual replacement of tropical forest by savanna in eastern Amazonia. Semi-arid vegetation will 
tend to be replaced by arid-land vegetation. There is a risk of significant biodiversity loss through 
species extinction in many areas of tropical Latin America ** D [13.4] 

In drier areas, climate change is expected to lead to salinisation and desertification of agricultural land. 
Productivity of some important crops is projected to decrease and livestock productivity to decline, 
with adverse consequences for food security. In temperate zones soybean yields are projected to 
increase. • • N [13.4, 13.7] 

Sea-level rise is projected to cause increased risk of flooding in low-lying areas. Increases in sea 
surface temperature due to climate change are projected to have adverse effects on Mesoamerican 
coral reefs, and cause shifts in the location of south-east Pacific fish stocks. ** N [13.4, 13.7] 

Changes in precipitation patterns and the disappearance of glaciers are projected to significantly affect 
water availability for human consumption, agriculture and energy generation. ** D [13.4] 

Some countries have made efforts to adapt, particularly through conservation of key ecosystems, early 
warning systems, risk management in agriculture, strategies for flood drought and coastal management, 
and disease surveillance systems. However, the effectiveness of these efforts is outweighed by: lack of 
basic infonnation, observation and monitoring systems; lack of capacity building and appropriate 
political, institutional and technological frameworks; low income; and settlements in vulnerable areas, 
among others. **D[J3.2] 

North America 

Warming in westem mountains is projected to cause decreased snowpack, more winter flooding, and 
reduced summer flows, exacerbating competition for over-allocated water resources. *** D [14.4, 
614.2] 

Disturbances from pests, diseases, and fire are projected to have increasing impacts on forests, with an 
extended period of high fire risk and large increases in area burned. *** N [14.4, BJ 4.1] 

Moderate climate change in the early decades of the century is projected to increase aggregate yields 
of rain-fed agriculture by 5-20%. but with important variability among regions. Major challenges are 
projected for crops that are near the warm end of their suitable range or depend on highly utilised 
water resources. ** D[14.4] 

Cities that currently experience heat waves are expected to be funher challenged by an increased 
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H number, intensity and duration of heal waves during the course of the century, with potential for 
j | adverse health impacts. Elderly populations are most at risk. ***D[14.4J. 

' I Coastal communities and habitats will be increasingly stressed by climate change impacts interacting 
li with development and pollution. Population growth and the rising value of infrastructure in coastal 
% areas increase vulnerability to climate variability and future climate change, w ith losses projecled to 
*;| increase if the intensity of tropical storms increases. Current adaptation is uneven and readiness for 

increased exposure is low. *** N [14.4] 

. | Polar Regions 

In the Polar Regions, the main projected biophysical effects are reductions in thickness and extent of 
'IJ glaciers and ice sheets, and changes in natural ecosystems with detrimental effects on many organisms 

including migratory birds, mammals and higher predators. In the Arctic, additional impacts include 
11 reductions in the extent of sea ice and permafrost, increased coastal erosion, and an increase in the 
£3' depth of permafrost seasonal thawing. ** D [15.3, 15.4, 15.2] 

% For Arctic human communities, impacts, particularly resulting from changing snow and ice conditions, 
I? are projected to be mixed. Detrimental impacts would include those on infrastructure and traditional 
$ indigenous ways of life. ** D [15.4] 

i | Beneficial impacts would include reduced heating costs and more navigable northern sea routes. * D 
% [15.4] 

In both polar regions, specific ecosystems and habitats are projected to be vulnerable, as climatic 
barriers to species' invasions are lowered, ** D [15,6, 15.4] 

H Arctic human communities are already adapting to climate change, but both external and internal 
stressors challenge their adaptive capacities. Despite the resilience shown historically by Arctic 

|}? indigenous communities, some traditional ways of life are being threatened and substantial 
% investments are needed to adapt or re-locate physical structures and communities. ** D [15.ES, 15.4, 
J 15.5, 15.7] 

% Small islands 
" * 

% Small islands, whether located in the tropics or higher latitudes, have characteristics which make them 
j-j especially vulnerable to the effects of climate change, sea level rise and extreme events. *** D [16.1, 
$ 16.5] 
•if. 1 

Deterioration in coastal conditions, for example through erosion of beaches and coral bleaching, is 
'? expected to affect local resources, e.g., fisheries, and reduce the value of these destinations for tourism. 

** D[16.4] 

••; 
L.-i Sea-level rise is expected to exacerbate inundation, storm surge, erosion and other coastal hazards, 

thus threatening vital infrastructure, settlements and facilities that support the livelihood of island 
communities. **• D [16,4] 
Climate change is projected by the mid-century to reduce water resources in many small islands, e.g., 
in the Caribbean and Pacific, to the point where they become insufficient to meet demand during low 
rainfall periods. ***D[16.4] 
With higher temperatures, increased invasion by non-native species is expected to occur, particuiarly 
on middle and high-latitude islands. ** N [16.4] 

Page 11 of 22 



I 

Summary tor Policymakers IPCC WGII Fourth Assessment Report 

Magnitudes of Impact can now be estimated more systematical ly for a range of 
poss ib le increases in global average temperature. 

Since the IPCC Third Assessment, many additional studies, particularly in regions that previously had 
been little researched, have enabled a more systematic understanding o f how the t iming and magnitude 
of impacts may be affected by changes in climate and sea level associated with differing amounts and 
rates of change in global average temperature. 

Examples of this new information are presented in Table SPM-1. Entries have been selected which are 
judged to be relevant for people and the environment and for which there is high confidence in the 
assessment. Al} entries o f impact are drawn from chapters o f the Assessment, where more detailed 
infonnation is available. 

Depending on circumstances, some of these impacts could be associated with 'key vulnerabilities', 
based on a number of criteria in the literature (magnitude, t iming, persistence/reversibility, the 
potential for adaptation, distributional aspects, likelihood and "importance" of the impacts). 
Assessment of potential key vulnerabilities is intended to provide infonnation on rates and levels of 
climate change to help decision-makers make appropriate responses to the risks of climate change 
[I9.ES, 15U]-

The 'reasons for concern' identified in the Third Assessment remain a viable framework for 
considering key vulnerabilities. Recent research has updated some o f the findings from the Third 
Assessment [19.3]. 
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Key impacts as a function of increasing 
global average temperature change 

(Impacts will vary by extent of adaptation, 
rate of temperature change, and socio-economic pathway) 

Global m«an annual temperature change reUthf« t o 1980-19W (*C) 
1 2 3 ^ 6 *C 
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overturning riiculsiion 

POOD 

COASTS 

HEALTH 
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Productivity of all cereals, 
dmeaiev in low lat l iudtt 

Cereal produclivlty to 
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Increased damage from floods and storms 
About 30% of 
global coattal • 
wetlands lost' 

Millions more people could experience 
coaiMl flooding each year 

Increasing burden from malriutrtnon.dUifho«at;canil<We*pir*iqry.andinwttloui (UsMtes —I 

increased morbidity and monality from heai waves, flood*, and d r o o g h t i , — ^ . — r r - r ; ~ T - . - T ^ I 

* ** f * v ¥• 
Changed distribution o l some disease vectors — TT —. r r ^ . T r : r ? ^ . . ^ T . » ^ ^ . . S T r ^ . . r ? ^ » ; : 5 - . T B . . " p 
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Hi 1*3 
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6* l 665 M l 

4ES.T* 1.F43, 
F4 4 

4 4 5.440. «* 10 
U S 

1936 

S.ES.S4 7 

SE5 S4J.F1J 

SES. 5 42. FSJ 

6ES 631.641. 
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T(6 F6«.TS.BS 

SES.14.1.(7. 

• ES. 122.1.2 3. 
e4.i.a.42.i7. 
ri.3 f J J 
t ES. I2.B. 17. 
Be* 
s«.t 

1 2 3 4 

Global mean annual t v m p e r a r u n changm ralat iva to 1 M O - I M S (*C) 
5*C 

bigniTicant is defined here as more than 40H. 
Based oo **eiQ+ me of sea level rise of 4J mm/year I'om 2000 to ?080. 

Table SPM-I. Illustrative examples of global impacts projecled for climate changes (and sea-level 
and atmospheric carbon dioxide where relevant) associated with different amounts of increase in 
global average surface temperature in the 21st century [T20.7]. The black lines link impacts, dotted 
arrows indicate impacts continuing with increasing temperature. Entries are placed so that the left 
hand side of text indicates approximate onset of a given impact. Quantitative entries for water scarcity 
and flooding represent the additional impacts of climate change relative to the conditions projected 
across the range of Special Report on Scenarios (SRES) scenarios A1 Fl, A2 f B1 and B2 (see Endbox 
3). Adaptation to climate change is not included in these estimations. All entries are from published 
studies recorded in the chapters of the Assessment. Sources are given in the right hand column of the 
fable. Confidence levels for all statements are hieh. 
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Summary for Policymakers IPCC WGlt Fourth Assessment Report 

Impacts due to altered frequencies and intensities of extreme weather, climate, and 
sea level events are very likely to change. 

Since the IPCC Third Assessment, confidence has increased that some weather events and extremes 
will become more frequent, more widespread and/or more intense during the 21st century; and more is 
known about the potentia! effects of such changes. A seieaion of these is presented in TabJe SPM-2. 

PhenomenonJ 

and direction 
of trend 

Likelihood of 
future trends 
based on 
projections 
for 21st 
century 
using SRES 
scenarios 

Examples of major projected impacts by sector 

Agriculture, 
forestry and 
ecosystems 
[4.4. 5.4J 

Water 
resources [3.4] 

Human health 
[8.2] 

Industry, 
settlement and 
society [7.4] 

Over most land 
areas, warmer 
and fewer cold 
days and nights, 
warmer and more 
frequent hot days 
and nights 

Virtually 
certain 

Increased yields 
in colder 
environments; 
decreased 
yields in warmer 
environments; 
increased insect 
outbreaks 

Effects on water 
resources 
relying on snow 
melt; effects on 
some water 
supply 

Reduced 
human 
mortality from 
decreased 
cold exposure 

Reduced energy 
demand for 
heating; increased 
demand for 
cooling; declining 
air quality in cities; 
reduced disruption 
to transport due to 
snow, ice; effects 
on winter tourism 

Warm spells/heat 
waves. 
Frequency 
increases over 
most land areas 

Very likely Reduced yields 
in warmer 
regions due to 
heat stress: wild 
fire danger 
increase 

Increased water 
demand; water 
quality 
problems, e.g., 
algal blooms 

Increased risk 
of heat-related 
mortality, 
especially for 
the elderly, 
chronically 
sick, very 
young and 
socially-
isolated 

Reduction in 
quality of life for 
people in warm 
areas without 
appropriate 
housing; impacts 
on elderly, very 
young and poor. 

Heavy 
precipitation 
events. 
Frequency 
increases over 
most areas 

Very likely Damage to 
crops; soil 
erosion, inability 
to cultivate land 
due to water 
logging of soils 

Adverse effects 
on quality of 
surface and 
groundwater; 
contamination of 
water supply; 
water scarcity 
may be relieved 

Increased risk 
of deaths, 
injuries, 
infectious, 
respiratory and 
skin diseases 

Disruption of 
settlements, 
commerce, 
transport and 
societies due to 
flooding; pressures 
on urban and rural 
infrastructures; 
loss of property 

Ares affected by 
drought 
increases 

Lihely Land 
degradation, 
lower 
yields/crop 
damage and 
failure: 
increased 
livestock deaths: 
increased risk of 
wildfire 

More 
widespread 
water stress 

Increased risk 
of food and 
water 
shortage; 
increased risk 
of malnutrition; 
increased risk 
of water- and 
food-borne 
diseases 

Water shortages 
for settlements, 
industry and 
societies; reduced 
hydropower 
generation 
potentials; 
potential for 
population 
migration 
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i 

Intense tropical 
cyclone activity 
increases 

Likely Damage to 
crops; windthrow 
(uprooting) of 
trees; damage to 
coral reefs 

Power outages 
cause 
disruption of 
public water 
supply 

Increased risk of 
deaths, injuries, 
water- and food-
borne diseases: 
post-traumatic 
stress disorders 

Disruption by flood and 
high winds; withdrawal of 
risk coverage in vulnerable 
areas by private insurers, 
potential for population 
migrations, loss of 
property 

Increased 
incidence of 
extreme high 
sea level 
(excludes 
tsunamis)11 

Likely" Salinisation of 
irrigation water, 
estuaries and 
freshwater 
systems 

Decreased 
freshwater 
availability due 
to saltwater 
intrusion 

Increased risk of 
deaths and 
injuries by 
drowning in 
floods; migration-
related heailh 
effects 

Costs of coastal protection 
versus costs of land-use 
relocation; potential for 
movement of populations 
and infrastructure; also 
see tropical cydones 
above 

• See Working Group I Fourth Assessment Table 3.7 for further details regarding definitions 
6 Warming of the most extreme days and nights each year 
' Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the 

highest 1% of hourly values of observed sea level at a station for a given reference period. 
11 In all scenarios, the projected global average sea level at 2100 is higher than in the reference period [Working 

Group I Fourth Assessment 10.6]. The effect of changes in regional weather systems on sea level extremes 
has not been assessed. 

Table SPM-2. Examples o f possible impacts o f climate change due to changes in extreme weather 
and climate events, based on projections to the mid to late 2l5t century, These do not take into 
account any changes or developments in adaptive capacity. Examples of all entries are to be found in 
chapters in the full Assessment (see source at top of columns). The fint two columns of this table 
{shaded yellow) are taken directly from the Working Group 1 Fourth Assessment (Table SPM-2). The 
likelihood estimates in Column 2 relate to the phenomena listed in Column 1. The direction o f trend 
and likelihood of phenomena are for IPCC SRES projections of climate change. 

Some large-scale climate events have the potential to c a u s e very large impacts , 
especial ly after the 21st century. 

Very large sea-level rises that would result from widespread deglaciation of Greenland and West 
Antarctic ice sheets imply major changes in coastlines and ecosystems, and inundation of low-lying 
areas, with greatest effects in river deltas. Relocating populations, economic activity, and 
infrastructure would be costly and challenging. There is medium confidence that at least partial 
deglaciation of the Greenland ice sheet, and possibly the West Antarctic ice sheet, would occur over a 
period of time ranging from centuries to millennia for a global average temperature increase o f l -4 0 C 
(relative to 1990-2000), causing a contribution to sea level rise o f 4-6 m or more. The complete 
melting o f the Greenland ice sheet and the West Antarctic ice sheet would lead to a contribution to 
sea-level rise of up to 7 m and about 5 m, respectively [Working Group I Fourth Assessment 6.4, 10.7; 
Working Group I i Fourth Assessment 19.3]. 

Based on climate model results, it is very unlikely that the Meridional Overturning Circulation (MOC) 
in the North Atlantic wi l l undergo a large abrupt transition during the 2 ls t century. Slowing o f the 
MOC this century is very likely, but temperatures over the Atlantic and Europe are projected to 
increase nevertheless, due to global warming. Impacts of large-scale and persistent changes in the 
MOC are likely to include changes to marine ecosystem productivity, fisheries, ocean carbon dioxide 
uptake, oceanic oxygen concentrations and terrestrial vegetation [Working Group I Founh Assessment 
10.3, 10.7; Working Group I I Fourth Assessment 12.6, 19.3]. 
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Impacts of climate change will vary regionally but, aggregated and discounted to the 
present, they are very likely to impose net annual costs which will increase over time 
as global temperatures increase. 

^ This Assessment makes it clear that the impacts of future climate change will be mixed across regions. 
't; For increases in global mean temperature of less than 1 -30C above 1990 levels, some impacts are 
vl projected to produce benefits in some places and some sectors, and produce costs in other places and 
J; other sectors. It is, however, projected that some low latitude and polar regions will experience net 
^ costs even for small increases in temperature. It is very likely that all regions will experience either 
^ declines in net benefits or increases in net costs for increases in temperature greater than about 2-30C 
:, [9.ES, 9.5, 10.6, T109, 15.3, I5.ES]. These observations confirm evidence reported in the Third 

Assessment that, while developing countries are expected to experience larger percentage losses, 
./ global mean losses could be 1-5% GDP for4 0C of warming [F20.3]. 

; Many estimates of aggregate net economic costs of damages from climate change across the globe (i.e., 
| the social cost of carbon (SCC), expressed in terms of future net benefits and costs that are discounted 
i to the present) are now available. Peer-reviewed estimates of the SCC for 2005 have an average value 
j of US$43 per tonne of carbon (tC) (i.e., US$12 per tonne of carbon dioxide) but the range around this 
5 mean is large. For example, in a survey of 100 estimates, the values ran from US$-I0 per tonne of 
•: carbon (US$-3 per tonne of carbon dioxide) up to USS3.50/rC (US$95 per tonne of carbon dioxide) 
| [20.6]. 

\ The large ranges of SCC are due in the large part to differences in assumptions regarding climate 
f sensitivity, response lags, the treatment of risk and equity, economic and non-economic impacts, the 

inclusion of potentially catastrophic losses and discount rates. It is very likely that globally-
aggregated figures underestimate the damage costs because they cannot include many non-quantifiable 
impacts. Taken as a whole, the range of published evidence indicates that the net damage costs of 
climate change are likely to be significant and to increase over time [T20.3, 20.6, F20.4]. 

It is virtually certain that aggregate estimates of costs mask significant differences in impacts across 
sectors, regions, countries, and populations. In some locations and amongst some groups of people 
with high exposure, high sensitivity, and/or low adaptive capacity, net costs will be significantly larger 
than the global aggregate [20.6,20.ES, 7.4]. 
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"I , 
I D. Current knowledge about responding to climate change 

' j ; Some adaptation is occurring now, to observed and projected future climate change, 
•g but on a limited basis. 

% 
•J| There is growing evidence since the IPCC Third Assessment of human activity to adapt to observed 
j | and anticipated climate change. For example, climate change is considered in the design of 
j? infrastrucfure projects such as coastal defence in the Maldives and The Netherlands, and the 
% Confederation Bridge in Canada. Other examples include prevention of glacial lake outburst flooding 
^| in Nepal, and policies and strategies such as water management in Australia and government 
£ responses to heat waves in, for example, some European countries [7.6, 8.2, 8.6, 17.ES, 17.2, 16.5, 

^ Adaptation will be necessary to address impacts resulting from the warming which Is 
already unavoidable due to past emissions. 

I 
§ Past emissions are estimated to involve some unavoidable warming (about a further Q.60C by the end 
% of the century relative to 1980-1999) even if atmospheric greenhouse gas concentrations remain at 
% 2000 levels (see Working Group 1 Fourth Assessment). There are some impacts for which adaptation 
J; is the only available and appropriate response. An indication of these impacts can be seen in Table 
| SPM-I. 

A wide array of adaptation options is available, but more extensive adaptation than is 
| currently occurring is required to reduce vulnerability to future climate change. There 
;.; are barriers, limits and costs, but these are not fully understood. 

| Impacts are expected to increase with increases in global average temperature, as indicated in Table 
|; SPM-1. Although many early impacts of climate change can "be effectively addressed through 
t adaptation, the options for successful adaptation diminish and the associated costs increase with 
% increasing climate change. At present we do not have a clear picture of the limits to adaptation, or the 
I cost, partly because effective adaptation measures are highly dependent on specific, geographical and 
\ climate risk factors as well as institutional, political and financial constraints [7.6, 17.2, 17.4]. 

\ The array of potential adaptive responses available to human societies is very large, ranging from 
I purely technological (e.g., sea defences), through behavioural (e.g., altered food and recreational 
I choices), to managerial (e.g., altered farm practices) and to policy (e.g., planning regulations). While 
; most technologies and strategies are known and developed in some countries, the assessed literature 
* does not indicate how effective various options13 are at fully reducing risks, particularly at higher 

levels of warming and related impacts, and for vulnerable groups. In addition, there are formidable 
environmental, economic, in forma tiona], social, anitudinal and behavioural barriers to implementation 
of adaptation. For developing countries, availability of resources and building adaptive capacity are 
particularly important [see Sections 5 and 6 in Chapters 3-16; also 17.2, 17.4]. 

Adaptation alone is not expected to cope with all the projected effects of climate change, and 
especially not over the long run as most impacts increase in magnitude [Table SPM-I]. 

A tabic of options is given in the Technical Summaiy 
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Vulnerability to climate change can be exacerbated by the presence of other stresses. 

Non-climate stresses can increase vulnerability- to climate change by reducing resilience and can also 
reduce adaptive capacity because of resource deployment to competing needs. For example, current 
stresses on some coral reefs include marine pollution and chemical runoff from agriculture as well as 
increases in water temperature and ocean acidification. Vulnerable regions face multiple stresses that 
affect their exposure and sensitivity as well as their capacity to adapt. These stresses arise from, for 
example, current climate hazards, poverty and unequal access to resources, food insecurity, trends in 
economic globalisation, conflict, and incidence of disease such as HIV/AIDS [7.4, 8.3, 17.3. 20.3]. 
Adaptation measures are seldom undertaken in response to climate change alone but can be integrated 
within, for example,, water resource management, coastal defence, and risk reduction strategies f 17.2, 
17.5]. 

Future vulnerability depends not only on climate change but also on development 
pathway. 

An important advance since the IPCC Third Assessment has been the completion of impacts studies 
for a range of different development pathways taking into account not only projected climate change 
but also projected social and economic changes. Most have been based on characterisations of 
population and income level drawn from the IPCC Special Report on Emission Scenarios (SRES) (see 
Endbox 3) [2.4]. 

These studies show that the projected impacts of climate change can vary greatly due to the 
development pathway assumed. For example, there may be large differences in regional population, 
income and technological development under alternative scenarios, which are often a strong 
determinant of the level of vulnerability to climate change [2.4]. 

To illustrate, in a number of recent studies of global impacts of climate change on food supply, risk of 
coastal flooding and water scarcity, the projected number of people affected is considerably greater 
under the A2-type scenario of development (characterised by relatively low per capita income and 
large population growth) than under other SRES futures [T20.6]. This difference is largely explained, 
not by differences in changes of climate, but by differences in vulnerability [T6.6]. 

Sustainable development1 4 can reduce vulnerability to climate change, and climate 
change could impede nations' abilities to achieve sustainable development pathways. 

Sustainable development can reduce vulnerability to climate change by enhancing adaptive capacity 
and increasing resilience. At present, however, few plans for promoting sustainability have explicitly 
included either adapting to climate change impacts, or promoting adaptive capacity [20.3]. 

On the other hand, it is very likely that climate change can slow the pace of progress toward 
sustainable development either directly through increased exposure to adverse impact or indirectly 
through erosion ofthe capacity to adapt. This point is clearly demonstrated in the sections of the 
sectoral and regional chapters of this report that discuss implications for sustainable development [See 
Section 7 in Chapters 3-8, 20.3, 20.7]. 

The Millennium Development Goals (MDGs) are one measure of progress towards sustainable 
development. Over the next half-cenmrv. climate change could impede achievement of the MDGs 
[20.7]. 

" The Brundlland Commission definiu'on of sustainable development is used in this Assessment: "development ihat meets 
ihe needs of ihe present without compromising ihe ability of future gentratiohs io meet their own needs". The same 
definiuon was used by the IPCC Working Group II Third Assessment and Synthesis Reports. 
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Endbox 1. Definitions of key terms 

Climale change in IPCC usage refers to any change in climate over time, whether due to natural 
variability or as a result of human activity. This usage differs from that in the Framewortt Convention 
on Climate Change, where climale change refers to a change of climate that is attributed directly or 
indirectly to human activity that alters the composition of the global atmosphere and that is in addition 
to natural climate variability observed over comparable time periods. 

Adaptive capacity is the ability of a system to adjust to climate change (including climate variability 
and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the 
consequences. 

Vulnerability is the degree to which a system is susceptible to, or unable to cope with, adverse effects 
of climate change, including climate variability and extremes. Vulnerability is a function of the 
character, magnitude, and rate of climate change and variation to which a system is exposed, its 
sensitivity, and its adaptive capacity. 

This box of key definitions is taken from the Third Assessment and has been subject to prior line by line approval 
by the Panel. 

1 

Page 20 of 22 



Summary for Policymakere IPCC WGII Fourth Assessment Report 

Endboi 2. Communication of Uncertainty in the Working Group H Fourth Assessment 

A set of terms to describe uncertainties in current knowledge is common to all parts ofthe IPCC 
Fourth Assessment. 

Description of confidence 

Authors have assigned a confidence level to the major statements in the Technical Summary on the 
basis of their assessment of current knowledge, as follows: 

Terminology 
Very high confidence 
High confidence 
Medium confidence 
Low confidence 
Very low confidence 

Description of likelihood 

Degree of confidence in being correct 
At least 9 out of 10 chance of being correct 
About 8 out of 10 chance 
About 5 out of 10 chance 
About 2 out of 10 chance 
Less than a 1 out of 10 chance 

Likelihood refers to a probabilistic assessment of some well defined outcome having occurred or 
occurring in the future, and may be based on quantitative analysis or an elicitat ion of expert views. In 
the Technical Summary, when authors evaluate the likelihood of certain outcomes, the associated 
meanings are: 

Terminology 
Virtually certain 
Very likely 
Likely 
About as likely as not 
Unlikely 
Very unlikely 
Exceptionally unlikely 

Likelihood ofthe occurrence/ outcome 
>99% probability of occurrence 
90 to 99% probability 
66 to 90% probability 
33 to 66% probability 
10 to 33% probability 
1 to 10% probability 
<1% probability 
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Endbox 3. The Emission Scenarios ofthe IPCC Special Repon on Emission Scenarios (SRES) 

A I , The AI storyline and scenario family describes a future world of very rapid economic growth, 
global population lhat peaks in mid-century and declines thereafter, and the rapid introduction of new 
and more efficient technologies. Major underlying themes are convergence among regions, capacity 
building and increased cultural and social interactions, with a substantial reduction in regional 
differences in per capita income. The A1 scenario family develops into three groups that describe 
aitemative directions of technological change in the energy system. The three A1 groups are 
distinguished by their technological emphasis: fossil intensive (AlFI), non fossil energy sources 
(A IT), or a balance across all sources (A IB) (where balanced is defined as not relying too heavily on 
one particular energy source, on the assumption that similar improvement rates apply to all energy 
supply and end use technologies). 

A2. The A2 storyline and scenario family describes a very heterogeneous world. The underlying 
theme is self reliance and preservation of local identities. Fertility patterns across regions converge 
very slowly, which results in continuously increasing population. Economic development is primarily 
regionally oriented and per capita economic growth and technological change more fragmented and 
slower than other storylines. 

Bl . The Bl storyline and scenario family describes a convergent world with the same global 
population, that peaks in mid-century and declines thereafter, as in the AI storyline, but with rapid 
change in economic structures toward a service and information economy, with reductions in material 
intensity and the introduction of clean and resource efficient technologies. The emphasis is on global 
solutions to economic, social and environmental sustainability, including improved equity, but without 
additional climate initiatives. 

B2. The B2 storyline and scenario family describes a world in which the emphasis is on local solutions 
to economic, social and environmental sustainability. It is a world with continuously increasing global 
population, at a rate lower than A2, intermediate levels of economic development, and less rapid and-
more diverse technological change than in the B1 and A1 storylines. While the scenario is also 
oriented towards environmental protection and social equity, it focuses on local and regional levels. 

An illustrative scenario was chosen for each ofthe six scenario groups AlB, AlFI, AIT, A2, Bl and 
B2. All should be considered equally sound. 

The SRES scenarios do not include additional climate initiatives, which means that no scenarios are 
included that explicitly assume implementation of the United Nations Framework Convention on 
Climate Change or the emissions targets of the Kyoto Protocol. 

This box summarizing the SRES scenarios is taken from the Third Assessment and has been subject to prior line 
by line approval by the Panel. 
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4 A. Introduction 
:;! 
/ 1. The Working Group III contribution to the IPCC Founh Assessment Report (AJM) focuses on new 

A literature On the scientific, technological, environmental, economic and social aspects of mitigation 
i of climate change, published since the IPCC Third Assessment Report (TAR) and the Special 

1 Reports on CO: Capture and Storage (SRCCS) and on Safeguarding the Ozone Layer and the 

^ Global Climate System (SROC). 

; The following summary is organised into six sections after this introduction: 
': • Greenhouse gas (GHG) emission trends 

* Mitigation in the short and medium term., across different economic sectors (until 2030) 
• Mitigation in the long-term (beyond 2030) 

^ • Policies, measures and instruments to mitigate climate change 
v* * Sustainable development and climate change mitigation 
$ • Gaps in knowledge. 

^ References to the corresponding chapter sections are indicated at each paragraph in square 
*; brackets. An explanation of terms, acronyms and chemical symbols used in this SPM can be found 

1 i in the glossary to the main report. 

5; B. Greenhouse gas emission trends 

2. Global greenhouse gas (GHG) emissions have grown since pre-industrial times, with an 
increase of 70% between 1970 and 2004 (high agreement, much evidence)1. 

$ • Since pre-industrial times, increasing emissions of GHGs due to human activities have led 
to a marked increase in atmospheric GHG concentrations [ 1.3; Working Group I SPM]. 

] ! j • Between 1970 and 2004, giobai emissions of CO3, CR,, N2O, HFCs, PFCs and SFe, 
\- weighted by their global warming potential (GWP), have increased by 70% (24% between 
j 1990 and 2004), from 28.7 to 49 Gigatonnes of carbon dioxide equivalents (GtC02-cq)2 

i j (see Figure SPM. 1). The emissions of these gases have increased at different rates. CO; 
k emissions have grown between 1970 and 2004 by about 80% (28% between 1990 and 

2004) and represented 77% of total anthropogenic GHG emissions in 2004. 
- • The largest growth in global GHG emissions between 1970 and 2004 has come from the 

energy supply sector (an increase of 145%). The growth in direct emissions3 in this 
period from transport was 120%, industry 65% and land use, land use change, and 
forestry (LULUCF)*1 40%J. Between 1970 and 1990 direct emissions from agriculture 

Each headline siaiemeni has an "agree/nent/evidence" assessmeni anached lhat is supported by the bullets underneath. This 
does not necessarily mean thai this level of •"agreement'evidejice"applies lo each bullet. Endbox 1 provides an explanation of 
this representation of uncertainty. 
The definition of carbon dioxide equivalent (COreq) is the amouni of CO; emission lhat would cause the same radiative 
forcing as an emined amount of a well mixed greenhouse gas or a mixture of well mixed greenhouse gases, all multiplied with 
their respective GWPs to take into account the differing times they remain in the atmosphere [WG1 AR4 Glossary]. 
Direct emissions in each sector do not include emissions from the electricity sector for the electricity consumed in the building. 
industry and agricultural sectors or of the emissions from refinery operations supplying fuel to the transport sector. 
The term "land use. land use change and forestry" is used here to describe the aggregated emissions of CO;, CH* NjO from 
deforestation, biomass and burning, decay of biomass from logging and deforestation, decay of peat and peat fires [1.3.1]. This 
is broader than emissions from deforestation, which is included as a subset. The emissions reported here do not include carbon 
uptake (removals). 
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| t grew by 27% and from buildings by 26%, and the laner remained at approximately at 
§ 1990 levels thereafter. However, the buildings sector has a high level of electricity use 
I ; and hence the total of direct and indirect emissions in this sector is much higher (75%) 

than direct emissions [1.3, 6.1, 11.3, Figures I . I and 1.3]. 
t | • The effect on global emissions of the decrease in global energy intensity (-33%) during 1970 to 
M 2004 has been smaller than the combined effect of global per capita income growth (77 %) and 
J". global population growth (69%); both drivers of increasing energy-related CO2 emissions 
| | (Figure SPM.2). The long-term trend of a declining carbon intensity of energy supply reversed 

after 2000. Differences in terms of per capita income, per capita emissions, and energy 
^ intensity among countries remain significant. (Figure SPM.3). In 2004 UNFCCC Annex I 
i-f countries held a 20% share in world population, produced 57% of world Gross Domestic 
Cf Product based on Purchasing Power Parity (GDPppp)6, and accounted for 46% of global GHG 
J emissions (Figure SPMJa) [1.3]. 
| f • The emissions of ozone depleting substances (ODS) controlled under the Montreal 

I 
Protocol1-, which are a/so GHGs, have declined significantly since the 1990s. By 2004 the 
emissions of these gases were about 20% of their 1990 level [ 1.3]. 

• A range of policies, including those on climate change, energy security1, and sustainable 
development, have been effective in reducing GHG emissions in different sectors and 
many countries. The scale ofsuch measures, however, has not yet been large enough to 
counteract the global growth in emissions [1.3, 12.2]. 

3. With current climate change mitigation policies and related sustainable development 
practices, global GHG emissions will continue to grow over tbe next few decades (high 
agreement, much evidence). 
• The SRES (non-mitigation) scenarios project an increase of baseline global GHG emissions by 

a range of 9.7 GtCCb-eq to 36.7 GtCCVeq (25-90%) between 2000 and 20309 (Box SPM.l and 
Figure SPM.4). In these scenarios, fossil ftiels are projected to maintain their dominant position 
in the global energy mix to 2030 and beyond. Hence COj emissions between 2000 and 2030 
from energy use are projected to grow 40 to 110% over that period. Two thirds to three quarters 
of this increase in energy CO2 emissions is projected to come from non-Annex I regions, with 
their average per capita energy CO2 emissions being projected to remain substantially lower 
(2.8-5.1 tCCVcap) than those in Annex I regions (9.6-15.1 tCCh/cap) by 2030. According to 
SRES scenarios, their economies are projected to have a lower energy use per unit of GDP (6.2 
- 9.9 MJ/US$ GDP) than that of non-Annex I countries (] 1.0-21.6 MJ/USS GDP). [1.3, 3.2] 

This trend is for the total LULUCF emissions, of w hich emissions from deforestation are a subset and, owing to large data 
uncertainties, is significantly less certain than for other sectors. The rate of deforestation globally was slightly lower in the 
2000-2005 period than in the 1990-2000 period [9.2.1]. 
The GDPpp,. metric is used for illustrative purposes only for this report. For an explanation of PPP and Market Exchange Rate 
(MER) GDP calculations, see foomote 12. 
Ha/ons. chiorofiuorocarbons (CFCs), hydrochlorofiuorocarbons.(HCFCs). methyl chloroform (CH3CCI3), carbon tetrachloride 
(CCU) and methyl bromide <CH;Br). 
Energy security refers to security of energy supply. 
The SRES 2000 GHG emissions assumed here are 39.8 GiCO.-eq. i.e. lower than the emissions reported in thc EDGAR 
database for 2000 (45 GtCO;-eq). This is mostly due to differences in LULUCF emissions. 
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1970-2004. 100 year GWPs from IPCC 1996 
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(cf. UNFCCC reporting guidelines): CO?, CH4, 
N2O. HFCs, PFCs and SF6 from all sources are 
included. 
The two CO2 emission categories reflect CO? 
emissions from energy production and use 
(second from bottom) and from land use changes 
(thirdfrom the bottom) [Figure 1.1 a]. 

1970 1980 1990 2000 2004 
Figure SPM J: Global Warming Potential 
(GWP) weighted global greenhouse gas emissions 

Notes: 
1. Other N2O includes industrial processes, 

deforestation/savannah burning, waste water 
and waste incineration. 

2. Other is CH* from industrial processes and 
savannah burning. 

3. Including emissions from bioenergy 
production and use 

4. CO2 emissions from decay (decomposition) of 
above ground biomass that remains after 
logging and deforestation and CO2 from peat 
fires and decay of drained peat soils. 

5. As well as traditional biomass use at 10% of 
total, assuming 90% is from sustainable 
biomass production. Corrected for 10% 
carbon of biomass that is assumed to remain 
as charcoal after combustion, 

6. For large-scale forest and scrubland biomass 
burning averaged data for 1997-2002 based 
on Global Fire Emissions Data base satellite 
data. 

7. Cement production and natural gas flaring. 
8. Fossil fuel use includes emissions from 

feedstocks. 
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Figure SPM 2: Relative global development of Gross Domestic Product measured in PPP (GDPppp, 
Total Primary Energy Supply (TPES), CO; emissions (from fossil fuel burning, gas flaring and cement 
manufacturing) and Population (Pop). In addition, in dotted lines, the figure shows Income per capita 
(GDPppp/Pop), Energy Intensity (TPES/GDPPpp), Carbon Intensity of energy supply (COUPES), and 
Emission Intensity of the economic production process (COi/GDPPpp) for the period 1970-2004. 
[Figure 1.5] 
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Figure SPM 3a: Year 2004 distribution of regional per capita GHG Figure SPM 3b; Year 2004 distribution of regional GHG emissions 
emissions (all Kyoto gases, including those from land-use) over the (all Kyoto gases, including those from land-use) per US$ of GDPpp/, 
population of different country groupings. The percentages in the bars over the GDPppp of different country groupings. The percentages in 
indicate a regions share in global GHG emissions [Figure I.4aJ. the bars indicate a regions share in global GHG emissions [Figure 

1.4b]. 
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Figure SPM 4; Giobai GHG emissions for 2000 and projected baseline emissions10 for 2030 and 
2100 from IPCC SRES and the post-SRES literature. The figure provides the emissions from the six 
illustrative SRES scenarios. It also provides the frequency distribution ofthe emissions in the post-
SRES scenarios (5'h, 25,h, median, 75'h, 95'h percentile), as covered in chapter 3. F-gases cover 
HFCs, PFCs andSFs [1.3, 3.2, Figure 1.7]. [editorial change: subscripts in legend] 

4. Baseline emissions scenarios published since SRES10, are comparable in range to those 
presented in the IPCC Special Report on Emission Scenarios (SRES) (25- 135 GtCOz-eq/yr 
in 2100, see Figure SPM.4). (high agreement, much evidence) 
• Studies since SRES used lower values for some drivers for emissions, notably population 

projections. However, for those studies incorporating these new population projections, 
changes in other drivers, such as economic growth, resulted in little change in overali 
emission levels. Economic growth projections for Africa, Latin America and the Middle East 
to 2030 in post-SRES baseline scenarios are lower than in SRES, but this has only minor 
effects on gJobaJ economic growth and overall emissions [3.2]. 

• Representation of aerosol and aerosol precursor emissions, including sulphur dioxide, black 
carbon, and organic carbon, which have a net cooling effect" has improved. Generally, they 
are projected to be lower than reported in SRES [3.2]. 

• Available studies indicate that the choice of exchange rate for GDP (MER or PPP) does not 
appreciably affect the projected emissions, when used consistently12. The differences, if any, 

1 0 Baseline scenarios do not include additional climate policy above current ones; more recent studies differ with 
respect to UNFCCC and Kyoto Protocol inclusion. 

" See AR4 WG I report, chapter 10.2. 
! : Since TAR, there has been a debate on the use of different exchange rates in emission scenarios. Two metrics are 

used to compare GDP between countries. Use of MER is preferable for analyses involving internationally traded 
products. Use of PPP. is preferable for analyses involving comparisons of income between countries at very different 
stages of development. Most of the monetary units in this repon are expressed in MER. This reflects the large 
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are small compared to the uncertainties caused by assumptions on other parameters in the 
scenarios, e.g. technological change [3.2]. 

•a 

I 

Box SPM.l; The emission scenarios of the IPCC Special Report on Emission Scenarios (SRES) 

A1. The A I storyline and scenario family describes a future world of very rapid economic growth, 
global population that peaks in mid-century and declines thereafter, and the rapid introduction of 
new and more efficient technologies. Major underlying themes are convergence among regions, 
capacity building and increased cultural and social interactions, with a substantial reduction in 
regional differences in per capita income. The A l scenario family develops into three groups that 
describe aitemative directions of technological change in the energy system. The three A l groups 
are distinguished by their technological emphasis: fossil intensive (AlFI), non fossil energy sources 
(A 1T), or a balance across all sources (A IB) (where balanced is defined as not relying too heavily 
on one particular energy source, on the assumption that similar improvement rates apply to all 
energy supply and end use technologies). 

A2. The A2 storyline and scenario family describes a very heterogeneous world. The underlying 
theme is self reliance and preservation of local identities. Fertility patterns across regions converge 
very slowly, which results in continuously increasing population. Economic development is 
primarily regionally oriented and per capita economic growth and technological change more 
fragmented and slower than other storylines. 

B l . The Bl storyline and scenario family describes a convergent world with the same global 
population, that peaks in mid-century and declines thereafter, as in the A1 storyline, but with rapid 
change in economic structures toward a service and information economy, with reductions in 
material intensity and the introduction of clean and resource efficient technologies. The emphasis is 
on global solutions to economic, social and environmental sustainability, including improved 
equity, but without additional climate initiatives. 

B2. The B2 storyline and scenario family describes a world in which the emphasis is on local 
solutions to economic, social and environmental sustainability. It is a world with continuously 
increasing global population, at a rate lower than A2, intermediate levels of economic development, 
and less rapid and more diverse technological change than in the Bl and A l storylines. While the 
scenario is also oriented towards environmental protection and social equity, it focuses on local and 
regional levels. 

An iffustrative scenario was chosen for each of the six scenario groups AIB, A1 FI, A1T, A2, BI 
and B2. All should be considered equally sound. 

The SRES scenarios do not include additional climate initiatives, which means that no scenarios are 
included that explicitly assume implementation of the United Nations Framework Convention on 
Climate Change or the emissions targets of the Kyoto Protocol. 

This box summarizing the SRES scenarios is taken from the Tltird Assessment Report and has been 
subject to prior line by line approval by the Panel. ^^^^^ 

majority of emissions rmrigarion Jiferarure that is calibrated in MER. When monetary units are expressed in PPP. this 
is denoted by GOPp̂ ,. 
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BtfA1 JWf 2; Mitigation potential and analytical approaches 

The concept of "'mitigation potentia)'' has been developed to assess the scale of GHG reduciions 
that could be made, relative to emission baselines, for a given level of carbon price (expressed in 
cost per unit of carbon dioxide equivalent emissions avoided or reduced). Mitigation potential is 
further differentiated in terms of "market potential" and "economic potential". 

Market potential is the mitigation potential based on private costs and private discount rates13, 
which might be expected to occur under forecast market conditions, including policies and 
measures currently in place, noting that barriers limit actual uptake [2.4]. 

Economic potential is the mitigation potential, which takes into account social costs and benefits 
and social discount rates", assuming that market efficiency is improved by policies and measures 
and barriers are removed [2.4]. 

Studies of market potential can be used to inform policy makers about mitigation potential with 
existing policies and barriers, while studies of economic potentials show what might be achieved 
if appropriate new and additional policies were put into place to remove barriers and include 
social costs and benefits. The economic potential is therefore generally greater than the market 
potential. 

Mitigation potential is estimated using difTerent types of approaches. There are two broad classes 
- "bottom-up" and "top-down" approaches, which primarily have been used to assess the 
economic potential. 

Bottom-up studies are based on assessment of mitigation options, emphasizing specific 
technologies and regulations. They ane typicaJJy sectorai studies taking the macro-economy as 
unchanged. Sector estimates have been aggregated, as in the TAR, to provide an estimate of 
global mitigation potential for this assessment. 

Top-down studies assess the economy-wide potential of mitigation options. They use globally 
consistent frameworks and aggregated infonnation about mitigation options and capture macro-
economic and market feedbacks. 

Bottom-up and top-down models have become more similar since the TAR as top-down models 
have incorporated more technological mitigation options and bottom-up models have 
incorporated more macroeconomic and market feedbacks as well as adopting barrier analysis 
into their model structures. 

Bottom-up studies in particular are useful for the assessment of specific policy options at sectoral 
level, e.g. options for improving energy efficiency, while top-down studies are useful for 
assessing cross-sectoral and economy-wide climate change policies, such as carbon taxes and 

l j Private costs and discount rates reflect the perspective of private consumers and companies; see Glossary Tor a fuller 
description. 

1 4 Social costs and discount rates reflect the perspective of society. Social discount rates are lower than those used bv 
private investors: see Glossary for a fuller description. 
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stabilization policies. 

However, current bottom-up and top-down studies of economic potential have limitations in 
considering life-style choices, and in including all externalities such as local air pollution. They 
have limited representation of some regions, countries, sectors, gases, and barriers. The projected 
mitigation costs do not take into account potential benefits of avoided climate change. 

Box SPM J.* Assumptions in studies on mitigation portfolios and macro-economic costs 

Studies on mitigation portfolios and macro-economic costs assessed in this report are based on 
top-down modelling. Most models use a global least cost approach to mitigation portfolios and 
with universal emissions trading, assuming transparent markets, no transaction cost, and thus 
perfect implementation of mitigation measures throughout the 21" century. Costs are given for a 
specific point in time. 

Global modelled costs will increase if some regions, sectors (e.g. Jand-useX options or gases are 
excluded. Global modelled costs will decrease with lower baselines, use of revenues from carbon 
taxes and auctioned permits, and if induced technological learning is included. These models do 
not consider climate benefits and generally aiso co-benefits of mitigation measures, or equity 
issues. 

5. Both bottom-up and top-down studies indicate that there is substantial economic potential 
for the mitigation of global GHG emissions over the coining decades, that could offset the 
projected growth of global emissions or reduce emissions below current levels (high 
agreement, much evidence). 

Uncertainties in the estimates are shown as ranges in the tables below to reflect the ranges of 
baselines, rates of technological change and other factors that are specific to the different 
approaches. Furthermore, uncertainties also arise from the limited infomnation for global 
coverage of countries, sectors and gases. 

Bottom-up studies: 
• In 2030, the economic potential estimated for this assessment from bottom-up approaches 

(see Box SPM.2) is presented in Table SPM 1 below and Figure SPM 5A. For reference: 
emissions in 2000 were equal to 43 GtCOj-eq. [11.3]: 

11 
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raA/e SPM.l: Global economic miligaiion potential m 2030 estimated from bottom-up studies 
Carbon price Economic potential Reduction relative to Reduction Carbon price 

SRES A1 B relative to 
(68 GtC02-eq/yr) SRES B2 

(49 GtCO->-eq/yr) 
(USS/tCCVeq) (GtCCb-eq/yr) (%) C/o) 

0 5-7 7-10 10-14 

20 9-17 14-25 19-35 

50 13-26 20-38 27-52 
100 16-31 23-46 32-63 

• Studies suggest that mitigation opportunities with net negative costs" have the potential to 
reduce emissions by around 6 GtCOs-eq/yr in 2030. Realizing these requires dealing with 
implementation barriers [11.3]. 

• No one sector or technology can address the entire mitigation challenge. All assessed sectors 
contribute to the total (see Figure SPM 6). The key mitigation technologies and practices 
for the respective sectors are shown in TabJe SPM 3 [4.3, 4.4, 5.4, 6.5, 7.5, 8.4, 9.4, 10.4]. 

Top-down studies: 
• Top-down studies calculate an emission reduction for 2030 as presented in Table SPM 2 

below and Figure SPM 5B. The global economic potentials found in the top-down studies 
are in line with bottom-up studies fsee Box SPM 2), though there are considerable 
differences at the sectoral level [3.6]. 

Table SPM.2: Global economic mitigation potential in 2030 estimated from top-down studies. 
Carbon price 

(USS/tCOs-eq) 

Economic 
potential 

(GtC02-eq/yr) 

Reduction relative to 
SRES A l B 

(68 GtCCVeq/yr) 

(%) 

Reduction 
relative to 
SRES B2 

(49 GtCOz-eq/yr) 
(%) 

20 9-18 f ]3-27 18-37 
50 14-23 21-34 29-47 
100 17-26 25-38 35-53 

• The estimates in Table SPM 2 were derived from stabilization scenarios, i.e., runs towards 
long-run stabilization of atmospheric GHG concentration [3.6]. 

1 5 In this report, as in thc SAR and the TAR, oprions with net negative costs (no regrets opportunities) are defined as 
those options whose benefits such as reduced energy costs and reduced emissions of local/regional pollutants equal 
or exceed their costs to society, excluding the benefits of avoided climate change [see Box SPM 1). 

12 
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G t C C ^ q 

tow end of range high end of range 

t3<Q B<20 B<5Q •<100 USSrtC02-eq 

Figure SPM SA: 
Global economic mitigation potential in 
2030 estimated from bottom-up studies 
(data from Table SPM 1) 

GtCCVeq 

low end of range 

m<2Q m<5Q 

high end erf range 

:100 USSrtCOz-eq 

Figure SPM SB: 
Global economic mitigation potential in 
2030 estimatedfrom top-down studies 
(data from Table SPM 2) 
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Table SPM 3; Key mitigation technologies and practices by sector. Sectors and technologies are listed in no particular order. Non-technological 

Sector Key mitigation technologies and practices currently commercially 
available. 

Key mitigation technologies and practices projected to be 
commercialized before 2030. 

Energy Supply 
14.3, 4.4] 

Improved supply and dislribulion efficiency; fuel switching from coat 
to gas; nuclear power; renewable heat and power (hydropower, solar, 
wind, gcothermal and bioenergy); combined heat and power; early 
applications of CCS (e.g. storage of removed CO2 from natural gas) 

Carbon Capture and Storage (CCS) for gas. biomass and coal-fired 
electricity generating facilities; advanced nuclear power; advanced 
renewable energy, including tidal and waves energy, concentrating 
solar, and solar PV. 

Transport 
[5.4] 

More fuel efficient vehicles; hybrid vehicles; cleaner diesel vehicles; 
biofuels; modal shifts from road transport to rail and public transport 
systems; non-motorised transport (cycling, walking); land-use and 
transport pJanniiig 

Second generation biofuels; higher efficiency aircraft; advanced 
electric and hybrid vehicles with more powerful and reliable 
batteries 

Buildings 
[6.51 

Efficient lighting and daylighting; more efficient electrical appliances 
and heating and cooling devices; improved cook stoves, improved 
insulation ; passive and active solar design for heating and cooling; 
aitemative refrigeration fluids, recovery and recycle of fluorinated 
gases 

Integrated design of commercial buildings including technologies, 
such as intelligent meters that provide feedback and control; solar 
PV integrated in buildings 

Industry 
17.5] 

More efficient end-use electrical equipment; heat and power recovery; 
material recycling and substitution; control of non-CO: gas emissions; 
and a wide array of process-specific technologies 

Advanced energy efficiency; CCS for cement, ammonia, and iron 
manufacture; inert electrodes for aluminium manufacture 

Agriculture 
[8.4] 

Improved crop and grazing (and management to increase soil carbon 
storage; restoration of cultivated peaty soils and degraded lands; 
improved rice cultivation techniques and livestock and manure 
management to reduce CH« emissions; improved nitrogen fertilizer 
application techniques to reduce l^O emissions; dedicated energy 
crops to replace fossil fuel use; improved energy efficiency 

Improvements of crops yields 

Forestry/forests 
[9.4] 

Afforestation; reforestation; forest management; reduced deforestation; 
harvested wood product management; use of forestry products for 
bioenergy to replace fossil fuel use 

Tree species improvement to increase biomass productivity and 
carbon sequestration. Improved remote sensing technologies for 
analysis of vegetation/ soil carbon sequestration potential and 
mapping land use change 

Waste [10.4] Landfill methane recovery; waste incineration with energy recovery; 
composting of organic waste; controlled waste water treatment; 
recycling and waste minimization 

Biocovers and bio filters to optimize CH* oxidation 

14 
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Figure SPM 6: Estimated sectoral economic potential for global mitigation for different 
regions as a function of carbon price in 2030from bottom-up studies, compared to the 
respective baselines assumed in the sector assessments. A full explanation of the derivation 

5 of this figure is found in 11.3. 

Notes: 
L The ranges for global economic potentials as assessed in each sector are shown by 

vertical lines. The ranges are based on end-use allocations of emissions, meaning that 
10 emissions of electricity use are counted towards the end-use sectors and not to the 

energy supply sector. 
2. The estimated potentials have been constrained by the availability of studies particularly 

at high carbon price levels. 
5. . Sectors used different baselines. For industry ihe SRES B2 baseline was taken, for 

15 energy supply and transport the fVEO 2004 baseline was used; the building sector is 
based on a baseline in between SRES B2 and AlB; for waste, SRES AlB driving forces 
were used to construct a waste specific baseline, agriculture and forestry used baselines 
that mostly used B2 driving forces. 

4. Only global totals for transport are shown because international aviation is included 
20 [5.4]. 

5. Categories excluded are: non-C02 emissions in buildings and transport, part of material 
efficiency options, heat production and cogeneration in energy supply, heavy duty 
vehicles, shipping and high-occupancy passenger transport, most high-cost options for 
buildings, wastewater treatment, emission reduction from coal mines and gas pipelines, 

25 fluorinated gases from energy supply and transport. The underestimation of the total 
economic potential from these emissions is of the order of J 0-15%. 

15 
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10 

6. In 2030 macro-economic costs for multi-gas mitigation, consistent with emissions 
trajectories towards stabilization between 445 and 710 ppm COi-eq, are estimated 
at between a 3% decrease of global GDP and a small increase, compared to tbe 
baseline (see Table SPM.4). However, regional costs may differ significantly from 
global averages (high agreemeni, medium evidence) (see Box SPM.3 for the 
methodologies and assumptions of these results). 
• The majority of studies conclude that reduction of GDP relative to the GDP baseline 

increases with the stringency of the stabilization target. 

Table SPM.4: Estimated global macro-economic costs in 203(f* for least-cost trajectories 

Stabilization levels 

(ppm COj-eq) 

Median 
GDP reductiond) 

(%) 

Range of 
GDP reductiond>'c) 

(%) 

Reduction of average 
annual GDP growth 

rates1**5 

(percentage points) 
590-710 0.2 -0.6-1.2 <0.06 
535-590 0.6 0.2 - 2.5 <0.1 

445-5358, not available <3 <0.12 

15 

20 

a) For a given stabilization level, GDP reduction would increase over time in most models after 2030. Long-
ierm costs also become more uncertain. [Figure 3.25] 

b) Results based on studies using various baselines. 
c) Studies vary in terms ofthe point in time stabilization is achieved; generally this is in 2100 or later. 
d) This is global GDP based market exchange rates. 
e) The median and the IO* and 90 lb percentile range of the analyzed data are given. 
f) The calculation of the reduction of the annual growth rate is based on the average reduction during the 

period till 2030 that would result in the indicated GDP decrease in 2030. 
g) The number of studies that report GDP results is relatively small and they generally use low baselines. 

25 

30 

35 

Depending on the existing tax system and spending of the revenues, modelling 
studies indicate that costs may be substantially lower under the assumption that 
revenues from carbon taxes or auctioned permits under an emission trading system 
are used to promote low-carbon technologies or reform of existing taxes [11.4]. 
Studies that assume the possibility that climate change policy induces enhanced 
technological change also give lower costs. However, this may require higher 
upfront investment in order to achieve costs reductions thereafter [3.3, 3.4, 11.4, 
11.5, 11.6]. 
Although most models show GDP losses, some show GDP gains because they 
assume that baselines are non-optimal and mitigation poiicies improve market 
efficiencies, or they assume that more technological change may be induced by 
mitigation policies. Examples of market inefficiencies include unemployed 
resources, distortionary taxes and/or subsidies [3.3, 11.4]. 
A multi-gas approach and inclusion of carbon sinks generally reduces costs 
substantially compared to CO2 emission abatement only [3.3]. 
Regional costs are largely dependent on the assumed stabifization level and baseline 
scenario. The allocation regime is also important, but for most countries to a lesser 
extent than the stabilization level [] 1.4, 13.3]. 

16 
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7. Changes in lifestyle and behaviour patterns can contribute to climate change 
mitigation across all sectors. MaDagement practices can also have a positive role. 
(high agreement, medium evidence) 
• Lifestyle changes can reduce GHG emissions. Changes in lifestyles and 

5 consumption panems that emphasize resource conservation can contribute to 
developing a low-carbon economy that is both equitable and sustainable [4.1, 6.7]. 

• Education and training programmes can help overcome barriers to the market 
acceptance of energy efficiency, particularly in combination with other measures 
[Table 6.6]. 

10 • Changes in occupant behaviour, cultural patterns and consumer choice and use of 
technologies can result in considerable reduction in CO2 emissions related to energy 
use in buildings [6.7]. 

• Transport Demand Management, which includes urban planning (that can reduce the 
demand for travel) and provision of infonnation and educational techniques (that 

15 can reduce car usage and lead to an efficient driving style) can support GHG 
mitigation [5.1]. 

• In industry, management tools that include staff training, reward systems, regular 
feedback, documentation of existing practices can help overcome industrial 
organization barriers, reduce energy use, and GHG emissions [7.3]. 

20 
8. While studies use difTerent methodologies, in all analyzed world regions near-term 

health co-benefits from reduced air pollution as a result of actions to reduce GHG 
emissions can be substantial and may offset a substantial fraction of mitigation 
costs (high agreement, much evidence). 

25 • Including co-benefits other than health, such as increased energy security, and 
increased agricultural production and reduced pressure on natural ecosystems, due to 
decreased tropospheric ozone concentrations, would further enhance cost savings 
[11.8]. 

• Integrating air pollution abatement and climate change mitigation policies offers 
30 potentially large cost reductions compared to treating those policies in isolation 

[11.8]-

9. Literature since TAR confirms that there may be effects from Annex I countries 
action on the global economy and global emissions, although the scale of carbon 

35 leakage remains uncertain (high agreement, medium evidence). 
• Fossil fiael exporting nations (in both Annex 1 and non-Annex I countries) may 

expect, as indicated in TAR1 6, lower demand and prices and lower GDP growth due 
to mitigation policies. The extent of this spill over 7 depends strongly on 
assumptions related to policy decisions and oil market conditions [11.7]. 

,*i See TAR WG III (2001) SPM paragraph 16. 
17 Spill over effects of mitiearion in a cross-sectoral perspective are the effects of mitieation policies and 

measures in one country or group of countries on sectors in other countries. 
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• Critical uncertainties remain in the assessment of carbon leakage . Most 
equilibrium modelling suppon the conclusion in the TAR of economy-wide leakage 
from Kyoto action in the order of 5-20%, which would be less if competitive low-
emissions technologies were effectively diffused [11.7] . 

5 
10. New energy infrastructure investments in developing countries, upgrades of energy 

infrastructure in industrialized countries, and policies that promote energy 
security, can, in many cases, create opportunities (o achieve GHG emission 
reductions" compared to baseline scenarios. Additional co-benefits are country-

10 specific but often include air pollution abatement, balance of trade improvement, 
provision of modern energy sen ices to rural areas and employment (high 
agreement, much evidence). 
• Future energy infrastructure investment decisions, expected to total over 20 trillion 

USS" between now and 2030, will have Jong term impacts on GHG emissions, 
15 because of the long life-times of energy plants and other infrastructure capital stock. 

The widespread diffusion of low-carbon technologies may take many decades, even 
if early investments in these technologies are made attractive. Initial estimates show 
that returning global energy-related CO2 emissions to 2005 levels by 2030 would 
require a large shift in the pattern of investment, although the net additional 

20 investment required ranges from negligible to 5-10% [4.1,4.4, 11.6]. 
• It is often more cost-effective to invest in end-use energy efficiency improvement than 

in increasing energy supply to satisfy demand for energy services. Efficiency 
improvement has a positive effect on energy security, local and regional air pollution 
abatement, and employment [4.2, 4.3, 6.5, 7.7, 11.3, 11.8]. 

25 • Renewable energy generally has a positive effect on energy security, employment 
and on air quality. Given costs relative to other supply options, renewable electricity, 
which accounted for 18% of the electricity supply in 2005, can have a 30-35% share 
of the total electricity supply in 2030 at carbon prices up to 50 US$/tC02-eq [4.3, 
4.4, 11.3, 11.6, 11.8]. 

30 • The higher the market prices of fossil fuels, the more low-carbon alternatives wil] be 
competitive, although price volatility wil] be a disincentive for investors. Higher 
priced conventional oil resources, on the other hand, may be replaced by high carbon 
alternatives such as from oil sands, oil shales, heavy oils, and synthetic fuels from 
coal and gas. leading to increasing GHG emissions, unless production plants are 

35 equipped with CCS [4.2, 4.3, 4.4, 4.5J. 
• Given costs relative to other supply options, nuclear power, which accounted for 

16% of the electricity supply in 2005, can have an ] 8% share of the total electricity 
supply in 2030 at carbon prices up to 50 US$/tC02-eq, but safety, weapons 
proliferation and waste remain as constraints [4.2, 4.3, 4.4]30. 

'* Carbon leakage is defined as the increase in CO; emissions outside the countries taking domestic mitigation 
action divided by the reduction in tbe emissions of these countries. 

'* 20 trillion = 20000 bilIion= 20* IO13. 

2 0 Austria could not agree with this statement. 
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• CCS in underground geological formations is a new technology with the potential tb 
make an important contribution to mitigation by 2030. Technical, economic and 
regulatory developments will affect the actual contribution [4.3,4.4, 7.3], 

5 II. There are multiple mitigation options in the transport sector", but their effect may 
be counteracted by growth in tbe sector. Mitigation options are faced with many 
barriers, such as consumer preferences and Jack of policy frameworks (medium 
agreemeni, medium evidence), 
• improved vehicle efficiency measures, leading to fuel savings, in many cases have 

10 net benefits (at least for light-duty vehicles), but the market potential is much lower 
than the economic potential due to the influence of other consumer considerations, 
such as performance and size. There is not enough information to assess the 
mitigation potential, for heavy-duty vehicles. Market forces alone, including rising 
fuel costs, are therefore not expected to lead to significant emission reductions [5.3, 

1 15 5.4]. 
j • Biofiiels might play an important role in addressing GHG emissions in the transport 
| | sector, depending on their production pathway. Biofuels used as gasoline and diesel 
•jj fuel additives/substitutes are projected to grow to 3% of total transport energy 
| ' demand in the baseline in 2030. This could increase to about 5-10%, depending on 
g 20 future oil and carbon prices, improvements in vehicle efficiency and the success of 
f, technologies to utilise ceNulose biomass [5.3, 5.4]. 
¥ • Modal shifts from road to rail and to inland and coastal shipping and from low-
£; i occupancy to high-occupancy passenger transportation22, as well as land-use, urban 
I planning and non-motorized transport offer opportunities for GHG mitigation, 
| 25 depending on local conditions and policies [5.3, 5.5], 
| • Medium term mitigation potential for CO2 emissions from the aviation sector can 
P come from improved fuel efficiency, which can be achieved through a variety of 
5 means, including technology, operations and air traffic management. However, such 
^ improvements are expected to only partially offset the growth of aviation emissions. 
§ 30 Total mitigation potential in the sector would also need to account for non-COj 
I climate impacts of aviation emissions [5.3, 5.4]. 
6 • Realizing emissions reductions in the transport sector is often a co-benefit of 
£ addressing traffic congestion, air quality and energy security [5.5]. 
*! 
• 35 12. Energy efficiency optionsJJ for new and existing buildings could considerably 
: reduce CO2 emissions with net economic benefit. Many barriers exist against 

tapping this potential, but there are also large co-benefits (high agreement, much 
} evidence). 

• By 2030, about 30% ofthe projected GHG emissions in the building sector can be 
40 avoided with net economic benefit [6.4, 6.5]. 

; See Table SPM.l and Figure SPM.6. 
; Including rail, road and marine mass transit and carpooling. 
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• Energy efficient buildings, while limiting the growth of CO: emissions, can also 
improve indoor and outdoor air quality, improve social welfare and enhance energy 
security [6.6, 6.7]. 

• Opportunities for realising GHG reductions in the building sector exist worldwide. 
5 However, multiple barriers make it difficult to realise this potential. These barriers 

include availability of technology, financing, poverty, higher costs of reliable 
information, limitations inherent in building designs and an appropriate portfolio of 
policies and programs [6.7, 6.8]. 

• The magnitude of the above barriers is higher in the developing countries and this 
10 makes it more difficult for them to achieve the GHG reduction potential ofthe 

building sector [6.7]. 

13. The economic potential in the industrial sector11 is predominantly located in energy 
intensive industries. Full use of available mitigation options is not being made in 

15 either industrialized or developing nations (high agreement, much evidence). 
• Many industrial facilities in developing countries are new and include the latest 

technology with the lowest specific emissions. However, many older, inefficient 
facilities remain in both industrialized and developing countries. Upgrading these 
facilities can deliver significant emission reductions [7.1, 7.3, 7.4]. 

20 • The slow rate of capital stock turnover, lack of financial and technical resources, and 
limitations in the ability of firms, particularly small and medium-sized enterprises, 
to access and absorb technological information are key barriers to full use of 
available mitigation options [7.6]. 

25 14. Agricultural practices collectively can make a significant contribution at low cost11 

to increasing soil carbon sinks, to GHG emission reductions, and by contributing 
biomass feedstocks for energy use (medium agreement, medium evidence). 
• A large proportion of the mitigation potentia] of agriculture (excluding bioenergy) 

arises from soil carbon sequestration, which has strong synergies with sustainable 
30 agriculture and generally reduces vulnerability to climate change [8.4, 8.5, 8.8]. 

• Stored soil carbon may be vulnerable to loss through both land management change 
and climate change [8.10]. 

• Considerable mitigation potential is also available from reductions in methane and 
nitrous oxide emissions in some agricultural systems [8.4, 8.5]. 

35 • There is no universally applicable list of mitigation practices; practices need to be 
evaluated for individual agricultural systems and settings [8.4]. 

• Biomass from agricultural residues and dedicated energy crops can be an important 
bioenergy feedstock, but its contribution to mitigation depends on demand for 
bioenergy from transport and energy supply, on water availability, and on 

40 requirements of land for food and fibre production. Widespread use of agricultural 
land for biomass production for energy may compete with other land uses and can 
have positive and negative environmental impacts and implications for food security 
[8.4, 8.8]. 

20 
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15. Forest-related mitigation activities can considerably reduce emissions from sources 
i ] and increase CO2 removals by sinks af low costs", and can be designed to create 
;| synergies with adaptation and sustainable development (h\%h agreement, much 
\ ^ evidence)''1. 

5 • About 65% of the total mitigation potentiai (up to 100 USS/tCCVeq) is located in 
the tropics and about 50% of the tota) couid be achieved by reducing emissions from 
deforestation [9.4]. 

• Climate change can affect the mitigation potential of the forest sector (i.e., native 
and planted forests) and is expected to be different for different regions and sub-

10 regions, both in magnitude and direction [9.5]. 
)t • Forest-re lated mitigation options can be designed and implemented to be compatible 

I with adaptation, and can have substantial co-benefits in terms of employment, 
income generation, biodiversity and watershed conservation, renewable energy 
supply and poverty alleviation [9.5, 9.6, 9.7]. 

1 ,5 
I 16. Post-consumer waste" is a small contributor to global GHG emissions15 (<5%), but 
<§ the waste sector can positively contribute to GHG mitigation at low cost" and 
•£ promote sustainable development (high agreemeni, much evidence), 
fi • Existing waste management practices can provide effective mitigation of GHG 
^ 20 emissions from this sector: a wide range of mature, environmentally effective 
A technologies are commercially available to mitigate emissions and provide co-

benefits for improved public health and safety, soil protection and pollution 
\ prevention, and local energy supply [10.3, 10.4, 10.5]. 

• Waste minimization and recycling provide important indirect mitigation benefits 
;| 25 through the conservation of energy and materials [10.4]. 
f • Lack of local capital is a key constraint for waste and wastewater management in 

developing countries and countries with economies in transition. Lack of expertise 
on sustainable technology is also an important barrier [ 10.6]. 

'L 

30 17. Geo-engi nee ring options, such as ocean fertilization to remove CO2 directly from 
•• the atmosphere, or blocking sunlight by bringing material into the upper 
-. atmosphere, remain largely speculative and un proven, and with the risk of 

unknown side-effects. Reliable cost estimates for these options have not been 
published (medium agreement, limited evidence) [11.2]. 

Tuvalu noted difficulties with the reference to "low costs" as Chapter 9, page 15 of thc WG 111 report states 
thai; 'the cost of forest mitigation projects rise significantly when opportunity costs of land are taken into 
account". 
Indusuial waste is covered in the industry sector. 
GHGs from waste include landfill and wastewater methane, wastewater N ;0, and CO: from incineration of 
fossil carbon. 

— 



3$ 

-% Summary for Policymakere 

1 f 

i | D. Mitigation in the long term (after 2030) 

J 18. In order to stabilize the concentration of GHGs in the atmosphere, emissions would 
Cf need to peak and decline thereafter. The lower tbe stabilization level, the more 

5 quickly this peak and decline would need to occur. Mitigation efforts over the next 
two to three decades will have a large impact on opportunities to achieve lower 

f stabilization levels (see Table SPM.5, and Figure SPM. 8)" {high agreement, much 
5; evidence). 

8 
? 10 • Recent studies using multi-gas reduction have explored lower stabilization levels than 
- j reported in TAR [3.3]. 
J • Assessed studies contain a range of emissions profiles for achieving stabilization of 
^ GHG concentrations". Most of these studies used a least cost approach and include 
>| both early and delayed emission reductions (Figure SPM.7) [Box SPM 2]. Table 
: | 15 SPM.5 summarizes the required emissions levels for different groups of stabilization 
| concentrations and the associated equilibrium global mean temperature increase*', 
f using the 'best estimate' of climate sensitivity (see also Figure SPM.8 for the likely 

range of un certainty y . Stabilization at lower concentration and related equilibrium 
j temperature levels advances the date when emissions need to peak, and requires 
i1 20 greater emissions reductions by 2050 [3.3]. 

Paragraph 2 addresses hisiorical GHG emissions since pre-industrial limes. 
: ' Studies vary in terms of the point in time stabilization is achieved; generally this is around 2100 or later. 
:* The information on global mean temperature is taken from the AR4 WG1 report, chapter 10.8. These 

temperatures are reached well after concentrations are stabilized. 
^ The equilibrium climate sensitivity is a measure of the climate system response to sustained radiative 

forcing. It is not a projection but is defined as the global average surface warming following a doubling of 
carbon dioxide concentrations [AR4 WGI SPM]. 
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Table SPM.5 Characteristics of post-TAR stabilization scenarios [Table TS 2, 3J0f 

Category Radiative 
Forcing 

(W/m21 

Concentration^ 

(PPm) 

C02-eq 
Concentration0 

(ppm) 

Global mean 
temperature increase 

above pre-industrial at 
equilibrium, using 

"best estimate" 
climate sensitivityb',c) 

CQ 

Peaking year 
for CO2 

emissions'11 

(year) 

Change in 
global CO; 
emissions in 
2050(% of 

2000 
emissions)*11 

(%) 

No. of 
assessed 
scenarios 

1 2.5-3.0 350-400 445 - 490 2.0-2.4 2000-2015 -85 to -50 6 
II 3.0-3.5 400 - 440 490-535 2.4-2.8 2000 - 2020 -60 to -30 18 
III 3.5 - 4.0 440 - 485 535 - 590 2.8-3.2 2010-2030 -30 to +5 21 
IV 4.0-5.0 485-570 590-710 3.2-4.0 2020 - 2060 + 10 to +60 118 
V 5.0-6.0 570-660 710-855 4.0-4.9 2050 - 2080 +25 to +85 9 
VI 6.0 - 7.5 660 - 790 855- 1130 4.9-6.1 2060 - 2090 +90 to+140 5 

Total 177 

the carbon cycle and climate change affect the required mitigation for a particular stabilization level of atmospheric carbon dioxide concentration. These 
feedbacks are expected to increase the fraction of anthropogenic emissions that remains in the atmosphere as the climate system warms. Therefore, the 

^ emission reductions to meet a particular stabilization level reported in the mitigation studies assessed here might be underestimated. 
' The best estimate of climate sensitivity is 3 0C [WG I SPM]. 

c ) Note that global mean temperature at equilibrium is different from expected global mean temperature at the time of stabilization of GHG concentrations due to 
^ the inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentrations occurs between 2100 and 2150. 

1 1 Ranges correspond to the 15 l h to 85'h percentile of the post-TAR scenario distribution. COi emissions are shown so multi-gas scenarios can be compared with 
CO z-only scenarios. 
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Figure SPM 7; Emissions pathways of mitigation scenarios for alternative categories of 
stabilization levels (Category I to VI as defined in the box in each panel). The pathways are 
for COj emissions only. Light brown shaded areas give the CO? emissions for the post-TAR 
emissions scenarios. Green shaded areas depict the range of more than 80 TAR 
stabilization scenarios. Base year emissions may differ betM:een models due to differences in 
sector and industry coverage. To reach the lower stabilization levels some scenarios deploy 
removal of C02from the atmosphere (negative emissions) using technologies such as 
biomass energy production utilizing carbon capture and storage. [Figure 3.17] 
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Figure SPM 8: Stabilization scenario categories as reported in Figure SPM, 7 (coloured 
bands) and their relationship to equilibrium global mean temperature change above pre-

5 industrial, using (i) "best estimate " climate sensitivity of 3°C (black line in middle of 
shaded area), (ii) upper bound of likely range of climate sensitivity of4.5°C (red line at top 
of shaded area) (iii) lower bound of likely range of climate sensitivity of 20C (blue line at 
bottom of shaded area). Coloured shading shows the concentration bands for stabilization 
of greenhouse gases in the atmosphere corresponding to the stabilization scenario 

10 categories I to VI as indicated in Figure SPM. 7. The data are drawn from AR4 WGI, 
Chapter J 0.8. 

19. Tbe range of stabilization levels assessed can be achieved by deployment of a 
portfolio of technologies that are currently available and those that are expected to 

15 be commercialised in coming decades. This assumes that appropriate and effective 
incentives are in place for development, acquisition, deployment and diffusion of 
technologies and for addressing related barriers (high agreement, much evidence). 
• The contribution of different technologies to emission reductions required for 

stabilization will vary over time, region and stabilization level. 
20 o Energy efficiency plays a key role across many scenarios for most regions 

and timescales. 
o For lower stabilization levels, scenarios put more emphasis on the use of 

low-carbon energy sources, such as renewable energy and nuclear power, 
and the use of CO2 capture and storage (CCS). In these scenarios 

25 improvements of carbon intensity of energy supply and the whole 
economy need to be much faster than in the past, 

c Including non-COj and CO: land-use and forestry mitigation options 
provides greater flexibility and cost-effectiveness for achieving 
stabriizarion. Modem bioenergy could contribute substantially to the share 

30 of renewable energy in the mitigation portfolio. 
0 For illustrative examples of portfolios of mitigation options, see figure 

SPM.9[3.3,3.4]. 
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10 

Investments in and world-wide deployment of low-GHG emission technologies as 
well as technology improvements through public and private Research, 
Development & Demonstration (RD&D) would be required for achieving 
stabilization targets as well as cost reduction. The lower the stabilization levels, 
especially those of 550 ppm CCVeq or lower, the greater the need for more efficient 
RD&D efforts and investment in new technologies during the next few decades. 
This requires that barriers to development, acquisition, deployment and diffusion of 
technologies are effectively addressed. 
Appropriate incentives could address these barriers and help realize the goals across 
a wide portfolio of technologies. [2.7, 3.3, 3.4, 3.6, 4.3, 4.4, 4.6], 

15 

20 
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Figure SPM 9; Cumulative emissions reductions for aitemative mitigation measures for 
2000 to 2030 (left-hand panel) and for 2000-2100 (right-hand panel). The figure shows 
illustrative scenarios from four models (AIM, IMAGE, IPAC and MESSAGE) aiming at the 
stabilization at 490-540ppm COz-eq and levels of650ppm CO^eq, respectively. Dark bars 
denote reductions for a target of650ppm COz-eq and light bars the additional reductions 
lo achieve 490-540 ppm CO^eq. Note that some models do not consider mitigation through 
forest sink enhancement (AIM and IPAC) or CCS (AIM) and that the share of low-carbon 
energy options in total energy supply is also determined by inclusion of these options in the 
baseline. CCS includes carbon capture and storage from biomass. Forest sinks include 
reducing emissions from deforestation. [Figure 3.23] 
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20. In 2050M global average macro-economic costs for multi-gas mitigation towards 
stabilization between 7J0 and 445 ppro CC^-eq, are between a 1% gain to a 5.5% 
decrease of global GDP (see Table SPM.6). For specific countries and sectors, costs 
vary considerably from tbe global average. (See Box SPM.3 for the methodologies 
and assumptions and paragraph 5 for explanation of negative costs) (high 
agreemeni, medium evidence). 

Table SPM.6: Estimated global macro-economic costs in 2050 relative to the baseline for 

Stabilization levels 

(ppm C02-eq) 

Median 
GDP reductionb> 

(%) 

Range of GDP 
reduction10-0 

(%) 

Reduction of average 
annual GDP growth 

rates1*35 

(percentage points) 
590-710 0.5 -1-2 <0.05 
535-590 1.3 slightly negative - 4 <0J 

445- 535e, not available <5.5 <0.12 
10 a) This corresponds to the full literature across all baselines and mitigation scenarios that provide GDP 

numbers. 
b ) This is global GDP based market exchange rates. 
c ) The median and the XQ01 and ^percentile range ofthe analyzed data are given. 
^ The calculation of the reduction of the annual growth rate is based on the average reduction during the 

15 period until 2050 that would result in the indicated GDP decrease in 2050. 
e l The number of studies is relatively small and they generally use low baselines. High emissions baselines 

generally lead to higher costs. 

21. Decision-making about the appropriate level of global mitigation over time 
20 involves an iterative risk management process that includes mitigation and • 

adaptation, taking into account actual and avoided climate change damages, co-
benefits, sustainability, equity, and attitudes to risk. Choices about tbe scale and 
timing of GHG mitigation involve balancing the economic costs of more rapid 
emission reductions now against the corresponding medium-term and long-term 

25 climate risks of delay [high agreement, much evidence]. 
• Limited and early analytical results from integrated analyses ofthe costs and 

benefits of mitigation indicate that these are broadly comparable in magnitude, but 
do not as yet permit an unambiguous determination of an emissions pathway or 
stabilization level where benefits exceed costs {3.5], 

30 • Integrated assessment of the economic costs and benefits of different mitigation 
pathways shows that the economically optimal timing and level of mitigation 
depends upon the uncertain shape and character ofthe assumed climate change 
damage cost curve. To illustrate this dependency: 

o if the climate change damage cost curve grows slowly and regularly, and 
35 there is good foresight (which increases the potential for timely adaptation), 

later and less stringent mitigation is economically justified,-

c alternatively if the damage cost curve increases steeply, or contains non-
linearities (e.g. vulnerability thresholds or even small probabilities of 

Cost estimates for 2030 are presented in paragraph 5, 
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10 

caiastrophic events), earlier and more stringent mitigation is economically 
justified [3.6]. 

Climate sensitivity is a key uncertainty for mitigation scenarios that aim to meet a 
specific temperature level. Studies show that if climate sensitivity is high then the 
timing and level of mitigation is earlier and more stringent than when it is low [3.5, 
3.6]. 
Delayed emission reductions lead to investments that lock in more emission-
intensive infrastructure and development pathways. This significantly constrains the 
opportunities to achieve lower stabilization levels (as shown in Table SPM.5) and 
increases the risk of more severe climate change impacts [3.4, 3.1, 3.5, 3.6] 

15 

20 

Box SPM.4: Modelling induced technological change 

Relevant literature implies that policies and measures may induce technological change. 
Remarkable progress has been achieved in applying approaches based on induced 
technological change to stabilisation studies; however, conceptual issues remain. In the 
models that adopt these approaches, projected costs for a given stabilization level are 
reduced; the reductions are greater at lower stabilisation levels. 

E. Policies, measures and instruments to mitigate climate change 

25 22. A wide variety of national policies and instruments are available to governments to 
create the incentives for mitigation action. Their applicability depends on national 
circumstances and an understanding of their interactions, but experience from 
implementation in various countries and sectors shows there are advantages and 
disadvantages for any given instrument (high agreement, much evidence). 

30 • Four main criteria are used to evaluate policies and instruments: environmental 
effectiveness, cost effectiveness, distributional effects, including equity, and 
institutional feasibility [13.2]. 

• AU instruments can be designed well or poorly, and be stringent or lax. In addition, 
monitoring to improve implementation is an important issue for all instruments. 

35 General findings about the performance of po/icies are: [7.9, 12.2,13.2] 
o Integrating climate policies in broader development policies makes 

implementation and overcoming barriers easier, 
o Regulations and standards generally provide some certainty about emission 

levels. They may be preferable to other instruments when information or other 
40 barriers prevent producers and consumers from responding to price signals. 

However, they may not induce innovations and more advanced technologies, 
c Taxes and charges can set a price for carbon, but cannot guarantee a particular 

level of emissions. Literature identifies taxes as an efficient way of 
internalizing costs of GHG emissions. 
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o Tradable permits will establish a carbon price. The volume of allowed 
emissions determines their environmental effectiveness, while the allocation of 
permits has distributional consequences. Fluctuation in the price of carbon 
makes it difficult to estimate the total cost of compiying with emission permits. 

5 o Financial incentives (subsidies and tax credits) are frequently used by 
governments to stimulate the development and diffusion of new technologies. 
While economic costs are generally higher than for the instruments listed 
above, they are often critical to overcome barriers, 

o Voluntary agreements between industry and governments are politically 
10 attractive, raise awareness among stakeholders, and have played a role in the 

evolution of many national policies. The majority of agreements has not 
achieved significant emissions reductions beyond business as usual. However, 
some recent agreements, in a few countries, have accelerated the application of 
best available technology and led to measurable emission reductions. 

15 o Information instruments (e.g. awareness campaigns) may positively affect 
environmental quality by promoting informed choices and possibly 
contributing to behavioural change, however, their impact on emissions has not 
been measured yet. 

o RD&D can stimulate technological advances, reduce costs, and enable progress 
20 toward stabilization. 

• Some corporations, local and regional authorities, NGOs and civil groups are 
adopting a wide variety of voluntary actions. These voluntary actions may limit 
GHG emissions, stimulate innovative policies, and encourage the deployment of 
new technologies. On their own, they .generally have limited impact on the national 

25 or regional level emissions [13.4]. 
• Lessons learned from specific sector application of national policies and 

instruments are shown in Table SPM.7. 

23. Policies that provide a real or implicit price of carbon could create incentives for 
30 producers and consumers to significantly invest in low-GHG products, 

technologies and processes. Such policies could include economic instruments, 
government funding and regulation (high agreement, much evidence). 
• An effective carbon-price signal could realize significant mitigation potential in all 

sectors [11.3, 13.2]. 
35 • Modelling studies (see Box SPM.3) show carbon prices rising to 20 to 80 

US$/tC02-eq by 2030 and 30 to 155 USSAOVeq by 2050 are consistent with 
stabilization at around 550 ppm C02-eq by 2100. For the same stabilization level, 
studies since TAR that take into account induced technological change lower these 
price ranges to 5 to 65 USS/tCO êq in 2030 and 15 to 130 US$/tC02-eq in 2050 

40 [3.3, 11.4, 11.5J. 
• Most top-down, as well as some 2050 bonom-up assessments, suggest that real or 

implicit carbon prices of 20 to 50 USS/tCOreq. sustained or increased over decades, 
could lead to a power generation sector with low-GHG emissions by 2050 and make 
many mitigation options in the end-use sectors economically attractive. [4.4,11.6] 
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• Barriers to the implementation of mitigation options are manifold and vary by 
country and sector. They can be related to financial, technological, institutional, 
informational and behavioural aspects [4.5, 5.5, 6.7, 7.6. 8.6, 9.6, 10.5]. 

5 Table SPM. 7: Selected sectoral policies, measures and instruments that have shown to be 

Sector Polic^es",, measures and iostruments 
shown to be environmentally effective 

Key constraints or 
opportunities 

Energy supply [4.5] Reduction of fossil fuel subsidies Resistance by vested interests Energy supply [4.5] 
Taxes or carbon charges on fossil fuels may make them difficult to 

implement 

Energy supply [4.5] 

Feed-in tariffs for renewable energy 
technologies 

May be appropriate to create 
markets for low emissions 

Energy supply [4.5] 

Renewable energy obligations technologies 

Energy supply [4.5] 

Producer subsidies 
Transport [5.5] Mandatory fuel economy, biofiiel blending 

and CO: standards for road transport 
Partial coverage of vehicle fleet 
may limit effectiveness 

Transport [5.5] 

Taxes on vehicle purchase, registration, use 
and motor fuels, road and parking pricing 

Effectiveness may drop with 
higher incomes 

Transport [5.5] 

Influence mobility needs through land use 
regulations, and infrastructure planning 

Particularly appropriate for 
countries that are building up 
their transportation systems 

Transport [5.5] 

Investment in attractive public transport 
facilities and non-motorised forms of 
transport 

Particularly appropriate for 
countries that are building up 
their transportation systems 

Buildings [6.8] Appliance standards and labelling Periodic revision of standards 
needed 

Buildings [6.8] 

Building codes and certification Attractive for new buildings. 
Enforcement can be difficult 

Buildings [6.8] 

Demand-side management programmes Need for regulations so that 
utilities may profit 

Buildings [6.8] 

Public sector leadership programmes, 
including procurement 

Government purchasing can 
expand demand for energy-
efficient products 

Incentives for energy service companies 
(ESCOs) 

Success factor: Access to third 
party financing 

Industry [7.9] Provision of benchmark information May be appropriate to stimulate 
technology uptake. Stability of 
national policy important in 
view of international 
competitiveness 

Industry [7.9] 
Performance standards 

May be appropriate to stimulate 
technology uptake. Stability of 
national policy important in 
view of international 
competitiveness 

Industry [7.9] 

Subsidies, tax credits 

May be appropriate to stimulate 
technology uptake. Stability of 
national policy important in 
view of international 
competitiveness 

Tradable permits Predictable allocation 
mechanisms and stable price 
signals important for 
investments 

Voluntary agreements Success factors include: clear 
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Sector Policies**, measures and instruments 
shown to be environmentallv effective 

Key constraints or 
opportunities 
targets, a baseline scenario, 
third party involvement in 
design and review and formal 
provisions of monitoring, close 
cooperation between 
government and industry. 

Agriculture [8.6, 
8.7, 8.8] 

Financial incentives and regulations for 
improved land management, maintaining 
soil carbon content, efficient use of 
fertilizers and irrigation 

May encourage synergy with 
sustainable development and 
with reducing vulnerability to 
climate change, thereby 
overcoming barriers to 
implementation 

Forestry/Forests 
[9.6] 

Financial incentives (national and 
international) to increase forest area, to 
reduce deforestation, and to maintain and 
manage forests 

Constraints incJude lack of 
investment capital and land 
tenure issues. Can help poverty 
alleviation. 

Forestry/Forests 
[9.6] 

Land use regulation and enforcement 

Constraints incJude lack of 
investment capital and land 
tenure issues. Can help poverty 
alleviation. 

Waste management 
[10.5] 

Financial incentives for improved waste and 
wastewater management 

May stimulate technology 
diffiision 

Waste management 
[10.5] 

Renewable energy incentives or obligations Local availability of low-cost 
fuel 

Waste management 
[10.5] 

Waste management regulations Most effectively applied at 
national level with enforcement 
strategies 

a ) Public RD&D investment in low emission technologies have proven to be effective in all sectors. 

10 

15 

24. Government support through financial contributions, tax credits, standard setting 
and market creation is important for effective technology development, innovation 
and deployment Transfer of technoJogy to developing countries depends on 
enabling conditions and financing (high agreement, much evidence). 
• Public benefits of RD&D investments are bigger than the benefits captured by the 

private sector, justifying government support of RD&D. 
• Government funding in real absolute terms for most energy research programmes 

has been flat or declining for nearly two decades (even after the UNFCCC came into 
force) and is now about half of the 1980 level [2.7, 3.4, 4.5, 11.5, 13.2]. 

• Governments have a crucial supportive role in providing appropriate enabling 
environment, such as, institutional, policy, legal and regulatory frameworks11, to 
sustain investment flows and for effective technology transfer - without which it 
may be difficult to achieve emission reductions at a significant scale. Mobilizing 

See che IPCC Special Report on Methodological and Technological Issues in Technology Transfer. 
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financing of incremental costs of low-carbon technologies is important. International 
technology agreements could strengthen the knowledge infrastructure [13.3]. 

• The potential beneficial effect of technology transfer to developing countries 
brought about by Annex I countries action may be substantial, but no reliable 

5 estimates are available [ 11.7], 
• Financial flows to developing countries through CDM projects have the potential to 

reach levels of the order of several billions USS per year", which is higher than the 
flows through the Global Environment Facility (GEF), comparable to the energy 
oriented development assistance flows, but at least an order of magnitude lower than 

10 total foreign direct investment flows. The financial flows through CDM, GEF and 
development assistance for technology transfer have so far been limited and 
geographically unequally distributed [12.3, 13.3]. 

25. Notable achievements of the UNFCCC and its Kyoto protocol are the 
15 establishment of a global response to the climate problem, stimulation of an array 

of national policies, the creation of an international carbon market and the 
establishment of new institutional mechanisms that may provide the foundation for 
future mitigation efforts (high agreement, much evidence). 
• The impact of the protocol's first commitment period relative to global emissions is 

20 projected to be limited. Its economic impacts on participating Annex-B countries are 
projected to be smaller than presented in TAR, that showed 0.2-2% lower GDP in 
2012 without emissions trading, and 0.1-1.1% lower GDP with emissions trading 
among Annex-B countries [1.4, 11.4, 13.3]. 

25 26. The literature identifies many options for achieving reductions of global GHG 
emissions at the international level through cooperation. It also suggests that 
successful agreements are environmentally effective, cost-effective, incorporate 
distributional considerations and equity, and are institutionally feasible (high 
agreement, much evidence). 

30 • Greater cooperative efforts to reduce emissions will help to reduce global costs for 
achieving a given level of mitigation, or will improve environmental effectiveness 
[13.3]. 

• Improving, and expanding the scope of, market mechanisms (such as emission 
trading, Joint Implementation and CDM) could reduce overall mitigation costs 

35 [13.3]. 
• Efforts to address climate change can include diverse elements such as emissions 

targets; sectoral, local, sub-national and regional actions; RD&D programmes; 
adopting common policies; implementing development oriented actions; or 
expanding financing instruments. These elements can be implemented in an 

40 integrated fashion, but comparing the efforts made by different countries 
quantitatively would be complex and resource intensive [13.3]. 

3 : Depends strongly on the market price that has fluctuated between 4 and 26 US$/tCO:-eq and based on 
approximately 1000 CDM proposed plus registered projects likely to generate more than 1.3 billion 
emission reduction credits before 2012. 

32" 



Summary for Policymakers 

Actions that could be taken by participating countries can be differentiated both in 
terms of when such action is undertaken, who participates and what the action will 
be. Actions can be binding or non-binding, include fixed or dynamic targets, and 
participation can be static or vary over time [13.3]. 

F. Sustainable development and climate change mitigation 

27. Making development more sustainable by changing development paths can make a 
10 major contribution to climate change mitigation, but implementation may require 

resources to overcome multiple barriers. There is a growing understanding of the 
possibilities to choose and implement mitigation options in several sectors to realize 
synergies and avoid conflicts with other dimensions of sustainable development 
(high agreement, much evidence). 

15 • Irrespective of the scale of mitigation measures, adaptation measures are necessary 
[1.2]-

• Addressing climate change can be considered an integral element of sustainable 
development policies. National circumstances and the strengths of institutions 
determine how development policies impact GHG emissions. Changes in 

20 development paths emerge from the interactions of public and private decision 
processes involving government, business and civil society, many ofwhich are not 
traditionally considered as climate policy. This process is most effective when actors 
participate equitably and decentralized decision making processes are coordinated 
[2.2,3.3,12.2]. 

25 • Climate change and other sustainable development policies are often but not always 
synergistic. There is growing evidence that decisions about macroeconomic policy, 
agricultural policy, multilateral development bank lending, insurance practices, 
electricity market reform, energy security and forest conservation, for example, 
which are often treated as being apart from climate policy, can significantly reduce 

30 emissions. On the other hand, decisions about improving rural access to modem 
energy sources for example may not have much influence on global GHG emissions 
[12.2). 

• Climate change policies related to energy efficiency and renewable energy are often 
economically beneficia]. improve energy security and reduce local pollutant 

35 emissions. Other energy supply mitigation options can be designed to also achieve 
sustainable development benefits such as avoided displacement of local populations, 
job creation, and health benefits [4.5,12.3]. 

• Reducing both loss of natural habitat and deforestation can have significant 
biodiversity, soil and water conservation benefits, and can be implemented in a 

40 sociaJJy and economically sustainable manner. Forestation and bioenergy plantations 
can lead to restoration of degraded land, manage water runoff, retain soil carbon and 
benefit rural economies, but could compete with land for food production and may 
be negative for biodiversity, if not properly designed [9.7, 12.3]. 
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Summary for PoUcymakers 

• There are also good possibilities for reinforcing sustainable development through 
mitigation actions in the waste managemem. transportation and buildings sectors 
[5.4, 6.6, 10.5, 12.3]. 

• Making development more sustainable can enhance both mitigative and adaptive 
5 capacity, and reduce emissions and vulnerability to climate change. Synergies 

between mitigation and adaptation can exist, for example properly designed biomass 
production, formation of protected areas, land management, energy use in buildings 
and forestry. In other situations, there may be trade-offs, such as increased GHG 
emissions due to increased consumption of energy related to adaptive responses 

JO [2.5. 3.5, 4.5, 6.9, 7.8, 8.5, 9.5, 11.9, 12.1]. 

G. Gaps in knowledge 

15 28. There are still relevant gaps in currently available knowledge regarding some 
aspects of mitigation of climate change, especially in developing countries. 
Additional research addressing those gaps would further reduce uncertainties and 
thus facilitate decision-making related to mitigation of climate change [TS.14]. 

20 
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Summary for Policymakers 

Endbox 1: Uncertainty representation 

Uncertainty is an inherent feature of any assessment. The fourth assessment report clarifies 
the uncertainties associated with essential statements. 

5 
Fundamenta) differences between the underlying disciplinary sciences of the three Working 
Group reports make a common approach impractical. The "likelihood" approach applied in 
"Climate change 2007, the physical science basis" and the "confidence" and "likelihood'* 
approaches used in "Climate change 2007. impacts, adaptation, and vulnerability" were 

10 judged to be inadequate to deal with the specific uncertainties involved in this mitigation 
report, as here human choices are considered. 

In this report a two-dimensional scale is used for the treatment of uncertainty. The scale is 
based on the expert judgment of the authors of WGI II on the level of concurrence in the 

15 literature on a particular finding (level of agreement), and the number and quality of 
independent sources qualifying under the IPCC rules upon which the finding is based 
(amount of evidence") (see Table SPM.E.l). This is not a quantitative approach, from which 
probabilities relating to uncertainty can be derived. 

20 Table SPM E.l; Qualitative definition of uncertainty 

Level of 
agreement 
(on a particular 
finding) 

High agreement, 
limited evidence 

High agreement, 
medium evidence 

High agreement, 
much evidence 

Medium agreement, 
limited evidence 

Medium agreement, 
medium evidence 

Medium agreement, 
much evidence 

Low agreement, 
limited evidence 

Low agreement, 
medium evidence 

Low agreement, 
much evidence 

Amount of evidence^ (number and quality of independent sources) 

a ) "Evidence" in this repon is defined as; Information or signs indicating whether a belief or proposition is 
true or valid. See Glossary. 

25 Because the future is inherently uncertain, scenarios i.e. internally consistent images of 
different futures - not predictions of the future - have been used extensively in this report. 

" "Evidence" in this report is defined as: Information or signs indicating whether a belief or proposition is 
true or valid. See Glossaiy. 
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ECC Exhibit RQH-9 

fable 1. R. Hanham Testimony for PUC 

Toxic Waste from Electric Utilities (Pounds), 2005 
1 

Chemical Greene Land Washington Land Loudoun Land ' Greene Air Emit Washington Air Emit Loudoun Air Emit 
AMMONIA 0 0 38 1 
ARSENIC 17000 0 1400 306 
BARIUM 190000 11000 4900 1302 
CHROWliUM 35000 1700 1300 414 
COBALT 15000 0 430 0 
COPPER" 43000 1800 890 160 
D I O X I N ' " 0 0 0.00130095 0.000601965 
HYDROCHLORIC ACID 0 0 4900000 207180 
HYDROGEN FLUORIDE 0 0 430000 71960 
LEAD 1600O 314 1270 513 
MANGANESE 51000 3200 1700 646 
MERCURY 58.7 1.77 454 104.9 
NICKEL 32000 0 1100 210 
SELENIUM 2900 0 10000 0 
SULFURIC ACID 0 0 790000 344199 
VANADIUM 67000 3300 2000 695 
ZINC 41000 1500 3100 1232 

Note. Land = landfills, Emit = emissions 
Source: 2005 Toxic Release Inventory , EPA 



ECC Exhibit RQH-10 

Pennsylvania Public Utility Commission 
Harrisburg, PA 

Re: Trans-Atlantic Interstate Line Company, transmission line application 

Docket Nos. al 10172, al 10172F0002-F0004 and G00071229 

Comments of Sierra Club, Pennsylvania Chapter, Clean Air Committee 

I am Nancy F. Parks, the chair ofthe Pennsylvania state chapter of Sierra Club's Clean Air 
Committee, with 24 years experience in reviewing and evaluating the status and future of 
the air quality of Pennsylvania in support of our more than 27,000 members. 

Ground level ozone smog - it's everywhere in Pennsylvania, and it's dangerous to human 
health. Pennsylvania has the peculiar distinction of being both the perpetrator and the 
victim of air pollution. Pennsylvania has a large number of coal & other fossil fueled 
power plants, emitting high levels of pollution of nitrogen oxides [ozone], sulfur dioxide 
[acid rain], mercury [human neurotoxin], particulate matter/fine soot and carbon dioxide 
[global climate change], among others. These pollutants endanger the health of 
Pennsylvanians, and causes additional harm to our natural resources; forest mortality, soil 
acidification and stream acidification Ozone smog exacerbates chronic respiratory 
diseases such as asthma, chronic obstructive pulmonary disease [COPD] and bronchitis, 
and has been more recently shown to increase mortality in cardiovascular sufferers. 

The American Lung Association's State of the Air 2007 [SOA] report shows a state's 
report card for air polludoa They have found that pollutants from fossil fuel fired power 
plants continue to be a major problem for those of us currently living here in Pennsylvania. 
"The most ominous trend is the increase in particle pollution, or soot, in the eastern U.S. 
Many areas east of the Mississippi River already had unhealthy levels of this most deadly 
ofthe widespread air pollutants. They frequently had more days and higher year-round 
levels ofparticles, here measured by PMf, according to SOA.. One half of 
Pennsylvania's 67 counties are significantly affected hy particulate matter pollution, and 
one third of all Pennsylvania counties received a failing grade in controlling this soot which 
affects human health so drastically. 

Mercury emissions from fossil fuel fired power plants are a recently recognized and newly 
regulated and controlled neurotoxin affecting Pennsylvanians as a result of bio-
accumulation in food sources such as in fish. Penn State's mercury emissions report of 
2005 found that"... it is reasonable to assiane that long range transport of pollutants 
from Ohio and westem Pennsylvania sources are the major sources that were affected by 
the CAAA I Clean Air Amendments of 19907 emission reductions and are thus likely the 
sources also contributing to ... mercury concentrations ..." 



In spite of some improvement, control of air pollutants in Pennsylvania continues to be a 
major problem. At least seventeen counties in Pennsylvania arc out of attainment with 
safer ozone smog emission limits and are now proposed for new controls and 
approximately one-half of Pennsylvania counties will need to comply in the near future 
with new fine particle soot controls. 

Air pollution in Pennsylvania is all ready a major hardship for our citizens. It affects our 
health and costs us money to control. It is a public human health hazrd and affects our 
economy through damage to our natural resources. 

The Sierra Club, Pennsylvania Chapter conservation policy for power plants and electricity 
generation demands a real & actual look at how much electricity that our citizens really 
need here in Pennsylvania. Energy conservation should be explored & implemented by all 
Pennsylvania electricity generators before there should be any consideration of new 
construction of power plants here in Pennsylvania. Pennsylvania is not the pollution 
dumping ground of those seeking new opportunities for profit through electricity 
generation. 

All electricity generation within this state should benefit the citizens of Pennsylvania. 
Those benefits should be maximized energy conservation, minimized pollution emissions, 
maximized clean generation that is not coal fueled, and in state usage of any electricity 
generation that is actually needed All electric generation must be controlled by 
technology to the maximum extent required by law. 

Nancy F. Parks 
201 West Aaron Square 
POBox 120 
Aaronsburg, PA 16820-0120 
814-349-5151 
814-349-5121 [fax] 
Ntparks2@verizotLnet 
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Prepared by 
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P r o g r a m Geraldine M. Lee, Ph.D. 
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* For addt leukemia, two of the scientists am 'close to the Ming fins between believing or not beiming' and one was 'prone (o beHeve' that EMFs cause some 
degree of increased risk. 

HOW AND WHY THE CONCLUSIONS DIFFER FROM THOSE OF OTHER RECENT REVIEWS: 

Miiie thete are imporlant differences between the thiee DHS fBviewers' condusjons, the DHS scientists are more inciined to believe thai EMF exposure increased (he 
risk of the above health problems than the majority of the me/ntefs ofstientifk: committees convened to evaluate the scientific Stetatm by the National fnstitutes of 
Envimnmental Health Sciences Woricing Group (NIEHSJ in 1998, the international Agency for Research on Cancer (IARC) in 2001. and (tie British Natibnal RadioJogical 
Protection Board (NRPB) in 2001. These otter committees aS assessed EMFs as a 'possibfe" carcmogen for dvldhood feukemta. Thus, like the DHS panel, these otfwr 
Ihrm penets were noi much swayed by theomticd arguments of physicists that residentiai EMFs were so weak as to mate any toJbgicaJ effect impossible. NIEHS 
additmally assessed EMFs as a possibie carcinogen for aduX lymphoid leukemia and NRPB assessed a posstble 6nk with Lou Gehrig's Disease. The three DHS 
scientists differed in lhat they had a somewhat higher degm of beBefm EMF is medwm these ttvee diseases and gam credere to 
cancer and m/scamage that the other panels either didn 1 consider or chatacterized as Inadequate.' There are severe/ reasons for these differences. The three DHS 
scientists thought there were reasons why animal and test tube experiments might have fatted to pick up a mechanism or a health proWem; hence, the absence of much 

Executive Summaiy 3 
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EXECUTIVE SUMMARY OF THE CAUFORHIA EMF RISK EVALUATION FOR POUCYMAKERS AND THE PUBUC 

1 

WHY AND HOW THE EVALUATION WAS DONE: 

OnhehaJfoftheC&ifomiaPu^l^^ j 
the studies about possihhhedth probiems from etectric and magnetic fatfs (EMFsJ from power ines, wiring in tnMings, some jobs, and appliances. The CPVC request 
for remw did not inckjde mdh foquency EMFs from cell phones and radio towers. Reviewer 1, Vincent Defcizzo, Ph.D., is a physicist and epiifefmotogtsf; Reviewer 2, 
Raymond Richard Neutra, M.D., Dr.P.H, is a phyacan epirfemidtogisfc and Reviewer 3, Geraldine Lee, Ph.D., is an epWenriotogist wflh (raining in genefcs. All three 
have published origmal research in the EMF area and have foftowed the field for many years. They were assisted in their rewewshy DHS toMMfogi^, physoans, and 
epidenvologists. 

\ 
THE CONaUSIONS AFTER REVIEWING ALL THE EVIDENCE: I 

• To one degree or another, all three of the DHS sdertists are indioed fo bateve fhat EMFs can cause some degree ofinaeased risk oi chMhood leukemia, aduft \ 
brain cancer, Lou Gehrig's Disease, and miscarriage. 

• They strongfy believe that EMFs do not increase the risk of birth defects, or tow btrth weight. \ 
iii 

• They strongfy beJieve that EMFs are not universaf carcinogens, since there are a number of cancer types that are not associated with EMF exposure. | 

• To one degree or another they are inclined to believe that EMFs do not cause an increased risk of breast cancer, heart disease, A/zhe/'mer's Disease, depression, | 
or symptoms attributed by some to a sensitivity to EMFs However, 

I 
• All three scientists had judgments that were 'dose to the dividing Une between beSemg and not believing' fast EMFs cause some degree of increased risk of | 

suicide, or i 

% 

I 
i f 



support from such animal and test tube studies did not reduce their conMence much or had them to strongly distrust epidemioiogical evidence from statistical studies in 
human popuiafons. They therefore had more faith in the quality of the epidemiological studies in human popuJafons and hence gave mom credence to (hem. 

With the exception of mscamage, which is common, (he other diseases for which EMFs may be a contributing causa (childhood leukemia, aduft brain cancer, Lou 
Gehrig's Disease) have tow incidence, with rates between 1/100,000 and 1/10,000 a year. Even doubting such rates and accumulating them over a childhood or a 
lifetime leaves accumulated lifetime risks between 1/1,000 and 1%. Thus the vast majority (99%-99.9%) of highly exposed people would sffif not contract these 
diseases. Furthenrote, calcutations suggest that the fraction ot afl cases of the abo/e-mentioned condihons that one coukJ attribute to EMFs would be m more than a 
few percent of the tote/cases (if any). However, if EMFs do contribute to the cause of these cond'iions, even the low fractions of attributable cases and the size of 
accumulated lifetime risk of highiy-exposed individuals could be of concern to regufators. indeed, when deemed a /eat cause, estimated lifetime risks smaller than these 
(1/100.000) have triggered regulatory evaluation and, sometimes, actual regulation of chemical agents such as mrbome benzene. The uncommon, accumulated high 
EMF exposures implicated by the evidence about these conditions come from unusual configurations of wiring in wails, grounded plumbing, neatby power lines, and 
exposure from some jobs in electrical occupations. There am ways tb amid these uncommon accumtiafed exposures by maintaining e distance from some appliances, 
changes in home wiring and plumbing, and power lines. However, to pit things in perspective, individual dectstons about things like buying a house or choosing a 
jogging mute should kivohe the consideration of certain risks, such as those from traffic, fire, flood, and crime, as we/f as the unoertffin comparabJe risks from EMFs. 

While rodent and chicken egg studies provide Me of no support for EMF effects, some studies on eaity-modet higher emitting video display temanats fVDT» and two 
raw epidemiology studies in humans suggest that EMFs mk/irf cause a substantial proportion of miscaniages. Miscarriages ate common in any case (about 10 per 100 
clinically diagnosed pregnancies) and the theoretical added risk for an EMF-exposed pregnant woman might be an additkml 10 per 100 pregnancies according to these 
two studies. If tmly causal Oiis could cleariy be of concern to individuaJs and regulators. Howem, the type of EMF exposures implicated by these two new 
epidemiological studies (short, very high exposures) probabty come from being within a few inches of appliances and unusual configurations of wiring in waits and 
grounded plumbing, and onty rarely from power lines. Since the majority of people come into contact with non-obvious sources of these fields on a daily basis, t may 
not be possibie fo avoti Ihe majority ofsuch exposures in modem 08, em if we avoided the obvious sources fte some appfiances. 

Seventy-five percent of the women in the studies had at least one of these brief higfi exposures during a given day. Even one exposure a day, if experienced regularly 
during pregnancy, seemed to increase the risk of miscamage. Nonetheless, the majority of pregnant women with such exposim did NOT miscarry. 

FOR PURPOSES OF POUCY ANALYSIS, HOW DID THE THREE SC/EWTJSTS EXPRESS THEZR JUDGMENT THAT THE ABOVE DEGREES OF RtSK HHQHT BE 
REAL? 

The EMF Program's policy analysis required each of the three DHS scientists to express in numbers their individual professional judgments (hat the range of added 
persona/ risks suggested by the epidemiologic^ studies were "reaf.' They did this as a numerical 'degree of certainty" on a scale of Oto 100. Forthe conditions with the 
nv&s^s t r ve evidence of EMF risk, the three scientists each came up wrth a graph (hat depcts their best judgments with a iittie Y and the margin of uncertainty wm 
a shaded bar The differences in certainty between the three reviewers arises primarily from bow sure they were that they coukf nte out study flaws or other expfensfory 
agents and how much the evidence on one disease influenced certainty in the findings for other diseases. 
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WHAr ASPECT OF THE "EMFkUXWRE" WOULD NEED TOBEUmGATB) (IF ANY)? 

A variety of etectocaf phenomena are praswrfJh the v x ^ of prmer Bnos, MnmB Ming, pfumbing, and appfiances. These inckxje EMFs with a variety of frequencies 
and orientations, stray cunents from contact with grounded plumbing, and airpo&jfon parades charged by etectric fiakfe. The epki9mk)k)gk^ studies primarily impik^ 
the magnetic fields or something dosety correlated with them. Some researchers tfunfc tfisf assodafed high- or tow- frequency stray contact cunents or charged air 
pollution particles are the true explanation rather Um magnetic fields. The actions one woufd fake to e&ranate the fields are not always the same as one would fake to 
etfrranate the currents or the charged particles. There are some sifuafofts where different costly measures woukt be required to address trie above-mentioned three j 
possible explanations. There am other sttuations where one or more inexpensive avoidance actions wffl address aB three. This additional uncertainty about what aspect j 
of the mixture might need to be mitigated wit! thus provide a challenge for poficymakers. The Cali/bmia EMF program funded poky projects to explore options that could ; 
be pursued in Ihe face of these uncertainties (see www.dris.ca.oov/ehityemft. These are avaiiabie to guide CPUC and other state agencies'm pohcy formation. DHS is \ 
making no recommendations at this time. 

i 

WHAT RESEARCH GAPS EXJS77 ) 

Determining whether stray contact currents or charged air pollution particfes are reaSy common enough to explain the epidemiology would be Wghfy poficy reievant 
Certain suggestive (est tube and animat studies await replication. Epidemiology of common conditions which could be studied prospectively, tike miscarriage and sudden ) 
cardiac death, would be policy relevant and couid give a better understanding of what aspect of the EMF mixture might be trnhgicatty active. ?' 
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O V E R V I E W O F AMD RATIONALE FOR THE CONCLUSIONS OF THE CALIFORNIA EMF RISK EVALUATION 

1 WHO DID THE EVALUATION AND WHAT FORM DW THE CONCLUSIONS TAKE? 

1 On behatf of tha California Pufafc W e s Commission (CPUC), three scientists who 
2 work for the California Department of Health Services (DHS) were asked to review 
3 the studies about possibie health problems from electric and magnetic fieWs (EMFs) 
4 from power lines, wiring in buildings, some jobs, and appfiances. The CPUC request 
5 for review did not include radio frequency EMFs from ceil phones and radio towers. 
6 Reviewer 1, Vincent Delpizzo, Ph.D., is a physicist and eptdemiotogtst; Reviewer 2, 
7 Raymond Richard Neutra, M D., Dr.P.H,, is a physician epidemiologist; and 
6 Reviewer 3, Geraldine Lee, Ph.D., is an epidemiologist with training in genetics. All 
9 three have published original research in the EMF area and have folkmed the field 

10 for many yeare. To integrate and extend their body of knowledge, the EMF Program 
11 contracted with specialists in biophysics, statistics, and animat experimentation to 
12 prepare a background in critical literature review in their respective fields and to 
13 make sure that the literature review was up to date through June 2000 (P. Gaitey, 
14 Ph.D., 6. Sherman, Ph.D., W. Rogers, Ph.D., and A. Martin, Ph.D.). The first three 
15 were involved with the writing of the 1998 National Institutes of Environmental 
16 Health Sciences (NIEHS) report. Furthermore, for each chapter of the review, 
17 another DHS epidemiologist or toxicoiogist was asked to read the original literature 
18 and consulted extensively with whichever of the three core reviewer was writing 
19 that chapter. This ensured lhat the writer based his/her evaluation on an 
20 understanding of the evidence that was as objective and consistent as possifcte. Ni 
21 three reviewers worked for the EMF program for at least five years and to some 
22 extent they influenced each other's thinking through their constant interaction and 
23 the review of each other's chaptere. All three did their reviews according to the Risk 
24 Evaluation Guidelines (REG) that had been developed eartier and approved by the 
25 program's Science Advisory Panel (SAP). The Guidelines specified that the 
26 conclusions about any hazard shoukt be done using two systems. The first was 
27 developed by the International Agency for Research on Cancer (IARC) and has 
28 been used by the NIEHS. tt rates an agent as a Definite. Probable, Possible 
29 carcinogen or Not a carcinogen, or specifies that the evidence is Inadequate' to 
30 rate the agent In addition, the California Guk&'mes specified that in order to 
31 accommodate the probability-based computer models of the program's poticy 
32 projects each of the DHS reviewers would individually assign a number between 0 
33 and 100 to denote their degree of certainty that epidemiological associations 
34 between EMFs and certain diseases indicated that EMFs increased the risk of those 
35 diseases to some degree. They indicated their best judgement graphicalty with a 
36 little V and placed a shaded bar on either side of that Y to indkafe how uncertain 

37 they were. The best judgement and the uncertainty ranges could be used in 
38 quaititative policy analysis. The Guideiines, which were modified with advice from 
39 pt/Wc comment art the SAP and iha DHS mwewers, Cached pre-agreedHjpon 
40 English language phrases to various ranges of this degree of certainty. These are 
41 presented beiow in Table I. 

42 If all three judges had best judgments above 50 out of 100, but that fetl in different 
43 categories in Table I, judges were said to be "inclined to believe' that EMFs 
44 increased the risk of that disease to some degree. 
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TABLE I. EVERYDAY ENGUSH PHRASES TO DESCRIBE DEGREES OF CERTAWTY OF CAUSAUTY (GRAPH ILLUSTRATES THE RANGE OF CERTAINTY NUMBERS TO WHICH THE PHRASES PERTAIN) 

ARE THE HIGHEST EMFS AT HOKE OR AT WORK SAFE, OR DO HIGH EMFS INCREASE THE RISK OF TO A DEGREE 

DETECTABLE BY EHOEIUOLOGY? 

Virtually certain that they increase the risk to some degree 

Strongly believe thai they increase the risk to some degree 

Prone to believe that they increase the risk to some degree 

Dose to the dividing line between believing or not beliewig that EMFs increase the risk to some degree 

Prone to believe that they do not increase the risk to any degree 

Strongly believe lhat they do not increase the risk to any degree 

Virtually certain that they do not increase the risk to any degree 

DEGREE OF CERTAINTY ON A 
SCALE OF 1 TO 100 

>99.5 

90 to 99.5 

60 to 90 

40 to 60 

10 to 40 

0.5 to 10 

<0.5 

A Virtually Certain 
Risk 

B Strongly Believe 
C Prone to Believe 
D Close to Dividing 

line 
E Prone not to 

Believe 
F Strongly Believe 

Safe 
G Virtually Certain 
Safe 

Q 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
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2 A SUUUARY OF WHAT HAS CHANGED SINCE THE CALIFORNIA EMF PROGRAM 
WAS FIRST PROPOSED IN THE EARLY 1990S 

1 Between the time CPUC mandated a targeted Caiifomia research program in 1833 
2 to the lime of Ihis writing, considerable infonnation has accumulated. In addition, 
3 three expert panels, the NIEHS Working Group (Portier & Wolfe, 1996), the IARC 
4 (IARC. 2001), and the British National Radiotogicai Protection Board (NRPB, 2001b} 
5 have indicated that EMFs are a possible cause of childhood leukemia 

6 Biophysics: Biophysical arguments based on physical principles and simplified 
7 biological models have produced lower and lower predictions as b what magnetic 
8 field intensities theoretically would be capable of producing biological effects. 
9 Nevertheless, theoretical modeling still would claim that most residential and 

10 occupational epidemioiogical results are "impossible' (Weaver et al., 1998). ttvoutd 
11 also claim that bioeffects from magnetic field experiments using intensities less than 
12 100 mG* are Impossible* (Adair, 1999). A mflliGauss (mG) is a commonly used 
13 measure of magnetic field strength. An average living room would have a 0.7 mG 
14 field. The standard international unit is a microTesIa (pT). One pT equals 10 mG. 
15 Both units appear in this document Those who adhere to these biophysical 
16 theories still discount the relevance of experimental results at higher intensities 
17 because of this 'impossibility" threshold and would require robust bioeffed 
18 laboratory results from ambient levels of exposure. This is an unusual burden of 
19 proof since ambient levels of other pollutants often do not produce effects large 
20 enough to see in the laboratory. It should be noted that the majority of panelists at 
21 IARC, NIEHS, and NRPB who declared EMFs as "posstbte" carcinogens obviously 
22 did not accept some physicists arguments that bioeffects from high-end residential 
23 exposures were Impossible." 

24 Mechanistic Research: EMFs, particularly those above 1000 mG, have been 
25 shown to have a number ot physiologicai effects on cells (Portier & Wolfe, 1998), 
26 but the physical induction mechanisms of these effects are not dearly understood. 
27 No consensus has arisen on a mechanistic explanation of how the various 
28 epidemiological associations might have occurred. Repeated studies of Ihe effects 
29 of pulsed and non-pulsed EMFs below 100 mG on chick embryos, in several 
30 laboratories, have continued to show 'non-robust" effects (Martin, 1988), (Berman et 
31 al., 1990), (Martin, 1992), (Moses & Martin, 1992), (Moses & Martin, 1993), (Marliri 

' A mHligauss (mG) is a measure of magnetic fiekJ intensity. A typical living room measures 
about 0.7 mG. The average exposure during the day of a typical white-collar worker would 
be around 1 mG. a utility worker exposed to high fields during the day might aver age around 
7 mG, while an electric train operator's exposure might average around 100 mG. 

32 & Moses, 1995), (Litovitz et al., ^ U F a r r e l l e t a l . . 1997a), (Farrell et al„ 1997b), 
33 (Leal et al., 1989), (Chacon et al., 1990). (Ubeda et al., 1994), (Koch & Koch, 1991), 
34 (Singh & et al.. 1991), (Espinar et al., 1997). (Blackman et af., 1988), (Yip et al., 
35 imaMYipetal,, 1994b}, (Coulton & Baitef. 1991), {Ycvtider-Sffno et al., 1997), 
36 (Piera et al., 1992), (Pafkova & Jerabek, 1994), (Pafkova, Tejnorova & Jerabek, 
37 1994), (Pafkova et al., 1996), (Veicsteinas et al.. 1996). A statistically significant 
38 effect is said to be "norwobuaf when its size o not greater than the differences 
39 between control groups in various experiments. Several independent researches 
40 (Uburdy et al.. 1993), (Blackman, Benane & House, 2001), and (IshkJo, Nitta & 
41 Kabuto, 2001) have published studies on the effect of low mtensfcy (12 mG, 60 
42 Hertz) magnetic fields on the ability of melatonin to inhibit cancer cell proliferation in 
43 vitro. Thus, there are some studies that while not universaJy accepted, purport to 
44 show biological effects at EMF intensities declared by biophysicists to be incapable 
45 of producing such effects. 

46 Animal Pathology: A lage number of animal pathology studies have been carried 
47 out that tested a few aspects of the EMF mixture and, with some exceptions, did not 
48 show a carcinogenic, reproductive, or immunological effect (Portier & Wolfe, 1998). 
49 This has led some scientists to conclude that EMFs are probabty safe. 

50 Two laboratories in the former Soviet Union (Beniashvili, Bilanishvili & Menabde, 
51 1991), (Anisimov et al., 1996) md one in Germany (Loscher et at., 1993), 
52 (Mevissen, Lerchl & Loscher, 1996a) reported co-promotional effects of magnetic 
53 fields on the occurrence of breast tumors in rats, though this result did not recur in 
54 two experiments in the United States (Anderson et al., 1999), (Boorman et al., 
55 1999a} that partiaBy replicated the conditions in the German experiments. 

56 Epidemiology: Epidemiological studies on workers and children have tentatively 
57 implicated a wider range of diseases than the leukemia and brain cancer that 
58 dominated discussion in the early 1980s and 1990s (Portier & Wolfe, 1998). 
59 Published statistical summaries of the body of epidemiological evidence have 
60 suggested that chance is an unlikely explanation for the associations seen for 
61 childhood leukemia (Greenland et al., 2000), (Ahlbom et al., 2000}, adult leukemia 
62 (Kheifets et al., 1997a), adult brain cancer (Kheifets, 2001). male breast cancer 
63 (Erren, 2001), and Amyotrophic Lateral Sclerosis (Ahlbom, 2001). This leaves bias. 
64 confounding, or EMF causality as aitemative explanations. (See pp 21-22 below tor 
65 definitions.) Parts of this evidence have convinced the NIEHS, the IARC, and the 
66 NRPB thai EMFs are a possible carcinogen. 

67 For childhood leukemia, the association now seems more consistent with measured 
68 30-300 Hz magnetic fields than with proximity to power lines (Greenland et al., 
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1 2000). Furthomore, aitemative explan îons ot he associations, such as traffic and 
2 social class, seem much less likety (Reynolds et al., 2001), (Langholz, 2001). The 
3 study of Linet et ai. on childhood leukemia (Linet et al.. 1997) was origtnatly and 
4 pnxronentty interpreted as showing no effect, tt has now been shcMi to contribute 
5 important support in pooled analyses that indicatB that the assoctation between the 
6 highest exposures ta EMF and chMiood leukemia are unitetf to be due to chaocs 
7 (Greenland etai., 2000}. 

8 An epidemioiogical Kteraiure is developing hat associates magnetic fields with 
9 diseases and conditions that am more common than cancer, such as sudden 

10 cardiac death, dementia, suicide (NIEHS, Portier & Wolf. 1998), and spontaneous 
11 abortion (Li et al., 2002), (Lee et al., 2002). From a cost/benefit perspective, the 
12 confirmation of the associations with these more common diseases would have 
13 greater utilitarian poticy implications (Ftohg, 2001) than the confirmation of EMF 
14 associations with rare diseases, such as childhood cancer or Lou Gehrig's Disease 
15 (amyotrophic lateral sclerosis). 

16 Exposure: A number of epidemiological studies and exposure surveys have given a 
17 significantly better description of the range of exposures to some aspects of the 
18 EMF mixture, both in the occupational and in the genera) environment (Portier & 
19 Woffe. 1998), (Li el al., 2002), (Lee et al., 2002), (Zatfaneia & Katton, 1998), 
20 (Zaffanella & Hooper, 2000). It has become dear that the 24-hour average of the 
21 minutely-minute 50-60 Hz magnetic field exposures is primarily influenced by stray 
22 ground currents, internal wring, end the power gnd rather than by appliances. 
23 Maximum fields (the highest exposure during the day) are probabty contributed by 
24 use of appliances, electrical transportation, or passing briefly by internal wires, 
25 current-bearing plumbing, or very dose to above or below ground power ikies. 

26 Which Aspects of the "EMF Mixture" Might Be Bbactlve?: As the decade of the 
27 19903 began, a few childhood leukemia studies suggested that associations were 
28 stronger between leukemia and proximity to power lines than between the disease 
29 and measured fields (NAS et al., 1997). With more studies, this pattern has 
30 disappeared (Greenland et al., 2000). The earlier impression led to investigations ot 
31 correlates with power lines and measured magnetic fields. Resonance between the 
32 state magnetic field of the earth and alternating 60 Hz fields was evaluated, as were 
33 transient changes in magnetic field, as potential explanations for the epidemiology. 
34 As indicated on page 32, the results do not strongly implicate these aspects of the 
35 EMF mixture (Kaune et sd., 2002). 

36 Anew hypothesis has arisen (Kavet et al., 2000), (Dawson et al., 2001). It proposes 
37 that contact cunents trom low frequency voltages, and not exposure to magnetic 
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38 fields, might explain some of the epidemiotogicai assodafons. Others (Graham and 
39 Ludqutst personal communication, 2001} suggest lhat the high frequency 
40 components of these currents are bioac&ve. tn occupational settings, micro-shocks 
41 have been invoked to explain the persistent association between magnetic field 
42 exposure and ALS (NRPB, 2001b), (Ahlbom, 2001). These hypotheses have nc* yet 
43 been tested. 

44 Scattered associations with electric fields have been reported (Coghill, Steward &, 
45 Phillips, 1996), p ier et al., 1996), but this association has not been consistent. A 
46 hypothesis and some evidence have developed with regard to electric fields near 
47 transmission lines and their effects on the charge and concentration of particulate 
48 air pollutants (Henshaw et al., 1996). If true, this would suggest that one should 
49 bury lines to block their electric fields and that rephasing would not be effective. 
50 However, this hypothesis has not been sufficiently supported by evidence. 

51 Two recent studies of miscarriage and personal EMF exposure suggest that 
52 maximum fields or average change between consecutive exposures may convey 
53 risk (Uetal., 2002), (Lee etal., 2002). Studies of the efied of personal exposure on 
54 urinary melatonin metabolites in utility workers have suggested the possibility that 
55 the rate ot change of the magnetic field may be bioactive (Burch etal., 1998) This, 
56 too, would have implications for any mitigation. One laboratory has reported that the 
57 super-imposition of random EMF noise in Ihe laboratory can block the effects of 
58 orderly low-frequency magnetic fields (Lrtovto et al., 1994). No replication of this 
59 study has been attempted yet 

60 Radio Frequency Research: Public concern and research on the question ol radio 
61 frequency and low-frequency-modulated radio frequency have increased in Ihe last 
62 decade. Although this area may turn out to be relevant to the low frequency 
63 literature reviewed here, exploration ot it was beyond the resources, mandate, and 
64 expertise of the review team. 

65 Funding: Funding for EMF research in the United States has dropped from the 
66 levels in the late 1980s. The Department of Energy research program of $10 million 
67 per year has been eliminated and the amount of resources devoted to EMF 
68 research by the utility industry and the Electric Power Research Institute has 
69 decreased from $10 mitfion per year at its peak to $3.5 million in 2000. The National 
70 Institutes ot Health have no special study section with EMF experts to review 
71 research proposals in this area, so proposals are judged by experts in other areas 
'72 and compete for scarce research dollars. 
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3 How TO READ THIS DOCUMENT 

This document is not just a summary of the facts from the vast literature on the 
possible health effects of extremely low frequency (ELF) electric and magnetic 
fields. Instead the bulk of the main document presents a much more detailed 
rationale for the conclusions drawn, and the evidence is summarized in graphical 
and tabular form. 

In preparation for this evaluation, the Caiifomia EMF Program held a two-day 
epidemiotogy workshop to discuss some of the most relevant epidemiological 
findings and methodological issues. The proceedings of that workshop, which were 
pivotal to some of the conclusions reported here, were published in a peer-reviewed 
Supplement (5) of the journal Bioelectnxnagnelics on January 22,2001. 

4 WHAT IS NEW IN THIS EVALUATION 

NEW EVIDENCE 

There have been many adequate reviews, including some very recent ones (NAS et 
al., 1997), (Portier h Wolfe, 1998). (IARC, 2001). The NIEHS review, in particular, 
was regarded as the starting point for this evaluation. The NIEHS Working Group 
carried out their evaluation in June 1998. Several imporlant studies have been 
published between Ihe conclusion of the NIEHS Working Group review and this 
evaluation, including three major studies on childhood leukemia (Green, Miller & 
Agnew, 1999b), (Green et al., 1999a), (McBride et al., 1999). (UKCSS, 1999). The 
deadline for including studies in our evaluation was June 24,2000. This is later than 
the deadline originally mentioned in the Risk Evaluation Guidelines (REGs). Since 
the DHS evaluation began later than initially envisaged, the reviewers felt that it was 
unwise lo disregard recently published, and possibly important, studies simply to 
observe a previously set but otherwise arbitrary date. Only one large study (van 
Wijngaarden et al., 2000) that dealt with suicide emerged during this extended 
deadline period. 

In addition, the reviewers considered studies sponsored by the Caiifomia EMF 
Program (U et al., 2002), (Lee et al., 2002) and in the Epiderriology Workshop 
satisfying the criteria for inclusion in this evaluation, as specified in the Guidelines. 
In this final draft, the DHS scientists also discuss articles that were brought to their 
attention during the public comment period. 

32 Also discussed are the aspects that make up the EMF mixture that characterizes the 
33 exposure of persons who come near the power grid, the internal wiring of houses, 
34 and common household appliances. These we described in Chapter 3. The 
35 reviewers stress the notion of 'mixture' because different aspects of EMF exposure 
36 (eg., 60-cycle magnetic fields and high-frequency transients) would require different 
37 actions for abatement For each ot the diseases considered, there are explicit 
38 discussions about whether the epidemiological associations observed, if real, would 
39 convey a risk from lifetime exposure that would be of regulatory interest This is a 
40 parameter of interest to Ihe social justice policy framework, which focuses on the 
41 individual risks ot the most highly exposed. In Table IX, the baseline mortality (or 
42 conditions considered possibly associated with EMFs are discussed. The reviewers 
43 ask if the attributable burden of mortality from even a very small fraction of that 
44 baseline would be of regulatory interest when compared to the mortality burden 
45 thought to be avoided by regulation of other agents. The attributable burdens of 
46 mortality or morbidity are parameters of interest to the utilitarian policy framework, 
47 which aims at the most good lor the most people at the least cost The document 
48 also attends to any evidence suggesting inequitable exposure or vulnerability to 
49 EMFs. This is relevant to the environmental justice policy framework, which is 
50 concerned with unfair distributions of risk. 

51 Each health condition considered had at least two epidemiological studies in which 
52 there was a statistical association with some surrogate for EMF exposure. The list of 
53 conditions is similar to that discussed in the NIEHS document and includes 

30 The document has features that were not present in the NIEHS document One of 
31 these—presenting a graded degree of certainty of causality—was described above. 

54 • Adult and childhood leukemia 

55 • Adult and childhood bran cancer 

56 • Male and female breast cancer 

57 • EMF as a "broad spectrum' carcinogen for aU cancers 

58 • Miscarriage 

59 • Other reproductive and developmental conditions 

60 • Amyotrophic lateral sclerosis (Lou Gehrig's Disease) 

61 • Alzheimer's disease 

62 • Acute myocardial infarction 
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1 • Suicide 

2 • Other adverse non-cancer health outcomes (depression, electrical sensitivity) 

5 QUALITATIVE BAYES OR DEGREE OF CERTAINTY APPROACH TO EVALUATION 

3 The DHS scientists found the usual process of describing the pattern of evidence in 
4 some detail and then expressing an opinion (without explaining he rationale for that 
5 opinion) to be insufficiently transparent Accordingly, they supplement the usual 
6 IARC procedure with an additional form of presentation and an additional form of 
7 judging whether EMFs are a cause of disease. The following table shows the 
S questions that were systematically addressed. For definitions of epidemiotogica] 
9 terms in the table see pages 20-22 (Sections 12.1.1-12.1.3). 
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TABU II. QUESTIONS REL£VANTTO DEVELOPING A DEGREE OF CERTAOITY ABOUT CAUSALITY 

EXPLANATIONS OF A STATISTICAL ASSOCIATION OTHER THAN A CAUSAL ONE 

Chance: How likety is that the combined assoctsHton from aB the studies of EMF and disease is due to chance atone? 

Bias: How convinced are Ihe reviewers that EMFs rather than a study flaw that can be specified and demonstrated caused this evidantiary pattern? tf no specified and 
demonstrated bias explains it. how convinced are they that EMFs caused these associations rather than unspecified flaws? 

Confounding: How convinced are (he re viewers that these disease associations are due to EMFs rather than to another specified and demonsfratod risk factor assodafed with 
EMF exposure? If not due to a specified risk factor, how convinced are they that they are due to EMFs rather than to unspecified risk factors? 

Combined effect: How convinced ate the reviewers that these disease associations ate due to EMFs rather than to a combined effect of chance and specified or unspedffed 
sources of bias and confoundets? 

ATTRIBUTES SIMILAR TO HILL'S (HILL, 1965) THAT ARE SOMETIMES USED BY EPIDEMIOLOGISTS TO EVALUATE THE CREDIBILTTY OF A HYPOTHESIS WHEN NO 
DIRECT EVIDENCE OF CONFOUNDING OR BIAS EXISTS 

Strength of assodation: How likely is it that the meta-analytic association is strong enough to be causa/ rather than due to unspecified minor study Haws or con founders? 

Consistency: Do most of the studies suggest some added risk from EMFs? How likely is it that the proportion of studies with risk ratios above or below 1.0 arose from chance 
alone? 

Homogeneity: If a large proportion of the studies have risk ratios that are either above or befow 1.0, is their magnitude similar (homogeneous) or is the sue of the observed effect 
quite variable (heterogeneous)? 

Dose response: How dear is it that disease risk increases steadily with dose? What would be expected under causality? Under chance, bias, or confounding? 

Coherance/Visibility: How coherent is the story told by the patlem of associatioos within studies? If a surrogate measure shows an assodafion, does a better measurement 
strengthen that assodation? is the association stronger in groups where it is predicted? What would be expected under causality? Under chance, bias, or confounding? How 
convinced are the reviewers thai the magnifude of epidemiological results is consistent with temporal or geographic trends? 

Experimental evidence: How convincing are the experimentai pathoiogy studies supporting the epidenwitog/caf evidence? What would be expected under causality, bias, 
chance, or confounding? 

Plausibility. How convincing is the mechanistic research on plausible biological mechanisms leading from exposure lo this disease? What would be expeded under causality, 
chance, bias, or confounding? How influential are other experimental studies (both in vivo and in vitro) that speak to the abil'tty of EMFs to produce effects at low dose ? 

Analogy; How good an analogy can the reviewers find with similar agents that have been shewn to lead to similar diseases 7 What would be expeded under causality, chance, 
bias, or confounding? 

Temporality: How convinced are the reviewers thaf EMF exposure precedes onset of disease and that disease status did nd lead to a change in exposure? 

Specificity and other disease assodattons: How predominantly are EMFs associated with one disease or subtypes of severaf diseases? What would the reviewers expect under 
causality, chance, bias, ot confounding? How much is their confidence in EMF causality for disease X influenced by their confidence that EMFs cause disease Y? 

8 
$ 

! 
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1 to be explicit about the prior probability because some physicists were arguing on 
2 the basis of physical theory applied to simplified biological models of the cell, that 
3 any biological effect from residential EMFs was impossible and thus had a 
4 vanishingty small initial credibility. This meant that they would require extraordinarily 
5 strong specific evidence to change their initial impression. Previous risk 
6 assessments have not explicitly considered this issue. 

7 The discussion then turns to the patterns of specific EMF evidence in biophysical, 
6 mechanistic, animal pathology, and epidemiological streams of evidence. Obviously, 
9 if all four streams of evidence pointed toward or away from an EMF effect, the 

10 reviewers' job would be easy. But what if some streams of evidence are supportive 
11 and some are not supportive? What weight should be given each stream ot 
12 evidence? It was in Ihe effort to address this problem that discussions of the 
13 inherent proclivity to give false positive and negative results came into play. This 
14 discussion was guided by a series of pre-agreed-upon questions described in the 
15 table above. The discussion included pro, con, and summary arguments. An 
16 example of such arguments are presented in the next table. 

TABLE III. EXAMPLE OF PRO, CON, AND SUMMARY ARGUMENT 

CHANCE 

AGAINST CAUSALITY FOR CAUSALITY COMMENT AND SUMMARY 

(A1) Not all the associations (relative risks) are above 
1.00 or statistically significant 

(Fl) The narrow confidence limits in the meta-analytic 
summaries and the low likelihood of this pattern of 
evidence by chance leans away from chance as an 
explanation. 

(C1) A non-chance explanation must be sought 

17 Considering this kind of structured discussion helped organize the reviewers' 
18 judgments, after he/she weighed all the infonnation in Ihe usual way, although it did 
19 not involve a mathematical combination of weights as would be the case in a 
20 quantitative Bayes evaluation. After consideration of this carefully structured 
21 discussion o( the evidence (considering how much more—or less—likely the 
22 patlem of evidence would be if the risk hypothecs were true compared to the 
23 likelihood of that evidence if EMFs were safe), the reviewers expressed an expert 
24 judgment on the posterior probability of a causal relationship. 

6 QUALITATIVE BAYES RISK EVALUATION COMPARED TO TRADITIONAL AND 

QUANTITATIVE BAYES RISK EVALUATIONS 

25 The traditional risk assessment has a section in which a judgment is given as to 
26 whether the agent being evaluated is capable of causing cancer or some other 
27 adverse health effect This is called the "hazard identification.' The typical 
28 presentation is heavy in describing the relevant evidence and rather light in 
29 explaining the rationale tor the conclusion. Often the weight given mechanistic, 

30 animal pathology, and epidemiological streams of evidence, depends on a review 
31 panel's interpretation of adjectives which best describe the pattern of evidence. For 
32 example, is the pattern of evidence "suffidenf or should it be called limited"? Can 
33 confounding and bias be "reasonably" discounted? Then there are pre-agreed-upon 
34 rules for combining the streams of evidence. Limited animal evidence plus limited 
35 epidemiological evidence results in one rank, sufficient animal evidence plus limited 
36 epidemiological evidence leads to another rank, and so forth. The combinatorial 
37 rules are straightforward, but the rationale for deciding that a stream of evidence is 
38 "limited' is not cleariy defined and is subjective. 

39 A completely quantitative Bayesian approach of the sort proposed by McColl et al. 
40 (McColl et al., 1996) or by Lindley (Lindley, 2000), would require assigning many 
41 quantitative parameters to a complex Bayesian Net model which would 
42 mathematically combine the subjectively assigned parameters to produce a 
43 posterior degree of certainty of causality. To the reviewers' knowledge, this kind of 
44 model has never been applied to any environmental agent How experts such as 
45 physicians, combine streams of evidence to make judgements about causality has 
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1 been of great practical interest As pointed out by Shortfiffe (Shortiifle et at, 2001) 
2 there have been two general approaches. One is to infer statistically (Hotman, 
3 ArooM-Aeed & Klerk, 200!) cr find by interwew what rules experts usually employ. 
4 This assumes that the rules of thumb that experts use are optimal. As Hotman 
5 (Hotman et al., 2001) points out, however, this may not always be the case. The 
6 other approach is to use information to indicate what weights ought to be used. An 
7 example of Ihis was de DombaTs (de Dombal et al., 1972} work using a Bayesian 
8 approach to diagnosing the acute abdomen on the basts of the prior probability of 
9 patients with certain diagnoses showing up in emergency rooms, and the relative 

10 likelihood of elements of medical history, physical signs, and laboratory test results 
11 in the several possible diagnoses. According to Shortiffe (Shortiifle et ai., 2001), 
12 neither approach has so far been reduced to computer applications that render the 
13 combining of streams of evidence a cut and dried uncontroversial activity. It should 
14 be expected then, that Ihe analogous task of risk evaluation will still rely on 
15 professional judgement and will not be frea of controversy. For this reason, our 
16 stakeholders urged us to opt for transparency rather than computational elegance in 
17 our risk evaluation guidelines. In response to the third draft, the Electric Power 

18 Research Institute contracted with Prolessor Sander Greenland in late 2001 to 
19 prepare a quantitative Bayesian model based on Ihe epidemiological evidence lor 
20 childhood leukemia. Since his wiB be the only extant quantitative Bayesian 
21 epidemiological analysis, Ihe reviewere contrast its proposed approach to their own. 
22 His model wffl provide a posterior dose-response curve based on a prior dose-
23 response curve, the pooled epidemiological data, and prior estimates of selection 
24 bias and non-differential measurement bias. The all-important biophysical, 
25 mechanistic, and animal pathology streams of evidence wiH not be part of 
26 Greenland's model, although they could influence the prior dose-response curve in 
27 a subjective way. Calculations from Greenland's model would allow one to provide 
28 a probability that the posterior slope of the dose-response curve is not flat that is. 
29 that there is some causal effect 

30 The following table compares (he Qualitative Bayes evaluation to the traditional and 
31 to Greenland's Quantitative Bayes approach to risk evaluation as to a number ot 
32 characteristics. 

ii.* 

I 

i l 

I 

TABLE IV. COMPARISON OF USUAL RISK ASSESSMENT M ETHOO TO QUALITATIVE AND QuANTiTATrvE BAYES METHODS 

CHARACTERISTIC USUAL METHOD QUAL BAYES QUANT. BAYES 

Evaluates all streams of evidence? Sometimes Yes Focuses on epidemiology, other streams influence 
prior 

Elicits prior probability? No Yes Prior dose-response curve 

Compares likelihood of each element of the evidence under 
the hazard and non-hazard hypotheses? 

No Qualitatively Quantitatively with many of the parameters 
subjectively elicited 

Pro, con, and summary arguments to make rationale 
transparent? 

No, most risk 
assessments ve 
skimpy in justifying 
hazard categories 
assigned 

Yes Wot unless a supplementary document were to 
accompany the model 

Combines relative likelihoods mathematically to derive 
posterior? 

No No Yes, but in some versions non-epidemiol. evidence 
is lolded into the prior subjectively 

Elicits an expert posterior probability after considering aO No Yes No 
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CHARACTERISTIC USUAL METHOD QUAL BAYES QUANT. BAYES 

elemenls of U>e evidence? 

Displays judgments of various judges separately? Usually strives for 
semblance of 
consensus 

Yes Technically possible for different experts to elicit 
their own parameters 

Frames intermediate degrees of certainty as 'not a proven 
hazard?" 

Often No, reveals posterior 
probability 

No, reveals posterior probability 

t 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Both the Qualitative Bayes and the Quantitative Bayes evaluations can provide a 29 
posterior degree of certainty lhat the epidemiological associations are causal, which, 30 
if in the range from 10 to 90 out of 100, will not seem trivial to the general public and 31 
will stimulate policy discussions. The statements, "possible," There is no proven 32 
hazard," or there is no consistent evidence," often used for this range of degrees of 33 
confidence, will not stimulate such discussions. Thus, both the Qualitative Bayes 34 
and Quantitative Bayes methods pose risk communication 'problems' for those who 
believe that society should not begin policy discussions until most scientists are 
virtually certain that a hazard exists. The traditional hazard identifications would 
pose the same "problem" if they routinely used more nuanced categories of hazard 35 
assessment that distinguished between, say, a certainty level of 11/100 and one of 36 
69/100. As now framed they pose a risk communication "problem" for those who 37 
believe that policy discussions should begin even before a hazard Is fifmly 38 
established. 39 

40 
Compared to traditional qualitative evaluations, the Qualitative Bayesian approach 41 
makes the evaluation more transparent, but it still accommodates different opinions. 42 
The DHS reviewers have no doubt that critics of Iheir conclusions could use the 43 
Qualitative Bayes format to make their points. Some of Ihe physicists who believe 44 
that they have a theory to prove thai no residential EMF effect is possible would use 45 
priors so low that their posterior degrees of certainty would be low as well; the 46 
toxicologists who believe reassuring animal tests prove that EMFs are safe would 47 
make a case that Ihe animal study results pull down ther degree of certainty of a 
hazard to a level below thar initial degree of certainty. In a contentious area such as 48 
EMFs. the reviewers doubt very much that any of the three styles of risk evaluation 49 
discussed in the table would force a consensus among subject matter experts who 50 
weigh and tnterpret the several streams of evidence differently. Even in the 51 
Quantitative Bayes model experts will use different priors and will elicit different 52 
subjective relative likelihood parameters for items like bias and confounding, for 53 

which there is no direct evidence. In the traditional method, experts will disagree on 
whether a stream of evidence warrants the adjective limited' or "suffictent," and in 
the Qualitative Bayes approach experts wiD disagree on "how much more likely" the 
pattern of evidence is under the causal and non-causal hypotheses. But the reasons 
for these different judgments will be more transparent in the Qualilative Bayes style 
of risk evaluation and we believe that this is desirable in controversial areas. 

7 How CREDIBLE WAS THE EMF HYPOTHESIS TO BEGIN WTH? 

The three reviewers first considered the initial credibility of the hypothesis (before 
any targeted research had been done) that everyday residential and electrical 
occupational EMF exposures could influence the risk of disease. Like the majority of 
reviewers at IARC and NIEHS, the DHS reviewers were swayed only a little by 
theoretical biophysical arguments that such influences were impossible, since these 
arguments depend on assumptions about biological systems lhat may or may not be 
sophisticated enough to reject reality and rule out an effect The reviewers 
acknowledged, though, that this was probably the only agent they had encountered 
where these kinds of "impossibility" arguments had been made. However, a better 
understanding of biology (and not any change in physics theory) could conceivably 
explain how an organism could detect and be affected by the spatially and 
temporally coherent EMFs or other aspects ot the EMF mixture emanating from 
power lines and appliances. 

The reviewers considered the proportion of chemical agents that had tested 
positively for cardnogenidty at high doses (about 20%) as one benchmark (Fung et 
al., 1993). They also considered the fluctuation of disease rates starting in the late 
19* century when electricity began to spread gradually from wealthy urban areas lo 
other parts of the worid. Any changes could put a priori bounds on the size and 
direction of any EMF effect Milham (Milham S Ossiander, 2001) drew attention to 
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1 something that Court Brown and Ddi (Brown & Doll, 1961) had pointed out more 
2 than 40 years ago, that an increased risk of leukemia mortality for 2- to 4-year-old 
3 children first appeared in the 1920s and increased In intensity in the 1940s. Thus 
4 some factor^) (perhaps electricity, perhaps accuracy in diagnosis), in those 
5 modernized locations caused the registration of toddler leukemia deaths to increase 
6 threefold. The evidence from Court Brown, Doll, and others that childhood leukemia 
7 mortality registration had indeed increased during the early 20* century increased 
8 the prior probability of a moderately large EMF effect, at least for childhood 
9 leukemia. Since similar trends were not reported for other conditions, it was 

10 considered that modest protective or harmful effects from rare high exposures were 
11 compatible with the data. 

12 The three DHS reviewers underwent special training in probability eiidtation. They 
13 then judged that EMF etfects were about as probable or a little less probable to 
14 influence the risk of disease as any man-made environmental pollutant taken at 
15 random. The three reviewers gave probabilities ranging from 5% to 12% a priori, 
16 that EMFs at or above the 95*- percentile of typical residential US exposures would 
17 produce effects detectable by epidemiologists when compared to the t ' percentile 
18 of residential exposure or below. 

8 THE WEIGHT ACCORDED BIOPHYSICAL ARGUMENTS THAT BIOEFFECTS FROM 

RESIDENTIAL ANO MOST OCCUPATIONAL FIELDS WERE IMPOSSIBLE OR THAT NO 

PHYSICAL INOUCTJON M ECHANISM HAD BEEN ELUCJOATEO 

19 While the reviewers do not doubt established physical theory, they believe that its 
20 applicalion to simplified biological models is not sufficiently convincing to prove the 
21 impossibility of epidemiologicai or laboratory observations. However, the argument 
22 that environmental fields have very little energy lowered the prior probability that 
23 EMFs might have biological or pathological effects. The fact lhat Ihere was no 
24 mechanistic explanation lor how residential-level electric or magnetic fields might 
25 cause chemical or cellular changes, that there was no recognized molecule or organ 
26 capable of reacting or detecting residential magnetic fields, and the fact that 
27 recognized physiological effects of pulsed and very high magnetic fields did not 
28 have a well-understood physical induction mechanism did not decrease the updated 
29 degree of confidence much. This is because many known physiological and 
30 pathological effects go for a long time without a full mechanistic understanding. 

9 THE WEIGHT ACCORDED EXPERIMEHTAL EVIDENCE ON ANY 

PATHOPHYSIOLOGICAL M ECHANISMS BY WHICH EMF MIGHT WORK 

31 It has tang been known that EMFs can affect biological processes, if their intensity is 
32 strong enough. In fact, sate exposure limits have been set to prevent these effects. 
33 A good review can be found in the book Efectromagnefc Fietds (300 Hz to 300 
34 GHz), Envimnmental HeaBti CrSetia 137, published under the joint sponsorship of 
35 the United Nations Environment Program, Ihe International Radiation Protection 
36 Association, aid the World Health Organization (Geneva, 1993). In almost all cases, 
37 these levels are exceeded only in very rare occupational environments. Since they 
38 are almost never exceeded in the general environment, such levels are not a public 
39 heailh concern. A much more complex debate centers cn whether these are Ihe 
40 only possible effects or whether the temporal and spatial coherence of the man-
41 made fields associated with electric power can be somehow discriminated from the 
42 incoherent endogenous cunents and interact with biological processes at levels 
43 much lower than those for which exposure limits exist The reviewers agreed that 
44 as was also the case initially for many disease-causing agents, there is not a well-
45 documented mechanism that explains how the EMF 'mixture* at residential or 
46 occupational levels could initiate a biological response or, having initialed that 
47 response, how a chain of events could lead to damage or disease of various types. 
48 There are biological effects from aspects of the EMF mixture, particularly at 
49 exposure doses far above residential and occupational levels. At this time they do 
50 not provide a dear mechanistic understanding of how the EMF mixture could cause 
51 disease. The absence of a dear mechanistic chain of effects and the failure of many 
52 experiments *ith aspects ot Ihe EMF mixture to produce any mechanistic effects did 
53 not lower the reviewers certainty ol causality much below what it was initially. The 
54 evidence that there are some mechanistic effects of some aspects of the EMF 
55 mixture at doses (thousands of mG) far higher than usually encountered in the 
56 environment did not boost the confidence of causality very much beyond the initial 
57 probability because the biophysical arguments suggest that they might not be 
58 relevant to effects at lower levels. The DHS reviewers accepted the unusually strict 
59 requirement that mechanistic results in the laboratory must be demonstrable at 
60 ambient levels of exposure. 

61 It should be noted that the assumption of many of the mechanistic experiments is 
62 that the effects of magnetic or eleciric fields (like those ot many chemicals and 
63 ionizing radiation) occur at a level of organization demonstrable in a chemical 
64 mixture, a mixture of cellular components, or a mixture of cells and does not depend 
65 on the presence of an "intact multicellular organism. There are some well-recognized 
66 effects that violate these assumptions. For example, the intact shark, thiough a 
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1 special organ with an array of connected detectors, can detect tiny etectricai fields 
2 emitted by distant prey. The exact biophysical mechanisms by which the individual 
3 detectors work cannot be documented using individual receptors at the ambient 
4 levels detected by the intact shark (Kalmijn, 1971), (Wissing, Braun & Schafer, 
5 1988). 

6 The lack of mechanistic understanding, which was iniDaJfy the case for many 
7 harmful agents, is not as strong ai argument against causality as the presence of 
8 such an understanding would be in favor of causality. Therefore the mechanistic line 
9 of evidence did not contribute much to the reviewers' judgments. 

10 THE WEIGHT ACCORDED TO EXPERIMENTAI EVIDENCE NOT CLEARLY 
CONNECTED WITH PARTICULAR ENDPOINTS BUT RELEVANT TO THE ABILITY OF 
LOW-LEVEL EMFs TO BE BIOACTIVE 

10 A number of studies, both in vivo and in vitro, report bioeffects which, while they do 
11 not shed fight on physical induction or pathophysiological mechanisms, do suggest 
12 that there are effects other Ihan those mediated by well-understood mechanisms, 
13 such as induced cunents. For example, the initial observations by Uburdy of 
14 inhibition of the melatonin antiproliferative action by 12. mG 60 Hz fields in 1993 
15 (Uburdy et al., 1993) has been confirmed and extended by two other laboratories 
16 (Blackman et ai., 2001), (Ishido et al., 2001). The series of studies using pulsed 
17 magnetic fields that showed non-robust effects on chicken embryos at intensities 
18 below 100 mG (Martin, 1988), (Berman et al., 1990), (Martin, 1992), (Moses & 
19 Martin. 1992), (Moses & Martin, 1993), (Martin & Moses, 1995), (Utovitz et al.. 
20 1994), (Farrell et al., 1997a), (Farrell et al, 1997b}, (Leal et al., 1989), (Chacon et 
21 al, 1990), (Ubeda et at, 1994), (Koch & Koch, 1991), (Koch et at., 1993), (Singh & 
22 et al, 1991), (Espinar et al, 1997), (Blackman et al., 1988). (Yip et al, 1994a), (Yip 
23 et al, 1994b), (Coulton & Barker, 1991), (Youbtcter-Simo et al, 1997), (Piera et al, 
24 1992), (Pafkova & Jerabek, 1994), (Pafkova et al, 1996), (Pafkova et al, 1994). 
25 (Veicsteinas et al, 1996) also provide some evidence of bioeffects that would be 
26 considered "impossible" according to biophysical theory. These two areas of 
27 research have been greeted with suspicion. For example, Weaver (Weaver, 
28 Vaughan & Martin, 1999) dismisses in vitro effects as being artifactual, due to an 
29 insufficiently rigorous lack of temperature control, because biophysical theory 
30 suggests that tiny fluctuations in temperature would produce more effects than 
31 magnetic fields below 100 mG. The DHS reviewers were not convinced by this 
32 argument These studies were no less rigorously conducted than most in vitro 
33 studies in other fields of research. There is no direct evidence lhat inducing 
34 magnetic fields also heats the tissues. If experiments controls beyond Ihe current 

35 technological limits are required, then ALL in vitro and in vivo research should be 
36 called into question. 

37 The reviewers had differing opinions on the extent to which this evidence should 
38 change the belief in the hypothesis from what It was when this issue was first raised. 
39 One could argue that any experiment that shows an effect where none is expected 
40 ought to increase Ihe credibility that EMF can indeed interact with biological systems 
41 at energy levels that biophysical theory considers too low lo be effective. These 
42 studies thus provide some grounds lor mistrusting (he prediction of simplified 
43 biophysical models that no effect ts possible below 100 microTesIa (pT). Reviewer 1 
44 was compelled by the evidence as it stands, while Ihe other two reviewers would 
45 require further experimentation lo gain general acceptance of the results before 
46 putting a lot of weight on them. All three reviewers agreed that confirming or 
47 explaining away the results from these two groups of experiments would be 
48 important for those who put great weight on biophysicaf "impossibility" arguments. 

11 THE WEIGHT ACCORDED TO ANIMAL PATHOLOGY EXPERIMENTS 

49 
50 
51 
52 

53 
54 
55 
56 
57 

58 
59 
60 
61 
62 
63 

64 
65 
66 
67 
68 

The reviewers agreed that, with few exceptions, animal pathology studies based on 
high exposures to certain aspects of the EMF mixture showed no effects. There 
were three reasons why the reviewers believed that animal bioassays of single 
ingredients of the EMF mixture might be prone to missing a true eflect 

a) Finding the right animal species to test While the reviewers recognized that 
most agents found to cause cancer in humans also cause cancer in some (but 
not all) animal species, they were also cognizant that there are known human 
carcinogens, such as cigarette smoke, alcoholic beverages, benzene, and 
arsenic, for which no animal model existed for many decades. 

b) Testing one ingredient of a mixture: The reviewers all questioned whether the 
bioassay of one element of a mixture could be sensitive enough to detect 
problems in the entire mixture. For example, many reassuring assays on the 
carcinogenicfty of caffeine would not reassure us about the carcinogenicity of 
coffee. The animal pathology studies to date have been on pure steady 60 Hz 
fields not on the mixture of ingredients found near power lines or appliances. 

c) Assuming that high intensities of magnetic fields produce larger effects ihan 
moderate fields do: The reviewers also questioned the sensitivity ol a bioassay 
involving a small number of animals and assuming a monotonically increasing 
risk from low to high-dose, when the epidemiological studies that prompted the 
bioassays did not suggest an ever-increasing response. 
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1 
1 The epidemiology suggests that the effect, if any, at 100s of mG (Tynes, Reitan & 
2 Andereen, 1994b), (Floderus, Tomqvist & Stenlund. 1994), (Aitredsson, Hammar & 
3 Kaitehagen, 1996), (Minder & Pfluger, 2001) is no greater than that of chSdren at 3 
4 mG (Greenland et al., 2000), or of highly exposed utility woriiers with 24 hr time 
5 weighted averages (TWAs) around 7 mG (Kheifets, London & Peters, 1997b), 
6 (Kheifets, 2001). One would not expect rodents at 1000 mG to demonstrate a large 
7 enough effect to be detected in a conventionally sized laboratory experiment with a 
S few hundred animals. 

9 Accordingly, the lack of response in most animal pathology studies did not lower the 
10 degree of certainty by much. Reviewer 1 and 3 had Iheir degree of confidence 
11 increased somewhat by repeated, but unrepOcated, results from one German 
12 laboratory (Mevissen et al, 1996b) and isolated results from two laboratories in the 
13 former Soviet Republics (Anisimov et al., 1996), (Beniashvili et al., 1991), which 
14 showed co-promotional effects on breast tumors. None of the reviewers were much 
15 influenced by the statisticaily significant increase in thyroid cancers'm one of the 
16 bioassays (Boorman, McCormick & Findlay, 1999b), even though it had not 
17 appeared in control series of previous bioassays and was thus a very unlikely 
18 occurrence. This effect showed up in only one sex of rats and not in mice and thus 
19 did not pass conventional loxicotogical criteria for animal carcinogenicity. 

20 
21 
22 
23 
24 
25 
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27 
28 
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12 THE WEIGHT ACCORDED TO EPIDEMIOLOGY COMBINED WITH OTHER STREAMS 
OF EVIDENCE 

In the reviewers' judgemenL it was epidemiological evidence that produced the most 
change in the degree of certainty from what it was a prwr. Epidemiological studies 
are non-experimental statistical studies of human populations that compare rates of 
disease in groups with different levels of exposure or compare the proportion ol 
exposed subjects in groups of healthy and diseased persons. The weakness of 
epidemiological evidence is that one cannot role out the effect of factors associated 
with EMFs ('confounders") or completely avoid the limitations of collecting evidence 
in the real worid instead of a controlled laboratory environment These limitations 
may introduce errors ("bias") in the results. On the other hand, the strength of 
epidemiology is that it deals with the species of interest (humans) and the mixture 
and dose of interest (the EMF mixture as experienced by humans). 

The individual studies, most of which were described in the NIEHS report, have 
been summarized in tables and graphs in this report A structured evaluation of the 
epidemiotogica/ evidence was carried out tor each of Ihe 13 endpoints and 
summarized with the classification used by IARC and also by a statement of the 
degree of certainty that the observed epidemiological associations were causal in 

36 nature. In evaluating the credibility of epidemiological evidence, it is common to 
37 consider whether the risk being studied is "biologically plausible" and if 
38 "experimental evidence" exists to support the epidemiology. The three reviewers 
39 followed this practice considering the impact on the epidemiological findings of 
40 mechanistic evidence and evidence about bioactivity at near ambient levels under 
41 the heading of "plausfixlity" and of the animal pathology under the heading of 
42 "experimental evidence." However, these non-epidemiolQgical studies were 
43 discussed In detail in separate chapters. 

12.1 ISSUES RELEVANT TO THE EVALUATION OF THE EPIOEMIOLOGICAL EVIDENCE 

44 Epidemiological results, because of the limitations of the data collected in a 'real 
45 wrid" environment, need to be evaluated with particular care. The three major 
46 concerns are the effects of chance, bias, and confounding. 

12.1.1 CHANCE 

47 Epidemiological studies are expensive. Moreover, In the case ol EMF and cancer, it 
48 may be virtually impossible to find sufficient subjects with both a rare disease and 
49 the rare high exposures. The very well-conducted studies carried out in some 
50 Scandinavian counties are based on so few subjects that a single additional case of 
51 cancer would change their findings. It is possible to reduce the effect of chance 
52 findings by combining results from a number of studies in a meta-analysis or even to 
53 merge the data collected tor different studies in one large data set (pooled analysis). 
54 For health endpoints such as childhood leukemia (Greenland et al.. 2000), adull 
55 leukemia (Kheifets et al, 1997a), adult brain cancer (Kheifets, 2001), amyotrophic 
56 lateral sclerosis (Ahlbom, 2001), male breast cancer (Enen, 2001), and miscarriage 
57 (Lee et al, 2002), (Li et al, 2002), pooled or meta-analytic analyses achieve 
58 conventional "statistical significance.' This couki be interpreted as foUows: If these 
59 were randomized experiments without the possibility of bias or confounding, the 
60 statistical' associations found would not be expected to occur by chance in 5 or 
61 fewer experiments out of 100 replications, if there really was no effect Of course, 
62 epidemiologic^ studies are not experiments, and it would be unethical and 
63 impractical to experimentally subject large numbers of humans to potentially harmful 
64 agents. The leads to the consideration of Was and contounding. 

12.1.2 BIAS 

65 Any source of error in collecting the data may introduce a bias, which is a reason 
66 why the apparent result might not be the troth. A very common bias results from 
67 enors in assessing the true exposure of the subjects to the agent of interest, in this 
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case EMFs. Provided exposure of cancer cases and healthy controls is not 38 
assessed differently, this bias on average results in an underestimate of the risk, if 39 
one exists. When comparing the health risk of subjects exposed above one value to 40 
that of subjects below that value, non-differential misdassification of exposure' 41 
would not, on average, show an assodation if one does not truly exist However, it 42 
may inflate the risk of intermediate exposure subjects and thus frustrate attempts to 43 
estimate a dose-response function. In most of the EMF studies, measurements 44 
were not taken for a long enough duration during the induction period of the disease 45 
to avoid this kind of misdassification. And there is even some argument about 46 
whether the right aspect of the EMF mixture has been measured. The three 47 
reviewers conduded that all of this may have led to an underestimate of any true 48 
effect of high versus low exposures and may have frustrated the ability to develop 49 
an appropriate dose-response curve. 50 

51 
Of the many enors that can creep into epidemiological studies, one in particular has 52 
been a source of argument with regard to a subset of the EMF epidemiological 53 
studies. We are referring to "selection bias" in some of the case control studies. A 54 
case control study is analyzed by comparing a series of cases with a disease to a 55 
series of healthy subjects as to their EMF exposure. If the cases display a higher 56 
proportion of high EMF exposure than the controls, this suggests a causal effect of 57 
EMFs. If, however, the probability of being selected for study is influenced both by 58 
whether one has the disease AND whether one had a high EMF exposure, then an 59 
apparent difference will appear between the cases and the healthy controls, which is 60 
the result of this biased selection and the result does not reflect any true effect of 61 
EMFs on the disease. One way to recruit healthy subjects is random telephone 62 
contact. This method exdudes subjects of lower socio-economic status (SES), who 63 
may not have a telephone. Experience has shown that healthy controls of lower 64 
SES are sometimes less likely to partidpate in epidemiological studies than upper 65 
dass sutyects. In some studies, lower class subjects are more likely to live In 66 
neighborhoods with nearby power lines (Bracken et al, 1998). Since cancer patients 67 
of all sodal dasses are easier to recroit (through a cancer registry) and more likely 68 
to be interested in partidpating, the effects of non-representative control selection 69 
may distort the comparisons between cases and controls and, therefore, the study 70 
results. In the case of EMF, it is daimed thai the fad that there ve more subjects 71 
living dose to power lines among the cancer patients than among the healthy 72 
controls could be due to the lad that low SEs subjects are more likely to live dose 73 
to power lines and they are undenepresented in the control group. This issue of 
possible selection bias in case control studies is a particula' issue for the North 

* "non-differential misdassificalion of exposure" is said to occur when enors of measurement 
occur equally in cases of disease and in fieallhy controls. 

American case control studies on childhood leukemia. Hatch (Hatch et al, 2000) 
indicate that Ihe association between childhood acute lymphoblastic leukemia (ALL) 
and front door magnetic fields greater than 3 mG was 1.9 (U-3.27> among full 
partidpants in their study but fell to 1.6 (0.98-2.61) when 147 partial participants 
were induded. Although this difference was wen within sampling variability, she 
suggested that it might be evidence of the presence of a selection bias which might 
be even more extreme if non-participants had their front doors measured and had 
been induded in the analysis. Hatch (Hatch et al, 2000) conduded that "while 
confounding alone is unlikely to be an important source of bias....selection bias may 
be more of a concem...in case-controi studies." The Scandinavian studies relied on 
cancer registries and lists of citizens and did not require permission of the subjects 
so thai selection bias was not a problem. Ahlbom (2001) has shown that the results 
of the two groups of studies are not much different The pooled analysis of all the 
stodies he dealt with showed a relative risk for exposures above 4 mG as 2.0 (1.3-
3.1), while the results after exduding the US studies was 1.7 (1.0-2.8). That is, the 
confidence interval of the two risk estimates overlap, indicating that there may or 
may not be some overestimate of the effect of living near power lines in the 
American studies, but that even if these are exduded, the association remains 
statistically significant In the pooled analysis by Greenland et al. (2001), there was 
an effect of power line proximity ("wire code"), as well as an effect of measured 
magnetic fields. This might indicate some selection bias for power line proximity. 
Nonetheless, magnetic fields come only partially from power lines. Internal wiring 
and cunents on plumbing form an important source (Zaffanella & Kalton. 1998). The 
only evidence we know of that examines personal EMF exposure from all sources 
and its relation to sodal dass (Lee GM & Li D-K, personal communication) does not 
suggest differences in personal EMF exposure in different social dasses. The 
evidence linking EMFs and adult leukemia, adult bran cancer, Lou Gehrig's 
disease, and Li's prospective miscarriage study come largely from study designs 
where selection bias is not possible (studies where rosters of healthy workers or 
subjects of high and low exposure are followed until death or health outcomes are 
determined from available records without requiring subject cooperation). Thus, 
although selection bias may have distorted the associations between EMF and 
childhood leukemia in some of the studies, the three reviewers did not believe that it 
totally explained the childhood leukemia findings and selection bias was not even an 
issue in the bulk of the studies related to adult leukemia, adult brain cancer, ALS, or 
in one of the two recent studies on EMF and miscarriage. 
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12.1.3 CONFOUNDING 

1 The term "confounding" is derived from the Latin "confundere," to melt together. 
2 Epidemiologists use the term when the impact ot two risk factors "melt together' and 
3 must be disentangled. If heavy alcohol consumption and smoking are both known to 
4 cause esophageal cancer, and people who drink also tend to smoke, then the effect 
5 of drinking will confound the effect of smoking and vice versa. Therefore one must 
6 correct for this confounding in the way the data are analyzed. Sometimes the non-
7 effect of a factor which conveys no risk at all is confounded with the true effect of 
8 another factor. For example, it has been suggested that people who live near power 
9 lines also live on busy streets with lots of traffic and air pollution. This argument 

10 suggests that the effect of air pollution on childhood leukemia was confounded with 
11 (he non-effect of the power lines, and the power lines were falsely implicated instead 
12 ot the air pollution. Two conditions must pertain for an agent to be a strong 
13 confounder of the EMF effect on the various diseases discussed in this report. That 
14 agent must be strongly conelated with EMF exposure and it must have an effect on 
15 the studied disease that is even stronger than the apparent effect of EMF. (f it is 
16 weakly conelated with EMF exposure it must have an effect on disease that is very 
17 strong indeed if it is to make EMF falsely appear to have an effect Langholz 
18 (Langholz, 2001) has examined Ihe candidate confounders for childhood leukemia 
19 and their association with power line proximity wire code. He concluded that while 
20 something connected with the age of home was a possibility, factors like traffic 
21 density, ethnicity, and smoking were not likely confounders. Indeed, not all studies 
22 of traffic and childhood leukemia suggest it as a risk factor (Reynolds et al., 2001), 
23 but a recent study of traffic and power line proximity and childhood leukemia 
24 (Pearson, Wachtef & Ebi. 2000) did suggest that there might be a joint effect Hatch 
25 (Hatch et al, 2000) examined a variety of socioeconomic, and other confounders, 
26 and conduded tfiat together, or alone, measured confounders would distort the 
27 association with ALL by less than 15%. Hatch also found no association between 
28 restdenlial mobility, magnetic fields, or leukemia unlike Jones (Jones etal, 1993). 

29 Electric shocks have been invoked to explain the relation between high-exposure 
30 jobs in the utility industry and ALS (Ahlbom, 2001), (NRP8. 2001a). tf this were 
31 confirmed, they might also be invoked to explain the adult leukemia and brain 
32 cancer associations on the as yet unproven assumption that shocks couW somehow 
33 cause cancer. However, the literature linking shock to ALS, unlike much of the 
34 literature linking high-EMF exposure jobs to ALS, depends on subjects remembering 
35 shocks. They are thus more vulnerable to recall bias than the EMF studies. Some of 
36 the studies suggest a protective, not a harmful, effect (Cruz et al, 1999); (Kondo & 
37 Tsubaki, 1981), (Gunnarson et al, 1992) and the size of the harmful effects of shock 
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38 are less than the high EMF job effect (Deapen & Henderson, 1986), (Savettieri et 
39 al, 1991). No pubttshed study has demonstrated a correlation between shocks and 
40 high-EMF exposure jobs. Studies are underway to see if grounding cunents are 
41 associated with measured magnetic fields and power line proximity. The three 
42 reviewers felt that the evidence for the confounders that had been proposed for 
43 EMF exposure did not have strong support and therefore their degree of confidence 
44 was not decreased by the pattern of evidence. 

12.1.4 COMBINED EFFECT OF CHANCE, BIAS, AND CONFOUNDING 

45 Although each of these possibilities by itself is unlikely to explain the association 
46 between EMF and cancer, is it possible that a combination of the three may be 
47 responsible for an ariifactual finding? The DHS reviewers considered tnis possibility 
48 and concluded that this is not a credible explanalion when many studies of different 
49 design have reported similar results. It is not impossible that individual studies may 
50 have thar result completely explained by an extraordinary coincidence in which 
51 independent unlikely events occur simultaneously. However, for many diseases 
52 considered here the general pattern of results is not critically dependent on 
53 accepting each individual study as reliable. For example, in the case of childhood 
54 leukemia, it has been repeatedly shown that, even H a few studies are excluded, the 
55 results of meta-analyses, pooled analyses, or sign tests are not significantly altered. 

56 In conclusion, the DNS reviewers, to different degrees, concluded that chance, bias, 
57 and confounding ve not probable explanations for the reported associations when 
58 they have been reported repeatedly by independent investigators. In addition, the 
59 DHS reviewers considered other criteria, notably the Hill's criteria lor causality, 
60 keeping in mind thai these are not to be considered as strict rules to follow. Apart 
61 from consistency, which, as noted above made them doubt the non-causal 
62 explanation for a few endpoints, none of the Hill's attributes, when applied lo the 
63 pattern of evidence, influenced their degree of certainty by much. 

64 The DHS reviewers recognize the size of the associations between EMF exposure 
65 and the various diseases studied are not so far above Ihe resolution power of the 
66 studies that confounding and bias could be definitively ruled out as explanations. 
67 They recognized lhat Ihere was rarely an orderly progression of increased risk 
68 within studies and that the effects reported for groups with dramatically high 
69 exposures like electric train operators did not display dramatically high risks when 
70 compared to those with low or moderate exposures. There are also examples where 
71 the statistical results are not completely coherent However, these evidentiary tests 
72 are prone to giving false negative results due to non-differenlial measurement error 
73 and sample size problems. Also, EMFs may have societafly imporlant effects that 
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1 are nonetheless truly dose to the detection of epidemiology. Finally, an agent may 
2 act in an 'on/off* fashion and would not produce a steadily Increased effect These 
3 patterns of evidence therefore lowered confidence some, but not a lot 
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Having examined and discussed each of the health endpoints mentioned above in a 
separate chapter in the main document, the three DHS reviewers each assigned 
their best judgment IARC dassification and degree of certainty (as a number 
between 0 and 100). These determinations are summarized in Table V. Column 1 
displays the condition considered. Column 2 identifies the reviewer. Column 3 
shows the IARC classification in which the number T denotes a definite hazard: 
*2A" a probable hazard, "2B' a possible hazard, and "3" evidence "inadequate' to 
make a dassification. Column 4 displays the pre-agreed-upon phrases for 
describing zones of certainty. Column 5 shows the ratio of the reviewers imputed 
posterior odds to the reviewers imputed prior odds (more about this below). In 
column 6, the reviewers graphed their best-judgment degree of certainty as at V 
and indicated their uncertainty with a shaded bar on either side of that best 
judgment 

To provide an illustration, this method has been applied to two non-EMF examples 
in the first two rows. In row 1, Reviewer 2 has indicated that air pollution is a definite 
causal trigger of asthma attacks and thai he is virtually certain of this. In row 2 he 
shows that he strongly believes that particulate air pollution causes excess deaths. 
There is relatively little uncertainty around either of these determinations. 

Row 3 displays the prior degree of certainty lhat there would be epidemnbgically 
detectable effects when comparing disease rates among persons exposed to EMFs 
at or above the 95" percentile of US residential levels to rates at or below the >> 
percentile residential exposure. These prior degrees of certainty range from 5 to 12 
on a scale from 0 to 100. 

Column 5 is labeled "IRL" for "imputed relative likelihood." If the degree of certainty 
is converted to a probability scale (0-1.0) and, in turn, if one converted the 
probability to odds (probability/(1-probability]) (he imputed prior odds can be 
compared to analogously calculated imputed posterior odds. One would base these 
on the "best judgment" posterior degrees of certainty graphed in Table V. The 
resulting "imputed relative likelihoods" provide some indication of how much the 
overall pattern of evidence In biophysics, mechanistic, animal pathology, and 
epidemiological streams of evidence have combined to move the reviewers from' 
their respective starting degrees of certainty. For example, with regard to air 

36 pollution triggering asthma attacks, the existing evidence has caused Reviewer 2 to 
37 move 900-fold from his prior, while the childhood teukemia evidence has moved him 
38 22-tdld. Royall (Royall, 1997) has suggested anchoring the interpretation of such 
39 relative likelihood numbers on the relative likelihoods derived by probability theory 
40 from the followng hypothetical experiment Suppose that a reviewer has two urns, 
41 one that contains only white balls, the other that contains half white balls and half 
42 black balls. He takes one of the two urns at random. To determine which um he has 
43 ended up with, he begins repeatedly withdrawing a ball and then replacing it in the 
44 um (after noting down its color) and mixing up the balls before pulling out yet 
45 another ball, tf on only one draw he were to find a black ball, he would know that he 
46 was dealing with the um containing 50% black balls. But what is the relative 
47 likelihood conveyed by drawing one or more consecutive white balls? Royall 
48 demonstrates that drawing 5 white bads in a row conveys a relative likelihood of 32, 
49 while drawing 10 consecutive balls conveys a relative likelihood ot 1,024. Reviewer 
50 2 views the asthma/air pollution data as being almost as strong as the evidence 
51 conveyed by drawing 10 consecutive white balls during the um experiment, while 
52 the childhood leukemia evidence is equivalent to drawing just shy of 5 consecutive 
53 white balls. 

* Reviewer 2 had a prior of 5 and a posterior for childhood leukemia al 54. The prior odds are 
5/95 = 0.0526. The posterior odds are 54146 = 1.174. The Imputed relative taJtelihood is 
1.174A).0526 = 22.3. 
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TAat£V. PRIOR AKO POSTERKM DECREES OF CEKrMtrt MD DHS REVIEWERS
 1
 APMCAWOH OF IARC CLksstFKxnoH 

CONDITION 

Air Pollution 
Triggered Asthma 
Attacks (Example: 
NotEMF-Related) 

Particulate Air 
Pollution Triggered 
Deaths (Example: 
Not EMF-Related) 

Prior Confidence that 
EMFs Could Cause 
EpkJentiologically 
Detectable Disease 

Childhood Leukemia 

Adult Leukemia 

Adutt Brain Cancer 

REVIE
WER 

(ARC 
CLASS 

Human 
Risk 

Prob. 
Risk 

NA. 

1 

2B 

2A 

1 

26 

2B 

2B 

28 

2B 

CERTAINTY PHRASE 

Virtually Certain 

Strongly believe 

Prone not to belieye 

Strongly believe not 

Strongly believe not 

Strongly believe 

Close to dividing line 

Prone to believe 

Prone to believe 

Close to dividing line 

Close to dividing line 

Prone to beti&ve 

Close to dividing line 

Close to dividing line 

IRL 

931 

171 

140 

22 

17 

29 

21 

6 

29 

20 

13 

DEGREE OF CERTAWTY FOR POUCY ANALYSIS THAT AN AGENT (EMFs) INCREASES DISEASE 
RISK TO SOME DEGREE 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

•a 
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
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CONOtTtON 

Childhood Brain 
Cancer 

Breast Cancer, 
Female 

EMF Universal 
Carcinogen? 

Miscarriage 

Other Reproductive 

REVIE
WER 

(ARC 
CLASS 

2B 

2B 

2B 
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CERTAINTY PHRASE 

Close to dividing line 

Prone not to believe 

Prone not to believe 

Close to dividing line 

Prone not to believe 

Prone not to believe 

Close to dividing line 

Prone not to believe 

Prone not to believe 

Strongly believe not 

Strongly believe not 

Strongly believe not 

Close to dividing line 

Close to dividing line 

Close to dividing line 

Strongly believe not 

Strongly believe not 

Strongly befieve not 

IRL 

7 

3 

2 

6 

12 

2 

0.4 

0.5 

0.2 

9 

20 

11 

0.4 

0.8 

0.2 

DEGREE OF CERTAINTY FOR POUCY ANALYSIS THAT AN AGENT (EMFs) INCREASES DISEASE 
RISK TO SOME DEGREE 

0 5 10 15 20 25 30 35 40 45 50 55 60 85 70 75 80 85 90 95 100 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
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CONDITION 

ALS (Lou Gehrig's 
Disease) 

AlzheinWa 

Suicide 

Heart 

REVIE
WER 

(ARC 
CLASS 

2B 

2B 

2B 

CERTAINTY PHRASE 

Ctose to divKfing line 

Close to Ming line 

Close to dividing line 

Close to dividing line 

Prone not to beteve 

Prone not to betieve 

Close to dividing line 

Close to dividing line 

Close to dividing line 

Close to dividing line 

Prone not to believe 

Prone not to believe 

IRL 

9 

21 

11 

6 

15 

7 

DEGREE OF CERTAWTY FOR POUCY ANALYSIS THAT AN AGENT (EMFs) INCREASES DISEASE 
RISK TO SOME DEGREE 
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14 HOW DIFFERENT IS THIS EVALUATION FROM THE NIEHS, NRPB, AND (ARC 
FINDINGS? 

1 As outlined in Tabte VI below, there are both common points and significant 
2 differences between the EMF Program's evaluation and those canted out at about 

3 the sane time by the NIEHS (for the Federd EMF-RAP10 Program), the NRPB 
4 (NRPB, 2001a), (NRPB, 2001b), and the IARC (Note: The NRPB did not use the 
5 IARC classification system but expressed their conclusion using common language 
6 expressions). 

7 The following table compares these evaluations: 

TABLE VI. A CowARtsoN OF OHS REVIEWERS' DEGREE OF CERTAINTY WITH THAT OF OTHER AGENCIES 

HEALTH OUTCOME NIEHS WORKING 
GROUP 

IARC NRPB DHS 

Childhood Leukemia 2Br 2B Possible 2B io l 

Adult Leukemia 2B' (lymphocytic) Inadequate Inadequate 2B lo l 

Adult Brain Cancer Inadequate Inadequate Inadequate 2B 

Miscamage Inadequate Not considered Not considered 2B 

ALS Inadequate Not considered Possible but perhaps due to shocks 2B 

Childhood Brain Cancer, Breast 
Cancers, Other Reproductive, 
Alzheimer's, Suicide, Sudden 
Cardiac Death, Sensitivity 

Inadequate Inadequate or not 
considered 

No for Parkinson's Disease, Inadequate for Alzheimer's, 
Other endpoints not yet considered 

Inadequate 

8 It is dear from Table VI that when applying the IARC guidefines, the DHS reviewers 
9 agreed with IARC and NIEHS reviewers that in many cases (e.g., childhood brain 

10 cancer and male and female breast cancer) the evidence would be classified by 
11 IARC as inadequate to reach a condusion. One of the DHS reviewers agreed with 
12 the IARC and NIEHS on childhood leukemia. Two of the reviewers agree with 
13 NIEHS, but not with IARC, on adull leukemia. All three reviewers agreed with NRPB 
14 that EMF was a "possible" cause of ALS. Otherwise, the DHS reviewers regard the 
15 EMFs assodation more likely to be causal than NRPB, IARC, or NIEHS did. 

16 It should be noted that all of the review panels thought that the childhood leukemia 
17 epidemiology warranted the dassification of EMF as a "possible" carcinogen and 

18 thus did not agree with the biophysical arguments that EMF physiological effects 
19 (and therefore pathological effects) were Impossible,' 

20 There is a wide range of opinions in the scientific community as to (he probability 
21 (hat EMFs cause health problems. The DHS reviewers provided numerical values 
22 for their degrees of confidence that risk of various diseases could be increased to 
23 some degree by EMF exposure. Other researchers have rarely packaged their 
24 judgments in this way, so it is hard to make comparisons. Judging by one such 
25 exercise that the DHS reviewers conducted (Neutra, 2001), reasonable scientists 
26 can have different ways of interpreting ihe data resulting in different degrees ol 
27 certainty. 

* Although the majority of scientists assembled to prepare the NIEHS Working Group Report wted for a 'possible 2B' classification for these cancers, the lay person's summary 
submitted by the Director of NIEHS to Congress stated: "ELF-EMF exposure cannot be recognized as entirely safe because of weak scienlific evidence that exposure may pose a 
leukemia hazard." (Final Report NIH Publication 994493, May 1999) 
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1 The three DHS reviewers have been active in the EMF field for more ft an a decade 
2 and are familiar with the opinions and arguments used by the scientists in scientific 
3 meetings. Since Reviewer 1 was part of the IARC-EMF review panel and all three 
4 reviewers had some participation in the earlier parts of the NIEHS process, they 
5 also have some understanding of the process by which selected panels of these 
6 individuals arrived at a group determination about EMFs. The reviewers think there 
7 are at least two relevant differences between their process and the usual 
8 procedures followed by the other groups. 

9 First, the DHS Guidelines require that they consider the inherent tendency of the 
10 several streams of evidence to either miss a true effect, or falsely Indict* a putative 
11 causal agent. The weight given to those streams of evidence was influenced by Ihis 
12 consideration. The standard guidelines involve discussions of whether the 
13 adjectives limited" or "sufficient" best fit Ihe pattern observed in a stream ot 
14 evidence, and depending on the decision one makes, simple guidelines of how 
15 combinations of "limited" and "sufficient" streams of evidence influence whether a 
16 "possible," 'probable," or "definite" causal status is assigned. While the DHS 
17 Guidelines allow null results of animal pathology studies using one ingredient of a 
18 mixture to get little weight, the IARC roles involve a simple combination of binary 
19 judgments about the animal and epidemiological evidence. The way the DHS 
20 reviewers used the Guidelines meant that they did not let the primarily null results 
21 from the mechanistic and animal pathology streams of evidence decrease their 
22 certainty as much as seems to be the case for reviewers in other panels. The 
23 reasons for this have been explained above. Having been less deterred by the null 
24 mechanistic and animal pathology, they were also less prone to invoke unspecified 
25 confounders and bias as an explanation for the persistent, if not homogeneous, • 
26 epidemiotogicai findings for certain health endpoints. 

27 The other reason for the discrepancies in the DHS reviewers' IARC dassification 
28 choices can be traced to differences in the procedures for combining the scientists' 
29 judgments. They found several striking differences between the IARC and this 
30 evaluation processes: 

31 • T h e Panel's Composition. The EMF Program's review was earned out by 
32 the EMF Program's scientific staff and not by a large panel of experts 
33 outside the agency. An outside panel, however, evaluated the document. 
34 One could criticize the DHS panel as being too small and not diverse 
35 enough, but this is standard procedure for Caiifomia government 
36 agendas. The IARC followed its usual practice of convening outside 
37 experts to write drafts, discuss the drafts, and turn them over to staff to 
38 finalize. Given the spread of the scientific opinions on the EMF issue, it is 

39 safe to say that the outcome of any review is a strong function of the 
40 working group members' belief before the review takes place. (The DHS 
41 reviewers have striven to make this transparent through the eiidtation ot 
42 the prior beliefs and the "pro and con" discussion.) Two unbiased ways lo 
43 assemble a working group would be by random selection out of a pool of 
44 "qualified" individuals or through a conscious effort to indude balanced 
45 numbers of individuals known to have oppostte points ot view, tn the first 
46 case, Ihe definition of 'qualified' could influence Ihe verdict of any sample, 
47 and sampling variability could yield a mix of opinions that would vary from 
48 sample to sample so that different working groups could reach different 
49 condusions. The second procedure could be an excellent solution, if the 
50 evaluation were canted out through extensive debates and discussions, 
51 with a shared desire to come to a consensus opinion inespective of its 
52 potential sodal and economic consequences. This was the original 
53 approach used by IARC (Tomatis, private communication). However, the 
54 pressure to condude the evaluation within a short period of time led to 
55 abandoning Ihe discussion lormat in favor of the voting system. This leads 
56 to the next important difference. 
57 • T h e Time Element The meeting to draft the IARC-EMF monograph (June, 
58 2001) lasted live and a hall days. The vast majority d the plenary session 
59 time was dedicated to reviewing the draft chapters prepared ahead of time 
60 by designated committee members with maybe 10% of the time allowed 
61 for discussion of the rationale for reaching condusions. Whenever a 
62 paragraph predpitated a controversial discussion, a common way out was 
63 to propose the deletion of the offending paragraph, a proposal lhat the 
64 time-pressured working group members were usually glad to adopt In 
65. contrast to this process, the DHS reviewers spent innumerable hours and 
66 days, over a period of years and in consultation with independent 
67 consultants, to explain Iheir inferences and resolve or darily Iheir 
68 differences. 
69 • The Format of the Condusion: IARC aims for a consensus condusion. 
70 Members with more extreme views are strongly encouraged to converge 
71 on a middle of the road condusion. In the Caiifomia evaluation, it 
72 consensus could not be reached (as was the case for some endpoints), 
73 each member was allowed to express his or her personal belief. Although 
74 two of the DHS reviewers were subordinate to Ihe third, substantial 
75 differences remained for some endpoints and are openly revealed in this 
76 evaluation. 
77 • lARC's Voting System: The members of the working group were asked to 
78 vote separately on animal and human evidence. Although a sizable 
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minority of the working group believed that there was limited animal 
evidence indicating a possible cancer risk, their opinion was not carried 
past that point of the process. Since the majority regarded the animal 
evidence as 'inadequate," when the final vote on the overall evaluaton 
was taken, the option posed to the working group's members were the 
majority positions, that is, that animal evidence was inadequate and 
epidemioiogical evidence for childhood leukemia was imited. According to 
the guidelines, these two majority positions resulted automatically in a 
Group 2B dassification and Class 2A or Class 1 were not even 
considered as options to vote on, even if individual reviewers, such as 
Reviewer 1, might have so voted. The published monograph does not 
document that the minority view had in fact a higher degree of certainty of 
the EMF risk ihan Ihe m ôrity view. 

Somewhat similar considerations apply lo the NIEHS evaluation. Allhough the whole 
process lasted eighteen months, the dedsion was reached over the course of a 
week-long meeting, followed by a vote. This meeting was preceded by a series of 
workshops induding discussions and presentations, but not all members of the 
working group participated in the workshops, and most of the workshop partidpants 
were not members of Ihe working group. Therefore, the final condusion was still the 
result of a few days intensive meeting, during which much of the time was devoted 
to revising and finalizing the wording of the final report rather than to writing about 
points of controversy. The working group report did document the vote count 

Apart from procedural differences, there are also philosophical differences between 
the various review panels. For example, with regard to adull leukemia, the lARC's 
evaluation differs from the NIEHS and the Caiifomia evaluation because of the way 
epidemiotogicai evidence was considered. Almost all the evidence on adult 
leukemia comes from occupational studies. The Epidemiology subgroup at the IARC 
meeting regarded most of these studies as being of poor quality, with within- and 
between-study inconsistencies. Most ot the evaluation centered on the most recent 
large studies (Sahl, Kelsh & Greenland, 1993), (Savitz & Loomis, 1995), and 
(Theriault et al., 1994), which contradicted each other. The DHS reviewers' 
evaluation considered the whole body of studies, residential and occupational. While 
they acknowledge that many of the studies have limitations, neither they, nor the 
IARC reviewers, have identified fatal flaws. For example, there is no evidence to 
suggest lhat Ihe use of erode exposure assessment sunogates, while virtually 
certain to influence ihe quantitative estimate of risk and to frustrate any attempt to 
explore the dose-response relationship, introduced an upward bias in the reported 
association. On the contrary, Ihe limilations of tbe studies may well be responsible 

39 for the inconsistencies between them. And while these inconsistencies do exist, they 
40 are not as common as the IARC evaluation may suggest The Kheifets (1997) mela-
41 analysis concludes that the body of epidemiological evidence shows a slight but 
42 statistically significant increase in risk. From a binary outcome standpoint, the 
43 studies with a relative risk estimate >1 are more than twice as numerous as those 
44 wtthaRR<1. 

45 Nonetheless, where the DHS and other reviewer panels agreed to assign a 
46 "possible' carcinogen label to an EMF/dlsease assodation, it is not easy to infer if 
47 there would be agreement on a degree of certainty. According to Dr. Rice, Chief of 
48 lARCs Carcinogen Identification and Evalualion Unit (personal communication to 
49 Vincent DelPizzo), "If IARC were to say lhat an exposure is in Group 2A. probably 
50 carcinogenic to humans, that would mean that the evidence is just a little short of 
51 certainty that the exposure in question has actually caused human cancer... Group 
52 28 is the lowest level of identifiable carcinogenic hazard in Ihe IARC system." 

53 Finally, it must be remembered that in DHS's EMF Program, policy 
54 recommendations were addressed separately from Ihe risk evaluation. In some 
55 other cases, evaluations are part and parcel of a policy recommendation (they may 
56 include regulatory recommendations in the condusion). This may make them more 
57 conservative, as it seems to be the case with IARC: '....the (ARC Monographs 
58 system of carcinogenic hazard evaluations is deliberately a very conservative one. 
59 There are many carcinogenic hazards in the human environment that are very real 
60 indeed, and control of exposures to those hazards is extremely important for public 
61 health. To aceomptish this, it is necessary that carcinogenic hazards be correctly 
62 identified. We must avoid misdirecting public attention to any exposure ol any kind 
63 that may be perceived as a hazard, but in fact is a misplaced concern." (Dr. Jerry 
64 Rice in a letter to Vincent DelPizzo, Aug. 10, 2001). The cover letter to the NIEHS 
65 report to congress conduded with a recommendation for only "passive regulatory 
66 action" (NIEHS, 1999). The DHS's three reviewers have packaged their differing 
67 degrees of confidence about causality in a way that can be used in the dedsion 
68 analytic models prepared for the program. DHS has pointed out that the policy 
69 implications of this range of confidences depends on the policy framework of the 
70 decision maker non-interventibnist, utilitarian, virtual-certainty-required, or social 
71 justice. The public regulatory process will determine which one or which mixture of 
72 these frameworks will apply to govern policy. Thus the DHS risk evaluation is 
73 packaged to facilitate dedsion making but separates risk assessment trom risk 
74 management The fad that a reviewer may (eel very certain lhat EMF is a risk lactor 
75 for a particular disease does not imply that he or she advocates exposure mitigation. 
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1 In summary, the differences between the DHS reviewers' judgments and those of 
2 other reviewers are partly due to differences in procedure and terminology and 
3 partly due to the way those three reviewers weighed the several streams of 
4 evidence. 

15 DIFFERENCES BETWEEN DHS REVIEWERS 

5 As noted above, the three DHS reviewers were not able to reach a consensus on all 
6 health endpoints. In this section, they explain the reasons behind their respective 
7 judgments. 

15.1 REVIEWER 1 (DELPIZZO| 

8 In almost all cases, Reviewer Vs posterior degree of confidence is higher than that 
9 of the other two reviewers. There are several reasons for this difference. 

10 a) Different priors—the reviewer is generally more suspicious of man-made 
11 environmental pollutants, which have no place in the evolution process. 

12 b) Reliance on Ihe sign test—this reviewer has put much weight in the sign test, a 
13 simple, dichotomous test which measures the probability of several studies 
14 erroneously reporting the existence of a risk while no risk truly exists. In many 
15 cases the test finds that this probability is extremely small, that is, foe results 
16 are unlikely to be enoneous. In the reviewer's opinion, this test is particulariy 
17 suitable to answer the simple question, is there a risk or not? rather than 
18 asking what the relative risk is. The results ol this test are not changed if Ihe 
19 outcome of one or more studies are partly due to bias. Some worst-case 
20 scenarios, assuming extraordinary coincidences of chance and bias acting 
21 simultaneously in the sane direction, do weaken the evidence, but when a 
22 condition has been studied by many different investigators, these scenarios do 
23 not reduce Reviewer 1's belief by much. 

24 c) Weight given to empirical results—Reviewer 1's prior was limited by the 
25 intuitive belief that the energy associated with environmental EMFs is so small 
26 that, even it these fields are potentially disruptive, the amount of disruption "is 
27 insuffidenl to cause a biological effect Once Reviewer 1 examined the results 
28 of in vivo and in vitro research on EMF exposure, however, he became 
29 convinced that biological EFFECTS (as distinct from PATHOLOGY) can result 
30 from exposure to levels below those which conventional knowledge considers 
31 necessary. That is, if one equates "energy" to "dose," exposure to 
32 environmental fields may be regarded as a non-negligible dose. Thus, the 

33 argument that kept Reviewer 1's prior low disappears and the possibility of a 
34 hazard, when repeatedly reported by independenl epidemiological studies, 
35 becomes more credible. 

15.2 REVIEWER 2 (NEUTRA) 

36 The fact that EMFs are the only agent that Ihis reviewer has encountered for which 
37 there are theoretical arguments that no physiological, much less pathological, effect 
38 could be possible, did decrease Reviewer 2's prior somewhat But physics applied 
39 to sinplified models of biology were not convincing enough to make this prior 
40 credibility vanishingly small. This reviewer noted biological effects in mechanistic 
41 experiments in the thousands of mG but accepted the arguments that these were 
42 probably not relevant to effects below 100 mG. The few experiments that claimed to 
43 show an effect below 100 mG (the chick embryo studies and the confirmatory 
44 studies of Liburdy's melatonin studies) were considered highly worthy of further 
45 study, but not robust enough or free enough of alternative explanations at this point 
46 to cancel out the modest initial doubts about the energetic feasibility ol restdenlial 
47 EMFs to produce biological effects. The animal pathoiogy studies have convinced 
48 Reviewer 2 that very-high-intensity pure 60 Hz or 50 Hz sinusoidal magnetic fields 
49 do not have a strong enough effect to produce consistent pathological effects in 
50 small numbers of the species and strains of animals selected for study. If these 
51 species of animals were to respond as humans are described to have done in the 
52 epidemiology, this was a predictable result even if pure sinusoidal 60 Hz fields were 
53 the active ingredient of the EMF mixture. Humans exposed to hundreds of mG, like 
54 electric train engineers, when compared to persons with 24-hour average exposures 
55 around 1 mG do not show relative risks consistently above 1.00 much less very high 
56 relative risks. Why would animals be expected to do so? Moreover, pure sinusoidal 
57 fields may not be a bioactive ingredient of the mixture, and the animal species 
58 chosen may not be appropriate models for humans. Reviewer 2 believes that the 
59 animal bioassay stream of evidence in this case is thus triply vulnerable to missing a 
60 tree effect and the null results do not reduce his confidence in an EMF effect much. 
61 The fact that there are epidemiotogicai associations with several different cancer 
62 types and with other diseases that have different known risk factors does increase 
63 confidence somewhat but without mechanistic reasons, nol a great deal. Any 
64 changes from the prior were due to epidemiological evidence. Large studies likely to 
65 be free of selection bias carried a lol of weight Many studies of different design and 
66 in different locations showing similar results also carried substantial weight allhough 
67 Reviewer 2 only interpreted the sign test to indicate whether a meta-analytic or 
68 pooled association came from just a few large studies, or from a rather consistent 
69 pattern of result from many studies. Reviewer 2 did not think that any of the specific 
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8 
9 

10 
11 
12 
13 
U 
15 
16 

candidate confounders or biases that had been proposed to date for explaining 34 
away the epidemiology had convincing evidence to support it The fact that most of 35 
(he associations are not much above the resotving power oi epidemiological studies 36 
ten open the possibility of unspecified combinations of bias, confounding, and 37 
chance having produced these associations. This kept Reviewer 2 from having an 38 
updated degree of confidence above the certainty zone of 'dose to the dividing tine 39 
between believing and not believing' that EMFs increase the risk to some degree. 40 

15.3 REVIEWER 3 (LEE) ^ 

Reviewer 3 mainly used the human epidemiological evidence to form a posterior 43 
degree of confidence. The large number of studies showing consistent results 44 
across different study designs, study populations, and exposure assessments, as 45 
well as large, well-conducted studies with adequate power to address confounding, 46 
bias, dose response, and effects among subgroups contributed strongly in updating 47 
the prior degree of confidence. The assodation of EMF with several types of 48 
disease and experimental and animal evidence were minor contributions to the 49 
updating process. Spedfidty, viability, analogy, and, in general, temporality did not 50 
contnbute much to the posterior degree of confidence. 51 

The "sodal justice' perspective seeks to avoid even the possibility of risk, 
particulariy if the risk and the benefit are imposed on different parties. This 
perspective would tend to advocate protective action at lower degrees ol 
confidence, wider uncertainties, and lower absolute probabilities of harm given 
exposure. It would favor risk-assessment approaches with few false negatives, even 
in the face of false positives, tt would focus on the added lifetime risk to the most 
highly exposed. 

The "utilitarian cost/benefit" perspective would evaluate the policy implications of the 
best estimate of the degree of confidence but would explore the consequences of 
the lower and upper bounds of the confidence that a hazard exists. It would focus on 
the burden of societal disease that could be avoided by EMF mitigation. Depending 
on the relative prevalence of stakeholders who suffer, respectively, from false 
positives and false negatives, the utilitarian perspective would develop a preference 
for risk-assessment methodologies. The reviewers would propose that the policy 
integration document discuss the implications for policy arising from the range of 
best estimates among the three reviewers and the range of uncertainties expressed. 
It should also discuss where the three DHS reviewers' degrees of confidence lie in 
the spectrum of sdentific opinion. 

17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 
33 

16 How THE DEGREES OF CONFIDEMCE AND RANGE OF UNCERTAWTT COULO BE 
USED IN POLICY ANALYSES 

Community and stakeholder policy dedsions usually are made from one or more of 
the following ethical perspectives: "non-interference; which emphasizes individual 
choice and rights free from the infringement of others and of government; "sodal 
justice," which emphasizes the protection of the weak, and rights and duties; 
"virtual-certainty-required,' where protective action is only taken when the vast 
majority of sdentists are virtually certain lhat there is a problem; and the "utilitarian 
perspective," which emphasizes results and the most good for the most people at 
the least cost. Each perspective would have somewhat different requirements for 
the degree of confidence of causality before initiating action. 

The "non-interference" perspective seeks to avoid regulatory impingement and 
taxes and tends to favor "right to know" warnings and voluntary solutions to 
problems, regardless of the degree of confidence. The "virtual-certainty-required" 
framework would tend to require a high degree of confidence with nanow 
uncertainty bounds on the part of most sdentists and a high probability of harm from 
exposure before acting on an environmental hazard. Indeed, this perspective would 
favor risk-assessment methods having lew false positives, even at the cost of false 
negatives. 

17 EVIDENCE OF RISK RELEVANT FOR POUCYMAKERS MINDFUL OF 

ENVIRONMENTAL JUSTICE ISSUES 

52 It is sometimes alleged that lower SES subjects are more likely to live in areas with 
53 stronger environmental EMFs. Saizberg et ai. (Salzberg, Parish & DelPizzo, 1992) 
54 first explored this hypothesis and found only weak support for it Bracken et al. 
55 (Bracken et al., 1998) reported a strong correlalion between some SES indicators 
56 (women's occupations, house values) and the very high-cunent configuration 
57 (VHCC) wire code configuration. Hatch (Halch et al., 2000) found no such 
58 assodation. Two very large data sets collected in the San Francisco Bay Area as 
59 part of the study by Lee et al. (Lee et at., 2002) found no evidence of an association 
60 between family income aid measured EMF exposure. However, there was a weak 
61 assodation between tow SES and wire code (Hristova et al., 1997). In a geographic 
62 infonnation system (GIS) study as part of the power grid policy project, English el al. 
63 (http://www.dhs.ca.qov/ehib/ eml/ pdf/ AppendixG-GIS.POFl examined the ethnic 
64 and income characteristics of census blocks within 500 feet of transmission lines. 
65 The proportion of black and Hispanic residents in these comdors was lower Ihan the 
66 state average proportion. Zaffanella and Hooper (Zaffanella & Hooper, 2000) lound 
67 somewhat higher magnetic fields in schools with students of lower socioeconomic 
68 status. In summary, the evidence to support the contention that the EMF exposure, 
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1 if real, disproportionately affects low SES subjects is not very strong, but there is 
2 some suggestive data lhat decision makers may consider when evaluating policy 
3 options. 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

18 THE EMF MIXTURE 

A careful assessment of the electhcity-rejated exposures from power lines, 
appliances, and occupations would reveal what amounts to a complex mixture 
including electrical and magnetic fietds with their respective frequency, polarization, 
etc. The reviewers will call these the "aspects' of the mixture. 

Each aspect varies from instant to instant to form a time-series of intensities, which 
can be summarized as a single number by various summary "exposure metrics," 
which may be more or less biologically active. For example, the exposure metric of 
ionizing radiation that best predicts biological effects is the simple integral of the 
exposure-time series. The exposure metric that best predicts the effect of an 
antibiotic might be the integral of blood levels above some threshold. Other 
electricity-related correlates of proximity to power lines, internal wiring, and 
appliances are not part of the fields at all, but might be conelated with them. These 
include electrically charged and "sticky" air pollution particles; contact cunents from 
stray currents, from plumbing and in the earth, and intermittent shocks. The 
reviewers will call these the "ingredients" of the mixture. 

19 What aspects: ingredients, or exposure metrics, if any, should we be considering in 
20 this risk evaluation? 

21 For a number of years, some researchers believed that if the risk increase were tmly 
22 due to some component of the EMF mixture then this component must be 
23 something captured by the exposure-assessment sunogate known as "wire coding,' 
24 consisting of classifying residences based on their proximity to visible power lines 
25 and on the type of these power lines. Recent new data and reanalysis ol old dala 
26 (Linet et al., 1997), (Greenland el al., 2000) appear to have disposed of this 
27 hypothesis convincingly. They have shown that risk is more consistently correlated 
28 to measured or calculated TWA magnetic field than to wire coding classification. 

29 This does not mean that Ihe TWA—measured by sunogates such as poinl-in-lime 
30 or "spot" measurements, calculations using engineering models and historical line 
31 current loads and job exposure matrices—is necessarily the true causal agent. The 
32 units, mG or pT, that measure Ihe magnetic field's TWA do not describe the 
33 magnetic field (and much less the electric field associated with it) any more than the 
34 units marked on the volume dial on a stereo system fully describe the sound coming 
35 out of the speakers. 

36 Nevertheless, although the reviewers cannot definitely "rule in" the components) ol 
37 InteresL they can rule out some aspects of the fields that are not conelated with 
38 TWA field strength. A detailed discussion of this issue can be found in Neutra and 
39 DelPizzo (2001). Here, the reviewers include Table VII adapted from that paper. 
40 pointing out which of the more commonly proposed metrics are indeed conelated 
41 with TWA (indicated by a '• ") and those which are not (indicated by "No"): 
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TABLE VII. CORREUTIOH OR ABSENCE OF CORRELATION BETWEEN EXPOSURE METRKS ANO EXPOSURE-ASSESSMENT SURROGATES 

EXPOSURE METRK TO 30-300 Hz MAGNEDC FIELDS HIGH WIRE 
COOE 

HIGH MEASURED FIELD HEALTH 
ENDPOINT 

REFERENCE 

(1)TWA * 

• 
* many 

(2) Length of time with constant fieW above a threshold m * 

(3) Repeated periods of elevated exposure • 
(Feychting, Forssen & Floderus, 
f997), (Feychting, Pedersen & 
Svedberg, 1998b). 

(Lee &McLoed, 1998) 
(4) Third harmonic ? ? (Kaune, 1994b) 

(5) Resonance with static field No No 7 (Kaune, 1994b), (Bowman, 1995) 

(6) Time above a threshold • * ? (von Wmtertddt & et af.. 2001) 

(7) Polarization ? ? ? (Burch etal., 2000) 

(8) Transients No No (Preece etal., 1999} 

(9) Maximum daily exposure * • • (Uetal., 2002), (Lee etal., 2002) 

(10) Average change between measurements • 

• 
# 

(Lee etal., 2002) 

(11) Electric field Not inside 
home 

Not inside home ? (Miller etal., 1996). (Coghill etal., 
1996) 
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1 
2 
3 
4 
5 

6 
7 
6 
9 
10 
11 
12 

13 
14 
15 
16 
17 
16 
19 
20 
21 

22 
23 
24 
25 
26 

This table allows the reviewers, at least, to cast doubt on two metrics that are 
supported by mechanistic arguments, but not (or at least not consistently) by 
empirical data. These are 1) magnetic field transient, which can induce strong, if 
brief, electrical cunents in the body, and 2) resonance conditions, which may 
facilitate energy transfer from the field to the living organism. 

The table also emphasizes the difficulty of testing the hypothesis of an EMF risk by 
conducting experimentai studies. Studies using an exposure apparatus that delivers 
an appropriate TWA (but not an appropriate exposure to a hypothetical aspect 
ingredient, or exposure metric found in residential or occupational environments) are 
liable to produce false-negative results. Or they may produce positive results 
suggesting dose-response relationships different from those that may result from 
environmental fietds. 

Reducing TWA exposure will reduce exposure to several other metrics and reduce 
any risk from TWA or the exposure metrics that are changed with it However, Ihis is 
a sufficient but not necessary condition: if TWA is not by itseK the causa! factor and 
if we could identify and remove from the EMF mixture Ihe component directly 
causally associated with the health endpoint a subject could still be exposed to high 
TWA and not be at risk. Also, because the conelation coefficient between TWA and 
Ihese other components of the field are modest to moderate, reducing TWA 
exposure would not reduce Ihe risk proportionally to the decrease in the average 
field strength. 

The following table compares Ihe values of the magnetic field strength, measured by 
direct personal measurement or by environmental monitoring (spot or 24-hour 
measurements). Note that these are not data collected on the same sample, but 
general information gleaned from the literature (Zaffanella & Kalton, 1998), (Lee et 
al., 2002) and mathematical modeling. 

TABLE VIII COMPARISON OF THE VALUES OF THE MAGNETIC FIELD (MG) STRENGTH 
M EASUREO BY DLRECT PERSONAL M EASUREMENT WITH ENVIRONMENTAL 
MEASUREMENTS 

PERCENTILE TWA AVERAGE SPOT MEDIAN SPOT MEDIAN 24-
POINT OF EACH PERSONAL HOME HOMEMEASURE- HOUR HOME 

TYPE OF FIELD MEASUREMENT MEKT FIELD 
MEASUREMENT 

99 1 5.5 6.6 5.8 5.5 

95 3.2 3 2.6 2.6 

PERCENTILE TWA AVERAGE SPOT MEDIAN SPOT MEDIAN 24- 2. 

POINT OF EACH PERSONAL HOME HOME MEASURE HOUR HOME 

$• TYPE Of FIELD MEASURFMFHT MENT FIELD if 

MEASUREMENT :.J 

90 2.4 2.1 1.7 1.8 
'f. 

75 1.5 1.1 1 1 
'f. 

50 0.9 0.6 0.5 0.5 

'f. 

27 The personal TWA is generally higher than the environmental levels, reflecting the 
28 contribution that occasional dose proximity to localized sources (appliances, wall 
29 wires, buried cables} makes to the average personal exposure. However, at the 
30 upper end of the distribution, this difference is minimal or non-existent reflecting the 
31 fact that exposure to localized sources is common to all subjects. These localized 
32 sources contribute a few tenths of a mG to the personal 24-hour average (TWA). 

33 What determines the "exposed" status of a subject in epidemiological studies 
34 (generally defined as a TWA above 2-4 mG) is usually the background 
35 environmental exposure, and that is contributed largely by home exposure (where 
36 people spend the most time). Certain occupations are an exception to this 
37 generalization because work-time exposure is so much higher than home exposure. 
38 According to Zaffanella's '1000 homes study" (Zaffanella, 1998), these background 
39 fields are due, with almosl equal frequency, lo proximate power lines and to 
40 grounding system fields. 

41 Of course, this condusion about background fields will change drastically if future 
42 research confirms the hypothesis-generating data by Lee (Lee et al., 2002) and Li 
43 (Li el al., 2002), indicating that at least for spontaneous abortion (SAB), the true risk 
44 factor is the maximum daily exposure above 14 mG or the average field change 
45 between measurements. If maximum exposure, or one very strongly correlated to it, 
46 is the appropriate metric, then sources of localized fields (appliances, home wring) 
47 become more important than power lines and ground cunents because the latter 
48 seldom produce fields of the intensity implicated by the Lee and Li studies. 

49 An additional difficulty that arises in this case is that personal measurements taken 
50 at the hip, as is common practice, may introduce enors that are large compared to 
51 the instrument error. This is because the field produced by a localized source shows 
52 significant variation based on which anatomical site is measured (DelPizzo, 1993), 
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1 even Ihough some sources like power lines outside the house may produce a field 
2 at locations like the eye and the hip that are virtually identical. We also have no 
3 clear evidence by which to determine it the EMFs interact with biological systems at 
4 specific target organs. For example, there is some evidence that birds perceive 
5 geographic variations of the earth's magnetic field by means of their eyas (Graves, 
6 1981). On the other hand, EMFs might act directly on cells in the marrow or In the 
7 uterus. Personal measurements taken at the hip might miss some exposures to the 
8 eye, but not exposures to the uterus, 

It must be stressed that, allhough Ihe Li (2002) and Lee (2002) studies are recent, 
good-quality studies with similar results, they have not yet been replicated. While 
meriting attention, they do nol negate the wealth of data associating 24-hour 
average field to risk of other diseases. 

19 POTENTIAL ANNUAL NUMBERS OF DEATHS ATTRIBUTABLE TO EMFS 

9 Two recent review articles calculated the proportion of all childhood teukemia cases 
10 that might be attributed to the rare highest residential EMF exposures. This was 
11 estimated to be around 3%. With about 100 childhood teukemia deaths per year, 
12 this would translate to about 3 deaths in Caiifomia per year attributable to EMFs. 
13 The evidence does not pennit similar direct calculations for the other reviewed 
14 conditions. However, suppose that only 1% of the conditions that were considered in 
15 this evaluation (minus those that Ihe three reviewers "strongly believed" were not 
16 caused by EMFs) could be attributed to EMF exposure. The numbers of atlributabte 
17 cases could still be in the hundreds per year and comparable to the theoretical 
18 burden ot i heailh tiiat has motivated other environmental regulation (di 
19 Bartolomeis, 1994). The annual Caiifomia deaths from each of these conditions are 
20 shown in Table IX The reader can apply 1% to these numbers to verify the 
21 assertion in the previous sentence. 

TABLE IX. 1998 YEARLTT CALIFORNIA DEATHS (SOME FRACTION OF WHICH MIGHT BE AFFECTED BY EMFs) * 

AGE CHILD ADULT CHILD ADULT MALE FEMALE SPONT. ALS ALZ SUICIDE ACUTE 
GROUP LEUK. LEUK. BRAIN BRAIN BREAST BREAST ABORT* HEIMER M.I. 

0-19 99 0 79 0 0 0 11,000 0 0 171 2 

29 Plus 0 1888 0 1294 30 4095 49,000 434 320 3044 17,236 

* Fromhttp^www.ehdp,com/vn/rryav/cau1/eql/indexhtm 
* Note: many would not consider spontaneous abortion as serious as the death of a child or adult 

i 

'A 

I 

22 
23 
24 
25 
26 

20 POTENTIAL ADDED LIFETIME RSK FROM UGH EXPOSURE 

Since epidemiology is a blunt research instrument the theoreticai lifetime individual 
risk thai derives from any agent that has an epidemiotogically detectable effect will 
be automatically greater than the lifetime risk of 1/100,000 lhat triggers many 
regulatory processes. This means most of the epidemiologicai associations 
examined in this document could cleariy be of regulatory concern if real. 
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27 That being said, with the exception of miscarriage, the theoretical lifetime risks from 
28 the highest EMF exposures are such that depending on the disease and assuming 
29 relative risks ranging from 1.2 to 2.0, 93% to 99.9% ol even highly exposed 
30 individuals would escape contracting the norvmiscamage health conditions studied. 

31 These insights are illustrated in Table X below. 

35 

1 : 

1 

1 



TABLE X ADDED LIFETIME RISK IMPLIED BY RELATIVE RISKS OF U OR 2.0 FOR RARE ANO COHUOH DISEASES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL INCIDENCE DISEASES IN CATEGORY ADDED ANNUAL RISK FROM: 

RR«1.2;RRa2.0 

ADDED LIFETIME RISK FROM; 

RRslZRR^IO 

LIFETIME CHANCE OF ESCAPING 
DISEASE AFTER EXPOSURE 

1/100,000 ALS, Male Breast Cancer o.2/ioo,ooo;i/ioo,ooo 1.4/10.000; 7/10.000 99.99%; 99.93% 

5/100,000 Child Leukemia 1/100,000; 5/100.000 2/10,000; 10/10,000 99.98%; 99.9% 

10/100,000 Suicide, Adutt Brain, & Leuk. 2/100,000; 10/100,000 14/10,000; 70/10,000 99.9%; 96.3% 

100/100.000 Acute Myocardial Infarction 20/100,000; 100/100,000 1.4%; 6.8% 98.6%; 93.2% 

1% Alzheimer's 0.2%; 1% NA (late onset) NA 

10% Miscarriage 2%; 10% NA (occurs during pregnancy) NA 

13 
14 
15 
16 
17 
18 
19 

Note; RR = risk ratio; NA = not appficable 

Two new epidemiology studies (Li el al.. 2002), (Lee et al., 2002) suggest that a 
substantial proportion ot miscarriages might be caused by EMFs. Miscarriages are 
common in any case (about 10 out of 100 pregnancies} and the theoretical added 
risk for an EMF-exposed pregnant woman may be an additional 10 out of 100 
pregnancies according to these two studies. If true, this could clearly be of personal 
and regulatory concern. However, the type of EMF exposure implicated by the new 
epidemiological studies (short, very high exposures) probably come primarily from 
being very dose to appliances and indoor wiring, and only rarefy from power fines. 
Seventy-five percent of the women in the studies had at least one of these 
exposures during a day, and even one exposure a day, if typically experienced 
during pregnancy, seemed to increase the risk of miscamage. Nonetheless,' the vast 
majority of pregnant women with such exposures did NOT rrascary. 

21 POLICY-RELEVANT AREAS FOR FURTHER RESEARCH 

One of the major impediments to evaluating the potential bioactivity of a complex 
mixture is identifying the bioactive components of that rraxture. This usually requires 
finding some kind of bioassay with which to assess the mixture and then successive 
fractions of il. While some epidemiologists have attempted to evaluate the effects of 
difterent aspects of the EMF mixture and some exposure analysts have attempted 
to characterize the occurrence and intercorrelation of its aspects, important policy-
relevant questions still remain. 

20 Experimentalists have rarely used the mixture as it occurs in real life and have 
21 focused instead on one or the other aspect of the mixture, usually pure sinusoidal 
22 60 Hz fields at intensities far above those lound in residential or blue collar 
23 occupational environments. Deeply ingrained experimental research styles and an 
24 orientation to explaining mechanisms rather than describing phenomena has meant 
25 that intestigatoHnitiated research and even programs that attempted to guide 
26 research have rarely been characterized by progressively refined descriptions of 
27 dose-response relationships to produce stronger bioeffects. 

28 This has been compounded by the expectation of a quick resolution ot the question 
29 by those who fund research, as was the case with the New York State program of 
30 the m(d-1980s, the current California Program, and the recent five year federal 
31 EMF-RAPID program As was discovered after President Nixon's "War on Cancer" 
32 in (he early 1970s, research progresses slowly and in successive multi-year 
33 research cycles, with the results of each cyde governing the direction ol ihe next It 
34 would not be surprising if it took four more five-year research cycles lo darify the 
35 EMF issue. 

36 This means that if one were serious about darifying this issue there would need lo 
37 be a long-term commitment to steady research funding and funding for intemiittent 
38 assessments of the state of the science and research directions. Most research 
39 peer review groups would favor research where a dear bioeffed was present and 
40 credible aitemative mechanisms were being explored. Those situations tend to have 
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1 a high yield of early definitive results, and such results lead to continued research j . 
2 funding, publications, and research career advancement. The EMF area does not fit 1 
3 this description and from this perspective would receive a low priority for funding | 
4 from the usual peer review study sections. Indeed, prominent researchers who | 
5 doubt that there are any bioeffects, much less epidemiological effects, from the | , 
6 residential and occupational EMF mixture, feel there is nothing to find and have | , 
7 recommended that no more funding for this area be provided (Park. 1992). ff' 

I 
8 Cleariy the three DHS reviewers disagree with the assessment of the evidence to f* 
9 date and see a number of research areas which are worth pursuing that could j 

10 influence and focus exposure avoidance strategies, if any. The cost effectiveness of I 
11 further research has been a topic of the program's policy analysis and wiH be | 
12 discussed at greater length in our policy integration document The cost/benefit | 
13 analysis of EMF research suggests that there is so much at stake in choosing | 
14 between "expensive," "inexpensive," and "no mitigation1 lhat more research funding | | 
15 can be easily justified. (httpJ/www.dhs.ca.gov/ehib/emf/pdtfChapter09- % 
16 ValueoflnformattoapdO | 
17 The highest initial priorities for the reviewers would be to cany out exposure studies jg 
18 in residential settings and the workplace to see if purported aspects of the EMF 
19 mixture that would require different mitigation strategies are correlated with 
20 magnetic field exposure and could theretore explain their apparent effect Such 
21 aspects include sudden exposures to the 60 Hz fields, such as micro-shocks, stray 
22 ground cunents. and charged ait pollutants. Such exposure studies would make it 
23 possible to reanalyze some of the existing worker cohorts to determine if these 
24 aspects are associated with diseases. 

25 Rather than further pursuing new studies of rare diseases with long incubation 
26 periods, turlher studies of the more common conditions in which EMFs might have 
27 shorter induction periods, such as spontaneous abortion, acute myocardial 
28 infarction, and suicide should be given priority. These would be more relevant to a 
29 utilitarian policymaker. i | 

I 
1 

f 

30 On the experimental front, the reviewers suggest giving priority to finding reliable ! | 
31 bioeffects below 100 mGandto carefully exploring doseresponse relationships and H 
32 then mechanisms. The balance between investigator-initiated and programmed | f 
33 research, as well as the guidelines that will be used for interpreting results, need to i|i 
34 be carefully considered. | | ' 

8 
Rabonafa and Overview 37 
Caiifomia EMF Risk Evalualion June 2002 ^ 
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Q. STATE YOUR NAME AND BUSINESS ADDRESS. 

A. My name is Robert Q. Hanham and my work address is Department of Geology and 

Geography, Box 6300, West Virginia University, Morgantown, WV 25506. 

Q. WHO ARE YOU EMPLOYED BY? 

A. I am an Associate Professor of Geography at West Virginia University. 

Q. HAVE YOU PREVIOUSLY SUBMITTED DIRECT TESTIMONY IN THIS 

PROCEEDING ON BEHALF OF ENERGY CONSERVATION COUNCIL OF 

PENNSYLVANIA? 

A. Yes. My direct testimony was previously submitted in this proceeding as ECC 

Statement No. 2. 

Q. PLEASE DESCRIBE THE PURPOSE OF YOUR SURREBUTTAL. 

A. My surrebuttal addresses the uneven impacts that the TrAIL Project imposes on 

Western Pennsylvania -- including Washington and Greene Counties, Francis R. 

Chiappetta's and William H. Bailey's attempts to diminish those impacts, and Bailey's 

failure to conduct an adequate peer review. 

Q. DOES THE PRINCIPAL FOCUS OF THE TRAIL PROJECT BENEFIT WESTERN 

PENNSYLVANIA AND WASHINGTON AND GREENE COUNTIES, IN 

PARTICULAR? 

A. No. As previously testified, the Project focuses principally on the transmittal of 

electrical generation to the points East - including Loudoun County. Hanham Direct at 

3:14-14:4. TrAILCo represents that the precise need for the Project relates to spurring 

"significant economic growth" in the Mid-Atlantic and Northern Virginia areas. 

TrAILCo Statement No. 3 at 22:13-18 (Testimony Steven R. Herling). 

Q. PLEASE EXPLAIN WHY THE TRAIL PROJECT BENEFITS POINTS EAST? 
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A. The Project allegedly addresses consumer demand. TrAILCo states "consumer 

demand" in the mid-Atlantic ("areas along the Atlantic seaboard from the District of 

Coiumbia to Northern New Jersey") and northern Virginia is the primary factor causing 

"electrical need for the TrAIL project." TrAILCo Statement No. 4 at 16:19-19:9 

(Testimony Scott W. Gass). TrAILCo claims that the existence of that demand is 

supported by load growth in the northern Virginia area of 40% in Dominion Virginia 

Power's service territory and over 60% in Allegheny Power's service territory. Id. at 

19:13-17. 

TrAILCo defines consumer demand to consist of two components: ()) the 

number of consumers and (2) use per consumer. Id. at 19:3-9. The census data 

referenced in my previous testimony demonstrates that increased consumer demand 

exists, if at all, outside the Commonwealth of Pennsylvania. As I point out, that the 

census data indicates the population of Loudoun County has grown by an estimated 

95,000 from 2000 to 2006. See Hanham 3:23-4:9 and Exhibit RQH-3. Neither 

Washington County nor Greene County have experienced even remotely similar 

growth. 

Q. DOES THE PROJECT PROVIDE ANY TANGIBLE BENEFIT TO WASHINGTON 

AND GREENE COUNTIES? 

A. No. TrAILCo articulates the need for the Project, in part, to alleviate so-called "load 

pockets." Scott Gass testified that "load pockets" are created where a high use area has 

too little local generation and has to import power from neighboring areas. TrAILCo 

Statement No. 4 at 9:14-10:6 (Testimony Scott W. Gass). Such load pockets typically 

occur in urban areas. Id. 
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Q-

A. 

Washington and Greene Counties are primarily rural areas and, according to 

TrAILCo's own definitions, are not likely to generate load pockets. Moreover, from 

2000-2006, the population of Washington and Greene Counties, Pennsylvania 

apparently grew only by a combined 3,200. See Exhibit RQH-2. By contrast, Loudoun 

County, an urban suburb ofthe District of Columbia, experienced a large population 

growth in the past six years. Gass, himself, confirms that "load pockets" in the 

Northern Virginia area (not Pennsylvania) drive the Project. 

Based on prior testimony of TrAILCo's witnesses, TrAILCo's own documents, 

my research, and the testimony of George Loehr and Peter Lanzalotta, I conclude that 

the Project adds no real or sustained value to Washington and Greene Counties. This 

conclusion is particularly true given the uneven impacts the Project imposes on 

Washington and Greene Counties and Pennsylvania as a whole. 

WHAT UNEVEN IMPACTS DOES THE PROJECT POSE TO WASHINGTON AND 

GREENE COUNTIES AND WESTERN PENNSYLVANIA? 

Consistent with my prior testimony, Washington and Greene Counties and Western 

Pennsylvania will suffer markedly more detrimental impacts than the Mid-Atlantic and 

Northern Virginia areas without receiving any corresponding benefit. Hanham Direct at 

3:4-14:4. These uneven impacts include (a) the direct taking of citizens' property in 

Washington and Greene Counties for the right of way, (b) the diminution in value of the 

residual property owned by the citizens, (c) the physical construction ofthe 500 KV and 

138 KV lines and attendant structures, (d) the use of potentially harmful processes to 

maintain the right of way, (e) increased pollution, and (f) increased exposure to 

potential health risks. Accordingly, the value of communities in Western Pennsylvania 
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^ -- particularly Greene and Washington Counties -- are going to be reduced while the 

3 value of communities on the east coast will be raised by the Project. 

0 

12 

13 

28 

Q. WHAT DATA ARE RELEVANT TO DETERMINING UNEVEN IMPACTS? 

A. In addition to evaluating the benefits, an assessment of the Project under uneven 

7 economic development theory requires inquiry into the potential negative impacts o 

construction. A myriad of data may assist in the analysis including governmenta 

^ reports, public input, independent research data, and available industry data. Because 

the Project implicates both transmission and generation, the potential impacts include, 

but are not limited to, (a) increased pollution, (b) diminution of property values and (c' 

increased health risks. 

AT? 

14 Q. IN ASSESSING POLLUTION IMPACTS, WHAT DATA HAVE YOU LOOKED 

15 

16 

1^ A. As noted in my direct testimony, I examined, among other things, the 

13 Intergovernmental Panel on Climate Change, the Environmental Protection Agency's 

9 Toxic Release Inventory (2005), and the Sierra Club's report from its Clean Air 

Committee. See Hanham Direct at 6:12-8:17 & RQH-4, RQH-9, & RQH-10. The 

Sierra Club's report, submitted in the Public Input Hearings, cites The American Lung 

Association's State of Air 2007 report and Mercury Deposition in Pennsylvania 2005 

Status Report authored by the Environmental Resources Research Institute associated 

20 

21 

22 

23 

24 

25 with Pennsylvania State University. Additionally, I have reviewed the Carbon Dioxide 

26 Emissions reports covering Allegheny Power plants. See Allegheny Power Plant 

2 7 Spreadsheet RQH-12, and TrAILCo's Responses and Produced Documents to ECC's 

nterrogatories 1-35 and 1-63. 
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^ The proximity of Western Pennsylvania, including Washington and Greene 

3 Counties, to point sources of emissions in comparison to the proximity of Northern 

4 Virginia, including Loudon County, to the same sources is readily discernable. The 

^ available data indicates that Western Pennsylvania already suffers greater 

environmental impacts than points East benefiting from the Project. Moreover, 

TrAILCo's own documents suggest that additional environmental impacts - in the form 

of new coal-fired plants -- may occur in the West further impacting Western 

O Pennsylvania. 

Q. IN REACHING YOUR CONCLUSION THAT PROPERTY VALUES WILL BE 

12 
DIMINISHED, WHAT DID YOU CONSIDER? 

13 " 

14 A. Among other things, I considered the documents and testimony introduced in the Public 

15 Input Hearings. That evidence explored the potential impact of high voltage lines on 

the lives of affected citizens in Washington and Greene Counties and Western 

Pennsylvania. That evidence also included articles written from the vantage point of 

certified real estate appraisers. The articles concerned relative values of property 

encumbered by high voltage power lines. These articles indicated that high voltage 

21 power lines do diminish value. Additionally, I considered the fact that TrAILCo has 

22 directly approached land owners within the proposed corridor and offered monetary 

2 3 consideration (the so-called Damages Release) to proceed with the Project. The 

24 
evidence supports the reasonable conclusion that real property in Washington and 

25 
Greene Counties will be diminished in value as result of the Project. 

26 

27 Q- HAVE YOU REVIEWED THE REBUTTAL TESTIMONY OF FRANCIS R. 

28 CHIAPPETTA? 

16 

17 

18 

19 

20 
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A. Yes. I have. 
2 

3 Q. WHAT IS THE APPARENT PURPOSE OF CHIAPPETTA'S TESTIMONY? 

9 

10 

Chiappetta attempts to attack my reasonable conclusion that the Project adversely 

impacts the value of certain real property in Washington and Greene Counties. 

4 

5 

6 

7 0. DOES THE TESTIMONY OF FRANCIS R. CHIAPPETTA ALTER YOUR 

CONCLUSIONS? 

A. No. Chiappetta fails to identify any prior experience in valuating real property 

encumbered by high voltage power lines. TrAILCo Statement No. R-17 (Testimony of 

12 Chiappetta). Moreover, Chiappetta did not conduct individual appraisals of any real 

property impacted by the Project. Id. at 6:2-5. As such, Chiappetta provides no direct 

14 
evidence supporting his conclusions and his stated conclusions are directly contradicted 

5 
by TrAILCo's own actions. 

6 

17 Additionally, to the extent Chiappetta attempts to peer review the articles raised 

in the Public Input Hearings, his peer review methodology is unacceptable. At best, 

19 
Chiappetta confines his comments merely to one identified factor impacting valuation — 

20 
visual impairment. See id. at 18-21-20:3. However, the articles identify additional 

21 
^ factors such as EMFs that negatively impacted the value of real property encumbered 

23 by high voltage power-lines. Chiappetta omits any discussion of EMFs in his review. 

2 4 Q. HAVE YOU REVIEWED WILLIAM H. BAILEY'S REBUTTAL STATEMENT? 

25 

26 

27 Q. WHAT IS YOUR UNDERSTANDING OF THE PURPOSE OF BAILEY'S 

2 8 STATEMENT? 

A. Yes. I have. 
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^ A. To be honest, it was not really any different from his initial testimony. Basically, he 

3 was recycling his argument that EMFs pose little or no risk to human health. The only 

4 real difference was his resort to personal attacks. 

5 Q. HAS BAILEY IDENTIFIED ANY AUTHORITATIVE BODY THAT 

CONCLUSIVELY STATES EMFS POSE NO HEALTH RISKS? 

A. No. To be clear. Bailey, as he must, concedes that the scientific community has not 

9 ruled out EMFs as posing a human health risk. Indeed, the organizations upon which he 

0 relies - including the IARC -- all currently classify EMFs as being possibly 

^' carcinogenic. That classification is principally due to several epidemiological studies, 

12 
documenting a statistically significant increase of childhood Leukemia cases in 

13 
populations living near high voltage power lines. The scientific community also has not 

14 
fully ruled the role EMFs may play either alone or in tandem with other factors in the 

16 development or progression of other diseases. 

1 7 Q. SINCE THE NIEHS REPORT ISSUED IN 1999, ARE THERE OTHER STUDIES 

DEMONSTRATING A HEIGHTENED CARCINOGENIC RISK POSED BY HIGH 
19 

2 0 VOLTAGE POWER LINES? 

2 1 A. Yes. Each ofthe following articles are examples of studies that discuss the heightened 

risk of childhood leukemia posed by exposure to EMFs associated with high voltage 

power lines 

22 

23 

24 .. 
I. Ilhan G., Karakus S., and Andic N., Risk Factors and Primary Prevention of 

2 5 Acute Leukemia, ASIAN PAC.J. CANCERPREV. 2006 Oct-Dec; 7 (4):515-7. 

2 6 2. Draper G., Vincent T., Kroll ME, Swanson J., Childhood Cancer in Relation 
27 to Distance From High Voltage Power Lines in England and Wales: A Case 

Control Study; BRITISH MEDICAL JOURNAL 2005; 330 (7503): 1290. 
28 

. Bianchi N., Crosignani P., Rovelli A. Tittarelli A., Carnelli CA, Rossitto F., 
Vanelli U.. Porro E., Berrino F., Overhead Electricity Power Lines and 
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Childhood Leukemia: A Regisiry-Based, Case-Control Study, TUMORl 2000 
May-June 86(s): 195-8. 

Q. ARE YOU QUALIFIED TO CRITIQUE THE METHODOLOGY BAILEY USES IN 

PEER REVIEWING THE CDHS REPORT? 

2 

3 

4 

5 

6 A. Absolutely. Bailey is not presenting EMF research. Bailey is attempting to peer review 

7 a scientific study for litigation purposes. As a professor with 30 years of experience, 

am well qualified to address the appropriate methodology to employ while peer 

reviewing an article. My prior criticisms of Bailey demonstrate that Bailey is not 

conducting an independent and neutral assessment of the CHDS report. Here, Bailey 

12 functions as an advocate, not a scientist, for the industry. 

1 3 Q. WHAT DO YOU MEAN BY THAT? 

14 | | 

A. Bailey is a paid consultant employed by Exponent and hired by the power industry, here 

^ TrAILCo, to defend its interests. 

1 7 Q. DO YOU HAVE ADDITIONAL CRITIQUES OF BAILEY'S METHODOLOGY? 

A. Yes. Bailey relies on the processes of the IARC, ICNIRP, and WHO for researching 

2Q and reporting EMFs, suggesting that such processes are more valuable because they are 

21 derived from allegedly independent, multidisciplinary teams. My research uncovered a 

2 2 very interesting article by Don Maisch titled "Conflict of Interest and Bias in Health 

23 
Advisory Committees: A Case Study of the WHO's Electromagnetic Field (EMF) Task 

24 
Group" published in the JOURNAL OF THE AUSTRALASIAN COLLEGE OF NUTRITIONAL 

25 
AND ENVIRONMENTAL MEDICINE in 2006. See RQH-13. This article examines the 

26 

2y undue influence of the power industry in the WHO's advisory committees on EMFs and 

28 health, thereby undermining the impartiality of the exposure guidelines and scientific 
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^ advice given by those committees. The article also identifies the same conflict of 

3 interests existing in the ICNIRP. 

According to Maisch, the "WHO task group writing a new Environmental 

Health Criteria (EHC) document on power frequency EMFs included... representatives 

from the electric utilities, or organizations with close ties with the industry." According 

to Maisch, among persons invited to weigh in on the new EHC document were 

9 representatives of several utility companies from around the world, including Exponent. 

0 Maisch concludes his article by saying that "to stack the WHO EHC task group...with 

representatives of the power industry...can only be construed as being aimed at 

12 
ensuring that industry involvement...will bias ...risk assessment for power frequency 

13 
exposure limits." Bailey, himself, participated in the ICNIRP and IARC process. 

14 

5 Q. DOES BAILEY'S DIRECT PARTICIPATION AND THE POWER INDUSTRIES* 

1 6 OVERALL PARTICIPATION IN THE IARC, ICNIRP, AND WHO PROCESSES 

CALL INTO QUESTION THE VALIDITY OF THOSE PROCESSES? 
17 

19 A. Yes. In academia, "independent research" usually refers to research developed without 

20 influence of industry interests. Bailey is an industry consultant and his prior support of 

21 the power industry is well known. Dr. Bailey's mere participation in the ICNIRP/IARC 

22 
processes and the power industry's alleged participation in the WHO process calls into 

23 
question the independence of such processes. 

24 " 
2 5 Q. DO YOU TAKE ISSUE WITH SPECIFIC STATEMENTS IN BAILEY'S 

26 REBUTTAL TESTIMONY? 

27 

28 
A. Yes, several. 
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• Page 9 (lines 15-19) Bailey says that "it is obvious that persons would 
have no reason to spend long periods of. ..time on...or near the right-of-

3 way because...the proposed route would pass through a sparsely 
populated area." Of course, sparsely populated does not equa 

4 unpopulated. Many affected people actually live or work on or near the 
right-of-way, so they do have reason to be there. Additionally, some 

^ affected persons own live stock or other animals that utilize the same 
6 property. 

7 • Page 10 (lines 1-12): Bailey defends his statement that persons would be 
largely shielded from the electric field...by intervening trees (and) 
shrubbery. A right-of-way with a high voltage transmission line will be 
totally cleared of trees and vegetation, which means that people will not 

9 "be largely shielded." 

0 
Page 12 (lines 8-23): Bailey addresses my critique of his conclusions 

11 based on the IARC and NIEHS reviews given my reading of the CDHS 
review. He states that my "knowledge...appears to be limited to his 

' 2 reading ofthe Executive Summary of their report." That assumption is 
wrong. I read the whole thing — a painful experience because it is about 
400 pages. He then goes on to say that 1 confuse "the presence of a 

14 statistical association between magnetic fields and childhood leukemia 
with proof of a causal relationship." Nowhere do I link statistical 

5 association and proof of a causal relationship in my testimony. Bailey 
apparently misreads my testimony at page 11 (lines 16-18). The word 
'proof is not in that sentence. I have taught advanced statistical 

17 methods to graduate students for 34 years, and I know only too well the 
fallacy of that connection. I would never link statistical association and 

18 proof of a causal relationship. It is quite clear that there are no grounds 
for saying that statistical association is proof of a causal link, just as 

19 there is no basis for arguing that animal experimentation is proof of a 
2Q causal link. 

2| • Pages 18-19: Dr Bailey addresses my critique of his reliance on animal 
experiments. In his defense, he states that "[t]he value of animal studies 

22 in human health risk is undisputed." Of course, debate does exist over 
^ the utility of animal experimentation. 

24 • Page 21: Bailey addresses my critique of the process followed by IARC. 
He says that I have "erroneously described the process used by IARC" 

25 and that "contrary to Dr Hanham's description, the IARC Working 
Group did not use a 'simple binary response (yes or no) in evaluating 

26 studies (or simply give) a majority opinion (or draft the report) over five 
days." My description derived from the CDHS report - one of whose 

2 7 authors was a member of the IARC panel. 

28 

16 
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Q. DOES BAILEY'S TESTIMONY CHANGE YOUR OPINION ON UNEVEN 

HEALTH IMPACTS? 

A. No. As demonstrated. Western Pennsylvania fails to derive a benefit from the Project. 

The Project, however, does impose potential health risks on citizens of Washington anc 

Greene Counties. If there is no demonstrable need for such lines, the imposition of 

even the slightest risk is unreasonable. 

Q. DO YOU HAVE AN OPINION ON THE WEIGHT THE COMMISSION SHOULD 

AFFORD YOUR TESTIMONY OR BAILEY'S TESTIMONY? 

A. Actually no. I trust that the Commission is quite capable of determining the relative 

weight evidence has in this proceeding without the burden of me weighing in on that 

determination. That said. Bailey's Rebuttal testimony submitted by TrAILCo fails to 

rebut or address my core opinions. 

Q. DOES THIS CONCLUDE YOUR TESTIMONY? 

A. Yes. However, I reserve the right to file such additional testimony as may be necessary 

or appropriate. 
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plant jd parentcompjd company id name carbon 2000 carbon 2007 
17024 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC HARRISON 14400000 14200000 
17152 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC HATFIELDS FERRY 9043293 8958911 
13847 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC FORT MARTIN 7390642 7328248 
35027 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC PLEASANTS 6698923 6721762 
2075 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC ARMSTRONG 2123367 2099231 

28811 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC MITCHELL (PA) 1506386 1500480 
853 ALLEGHENY ENERGY INC MONONGAHELA POWER CO ALBRIGHT 1219076 1200372 

42832 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC SPRINGDALE AESC 43241 686426 
49869 ALLEGHENY ENERGY INC MONONGAHELA POWER CO WILLOW ISLAND 604176.3125 597188.125 
38266 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC RP SMITH 406244.5 400652.1875 
37692 ALLEGHENY ENERGY INC MONONGAHELA POWER CO RIVESVILLE 233816.5938 229735.5938 
14619 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC CANS 43241 52493.8906 
16280 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC GUILFORD TOWNSHIP 0 52493.8906 
18900 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC HUNLOCK CREEK AESC 31099.0098 38119.9102 
6083 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC BUCHANAN COUNTY 0 23003.6895 

42833 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC SPRINGDALE WPP 1051.334 15788.7803 
41081 ALLEGHENY ENERGY INC GREEN VALLEY HYDRO LLC SHENANDOAH (VA) 0 0 
49062 ALLEGHENY ENERGY INC GREEN VALLEY HYDRO LLC WARREN (VA) 0 0 
10152 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC DAM NUMBER 5 0 0 
24244 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC LAKE LYNN 0 0 
26325 ALLEGHENY ENERGY INC GREEN VALLEY HYDRO LLC LURAY 0 0 
28586 ALLEGHENY ENERGY INC ALLEGHENY ENERGY SUPPLY CO LLC MILLVILLE (WV) 0 0 
31140 ALLEGHENY ENERGY INC GREEN VALLEY HYDRO LLC NEWPORT (VA) 0 0 

--
TOTAL 43744556.75 44104906.07 

Page 1 of 3 
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plant jd carbon nextdecade energy_2000 energy_2007 energy_nextdecade intensity_2000 intensity_2007 intensity_nextdecade state 
17024 14200000 13000000 12900000 12900000 2206.4319 2209.0439 2209.0439 West Virginia 
17152 8958911 8434493 8344702 8344702 2144.3601 2147.209 2147.209 Pennsylvania 
13847 7328248 7669555 7595337 7595337 1927.267 1929.67 1929.67 West Virginia 
35027 6721762 .6043370 6063039 6063039 2216.949 2217.292 2217.292 West Virginia 

2075 2099231 2108421 2081295 2081295 2014.177 2017.236 2017.236 Pennsylvania 
28811 1500480 1456223 1449315 1449315 2068.895 2070.6069 2070.6069 Pennsylvania 

853 1200372 979551.375 962704.125 962704.125 2489.05 2493.751 2493.751 West Virginia 
42832 686426 60320.7109 1408156 1408156 1433.703 974.9289 974.9289 Pennsylvania 
49869 597188.125 517147.3125 510381.1875 510381.1875 2336.573 2340.165 2340.165 West Virginia 
38266 400652.1875 350690.8125 345261.9062 345261.9062 2316.824 2320.8601 2320.8601 Maryland 
37692 229735.5938 172074.5938 168719.0938 168719.0938 2717.6179 2723.292 2723.292 

£ 

West Virginia 
14619 52493.8906 60320.7109 74280.1328 74280.1328 1433.703 1413.403 1413.403 Pennsylvania 
16280 52493.8906 0 74280.1328 74280.1328 0 1413.403 1413.403 

LL 

Pennsylvania 
18900 38119.9102 28876.7695 35930.6992 35930.6992 2153.9121 2121.8569 2121.8569 / 

Pennsylvania 6083 23003.6895 0 38229.5195 38229.5195 0 1203.452 1203.452 Virginia 
42833 15788.7803 1278.083 24603.6191 24603.6191 1645.174 1283.452 1283.452 Pennsylvania 
41081 0 2475.7671 2413.749 2413.749 0 0 0 

i— 

Virginia 
49062 0 3848.6399 3752.231 • 3752.231 0 0 0 

s 

Virginia 
10152 0 3216.7739 3136.1931 3136.1931 0 0 0 West Virginia 
24244 0 160347.5938 156330.9062 156330.9062 0 0 0 Pennsylvania 
26325 0 7866.1592 7669.1089 7669.1089 0 0 0 Virginia 
28586 0 8156.8188 7952.4888 7952.4888 0 0 0 West Virginia 
31140 0 6896.8052 6724.0381 6724.0381 0 0 0 Virginia 

TOTAL 44104906.07 

Page 2 of 3 
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p lan t jd city_name metroarea county congdist zip latitude longitude 
17024 Haywood Harrison Alan Mollohan 26366 l_39.3814 -80.3362 
17152 Masontown Pittsburgh Fayette John Murtha 15461 39.8153 -79.8735 
13847 Maidsville Monongalia Alan Mollohan 26541 39.7076 -80.0561 
35027 Belmont Pleasants Alan Mollohan 26134 39.3518 -81.2939 

2075 Kittanning Armstrong Bill Shuster 16201 40.8196 -79.4288 
28811 New Eagle Pittsburgh Washington John Murtha 15067 40.2059 -79.9534 

853 Albright Preston Alan Mollohan 26519 39.5676 -79.6538 
42832 Spring dale Pittsburgh Allegheny Jason Altmire 15144 40.5496 -79.7839 
49869 Belmont Pleasants Alan Mollohan 26134 39.3518 -81.2939 
38266 Williamsport Hagerstown Washington Roscoe Bartlett 21795 39.569 -77.8139 
37692 Rivesville Marion Alan Mollohan 26588 39.5777 -80.1451 
14619 Gans Pittsburgh Fayette Bill Shuster 15439 39.7428 -79.8246 
16280 Marion Franklin Bill Shuster 17235 39.8575 -77.6987 
18900 Hunlock Creek Scranton-Wilkes-Barre-Hazleton Luzeme Tim Holden 18621 41.247 -76.089 
6083 Oakwood Buchanan Rick Boucher 24631 37.2148 -81.9825 

42833 Springdale Pittsburgh Allegheny Jason Altmire 15144 40.6496 -79.7839 
41081 0 Page Bob Goodiatte 0 0 0 
49062 Warren Washington, DC-MD-VA-WV Warren Bob Goodiatte 0 0 0 
10152 Hedgesville Berkeley Shelley Capito 0 0 0 
24244 Lake Lynn Pittsburgh Fayette Bill Shuster 15451 39.7473 -79.8399 
26325 Luray Page Eric Cantor 22835 38.6496 -78.431 
28586 0 Jefferson Shelley Capito 0 0 0 
31140 Newport Giles Rick Boucher 24128 37.3126 -80.5117 

TOTAL 
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Conflict of Interest & Bias in Health 
Advisory Committees: A case study of the WHO S 
Elect romagnet ic Field (EMF) Task Group 

Don Maisch 
EMFacts Information Service 

a number of 
independent researchers 
were involved in the 
preparation and review 
of the draft, but it was 
"highly unusual, if not 
unprecedented, for a 
WHO health document 
to be reviewed by so 
many with such strong 
ties to the affected 
industry"13 

Introduction 
The potential problem of conflicts-of-

interest biasing outcomes in papers submitted 
to bio-medical journals, including papers 
published in journals by expert advisory bodies, 
was an issue addressed by the International 
Committee of Medical Journal Ediiors in 
November 2003. To quote from their "Uniform 
Requirements ": 

"Conflict of interest exists when an author 
(or the author's institution), reviewer, or editor 
has financial or persona! relationships that 
inappropriately influence (bias) his or her 
actions... The potentialfor conflict qf interest 
can exist whether or not an individual believes 
that the relationship affects his or her scientific 
judgement. Financial relationships... are the 
most easily identifiable conflicts of interest and 
the most likely to undermine the credibility of 
thejoumal, theauthors, and of science itself"1 

This paper briefly examines this problem , 
using recent actions taken by the World Health 
Organisation's (WHO) International EMF 
Project and the International Commission on 
Non-Ionizing Radiation Protection (ICNIRP). 

In both organisations the case is presented 
that maintaining independence from industry 
vested interests is essential for maintaining 
scientific objectivity and credibility in giving 
expert advice on public health matters. 

At the May 2001 Australian Senate Inquiry 
into Electromagnetic Radiation.Michael 
Repacholi, head of the WHO's International 
EMF Project, informed the Senate Committee 
that the WHO had a firm policy against industry 
involvement in its processes. To quote: 

"The World Health Organization does not 
allow industry to participate in either standard 
setting or in health risk assessment. The WHO 
takes the view that there cannot be industry 
representation on standard setting working 
groups. There cannot be someone on the 
working group who is having an influence on 
health effects for an industry when they derive 
benefit from that industry. " i 

ICNIRP clearly states on its website that all 
commission members are independent experts 
in their respective scientific disciplines and do 
not represent either their countries or institutes 
and specifically they cannot be employed by 
industry. In order to maintain this independence 
from industry or other vested interests it is 
stated; 

"Members are reminded frequently of the 
need to declare any interests detrimental to 
ICNIRP's status as an independent advisory 
body... ICNIRP also does not accept funding 
from industry. ^ 

These requirements were established so that 
ICNIRP's credibility of its advice and 
guidelines cannot be said to be influenced or 
biased by industry vested interests. Dr Ken 
Joyner, from Motorola, stressed the 
independence of ICNIRP from industry at the 
Australian Senate Inquiry into Electromagnetic 
Radiation in May 2001. Joyner stated: 

"If you want to look at one standards body 
that has specifically excluded any industry 
representatives, there is the ICNIRP body. You 
cannot be a member of the ICNIRP if you are 
part of industry. They exclude you from that 
process. "* 

The ICNIRP website also explains that the 
scientific reviews carried out by ICNIRP 
members are combined with risk assessments 
done by WHO International EMF Project 
working groups with the resultant being the 
publication of ICNIRP's EMF exposure 
guidelines. Therefore the claim that ICNIRP's 
scientific advice is value-free from industry 
influence must also include the same 
requirement for any WHO risk assessment 
task group. That was what Repacholi stated to 
the Australian Senate Committee in May 2001 
(as previously quoted). 

"There cannot be someone on the working 
group who is having an influence on health 
effects for an industry when they derive benefit 
from that industry." 

The close working relationship between 
ICNIRP and the WHO'S EMF Task Group 
evaluating power frequency research is seen in 
the makeup of the membership of Ihe Task 
Group. Out of the 20 members from 17 
countries5, we have Paolo Vecchia, the current 
ICNIRP Chairman, Anders Ahlbon, Larry 
Anderson, Rudigcr Matthes as members of 
ICNIRP's main commission, with Ahlbon also 
on ICNIRP's Standing Committee on 
Epidemiology. Other ICNIRP Standing 
Committee members include Christoffer 
Johansen, Jukka Juutilajnen, Alasdair 
McKinlay and Zhengping Xu. Eric van Rongen 
is a consulting expert for ICNIRP. In addition, 
Michael Repacholi, head of the WHO's 
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Intcmfltiona] EMF Project, is also Chairman 
Emcrilis oflCNIRP.6 

Including Repacholi, half of the official 
members of thc WHO task group are also 
members of ICNIRP, so it is obvious that there 
are no secrets between ICNIRP and the Task 
Group. 

Industry influence endemic in 
the decision making process 

As reported by the New York based 
publication. Microwave News, on 
October 1, 2005, the 20 member WHO 
Task Group writing a new Environmental 
Health Criteria (EHC) document on 
power frequency EMFs included, at the 
request of Repacholi, repre-sentatives 
from the electrical utilities, or 
organisations with close tics with thc 
industry. Their task was to both assist 
in writing the initial draft and review the 
completed draft.' This is in clear conflict 
with what Repacholi stated in his 
testimony in the May 2001 Australian 
Senate Inquiry hearings. To quote again: 
"There cannot be someone on the 
working group who is having an influence 
on health effects for an industry when 
they derive benefit from that industry." 

One of the central authors of the draft, and 
member of thc EHC Task Group, Leeka 
Kheifets, was a former WHO assistant to 
Michael Repacholi. She disclosed in Sept. 2005 
in a letter (declaring any potential conflicts of 
interest) to thc British Medical Journal that 
she "works with the Electric Power Research 
Institute... and consults with utilities. "8 Other 
power industry representatives who assisted 
Kheifets in preparing the draft were Gabor 
Mczei, from the EPRI, Jack Sahl from Southern 
Caiifomia Edison (USA), and Jack Swanson 
from thc National Grid (UK). When Repacholi 
sent a draft ofthe EHC out for review in early 
July 2005, the reviewers included re
presentatives from thc power industry bodies: 
The Federation of Electric Power Companies 
of Japan, Pacificoip (USA), Hydro-Quebec 
(Canada), the Utility Health Sciences Group 
(USA) and Exponent Inc (USA).* The question 
of liability must have also been on the agenda, 
as Exponent has described its business activities 
as follows: 

"Exponent serves clients in automotive, 
aviation, chemical, construction, energy, 
government, health, insurance, manufacturing, 
technology and other sectors of the economy. 
Many of our engagements are initiated by 
lawyers or insurance companies, whose clients 
anticipate, or are engaged in, litigation over an 
allegedfailure of their products, equipment or 
services." 1 0 

In addition to WHO staff, the only other 
observers that Repacholi invited to thc WHO 
Task Group meeting in Geneva on 3 October 
to recommend exposure limits, were eight 

representatives from the power industry. 
Members of the press were barred from 
attending." In addition ihe meeting was not 
publicised on either the WHO web site meetings 
list or the Bioclcctromagnetics Society 
Newsletter's conference calendar and very few 
members of the EMF scientific community, 
including important EMF epidemiologists, 
were even aware ofthe meeting.11 Only industry 
representatives received invitations. Why were 
the epidemiologists who were directly involved 
in the research that the WHO's risk assessment 

task group would evaluate, not also invited as 
observers and reviewers? 

The Microwave News article points out that 
a number of independent researchers were 
involved in thc preparation and review of the 
draft, but it was "highly unusual, i f not 
unprecedented, for a WHO health document to 
be reviewed by so many with such strong tics 
to the affected industry,"13 

One example of an industry reviewer's 
viewpoint, seeking to downplay potential health 
hazards, is seen in the comments from Michel 
Plante, representing Hydro-Quebec: 

"The whole section on cancer seems more 
like a desperate attempt to maintain some 
positive statistical association from 
epidemiological studies alive than a factual 
and honest presentation of arguments both for 
and against carcinogenicity. " H 

Flame's role as aprotcctor of his employer's 
interests in denying a cancer link with EMFs 
was amply demonstrated in his involvement, 
as a Hydro-Quebec representative, in 
suppressing potentially damaging cancer data 
in a 1994 Hydro-Quebec funded epi
demiological study by Dr Gilles Theriault et al. 
from McGill University. The initial analysis 
ofthe data collected from three electric utilities 
found that workers who had thc greatest 
exposures to magnetic fields had twelve times 
the expected rate of astrocytomas, a type of 
brain tumour, based on a small number of cases.11 

In a later re-analysis of the data1*, this time 
looking at high frequency transients (HFT), 
thc McGill University team found up to a 10-
fold increased risk of developing lung cancer 
amongst highly exposed utility workers, with 
a "very clear" exposure-response relationship." 

When Gilles Theriault's McGill team wanted 
to further analyse the HFT data for other 
associations, Hydro-Quebec, which funded thc 
S3 million study, and therefore owned the 
collected data, refused further access to the 
data. Plante said at the time thai "we have a 
contract problem that has to be resolved and 
there will be no new mandate unliiii is solved". 
Plante argued that by Theriault publishing the 
findings on HFT he had violated the contract 
with the utilities. Many senior EMF 'researchers 
and epidemiologists saw the HFT data as 

having important implications and 
needing further analysis by other 
researchers." As of October 2005 the 
Hydro-Quebec HFT data has 
continued to be suppressed from any 
further analysis by the scientific 
community - and Plante, as Hydro-
Quebec's man at the centre of thai 
suppression, has now been asked by 
Repacholi lo review the WHO's 
Environmental Health Criteria risk 
assessment. 

It is not known if Plante was asked 
at thc meetings about the "positive 
stalistical association" seen in the 
Hydro-Quebec HFT data, but he could 
have replied that il is not important 

because it has not yet been replicated! 
Thc Utility Health Sciences Group, another 

power industry group that Repacholi asked to 
review the EHC draft document, plainly 
indicated that they considered increased costs 
to industry should take precedence over health 
considerations when they proposed a change 
in the chapter on protective measures that 
stated: 

"It should also be pointed out that redirecting 
facilities or redesigning electrical systems may 
be so expensive as to be inconsistent with the 
low-cost and no-cost steps typically viewed as 
prudent avoidance." '* 

The UHSG also proposed a statemem be 
included in the summary; 

"It would be useful for the. summary to 
include a clear statement that the scientific 
research does not establish ELF EMF as a 
cause or contributing factor in any disease or 
adverse health effect, including cancer."10 

The Myth of not accepting 
funding from industry 

It is stated on the ICNIRP web site that in 
order to protect its status as an independent 
advisory body, " ICNIRP also does not accept 
funding from industryT.11 Whcnitcomestothe 
WHO'S International EMF Project, however, 
no such restrictions apply. As Repacholi has 
stated, the: 

"[EMF]Project can receive funding from 
any source through Royal Adelaide Hospital; 
an agency established through WHO Legal 
Department agreement to collect funds for the 

project, 

2 - Journal of Ihe Australasian College of Nutritional & Environmental Medicine - Aprti 2006 



Questions of a conflict-of-interest and even 
money laundering could be raised at this point 
when it was revealed by Microwave News that 
Repacholi, as head of the EMF Project, receives 
$150,000 annually from the cellphone 
industry.1 3 However, Repacholi could 
rightfully still claim that he docs not receive 
any direct funding from industry sources since 
it is funncled through the Royal Adelaide 
Hospital. This arrangement may be in violation 
of a current WHO rule against employees and 
consultants accepting any "gift or 
remumeration" from external sources 
"incompatible" with their duties to WHO.1* 

A Claytons oversight committee? 

According to a fact sheetJVew 
Electromagnetic Fields Exposure Guidelines, 
published by the European Commission in 
December 2005, an "International Advisory 
Committee" (IAC) has been set up to provide 
oversight to the WHO's Iniemational EMF 
Project. This committee consists of 
representatives of international organisations, 
independent scientific institutions and national 
governments who are supporting the Project.25 

In this case IAC oversight should essentially 
operate much thc same as a judicial oversight 
committee where a judicial branch of the 
government watches or monitors what is going 
on or happening in a case or matter. In the 
judicial arena it is a form of checks and balances 
that operates to keep law officers from abusing 
their powers." In the case ofthe WHO's EMF 
Project IAC oversight should operate to 
prevent WHO officials from abusing their 
powers - and this should include preventing 
the possibility of bias through confiict-of-
interest. It would also be important for the 
IAC to maintain an arms-length distance from 
the project activities that it is supposed to 
monitor. 

The question then needs to be asked of the 
IAC: Why have they failed to interverie in the 
case of blatant industry influence on the WHO's 
EMF Task Group? 

Forgotten Lessons: Big Tobacco and 
Protecting the Integrity of WHO 
Decision Making 

In July 2000 thc WHO Committee of Experts 
on Tobacco Industry Documents released a 
260-page report documenting the tactics used 
by the tobacco industry's strategies to 
undermine the work of the WHO.17 At the 
same time thc WHO issued a 15-page response 
document listing a detailed response to ensure 
that thc WHO was never undermined again, 
Just a few ofthe 58 are worth quoting: 

6. WHO should urge other UN organisations 
to investigate possible tobacco company 
influences on their decisions and programs, 
and to report their findings publically-

7. WHO should advocate implementation and 

consistent enforcement of effective conflict 

of interest and ethics policies throughout 
UN agencies. 

8. WHO should urge Member States to 
conduct their own investigations of possible 
tobacco company influence on national 
decisions and policies, and to publish reports 
on their findings. 

11. Appoint an ombudsman or other 
independent offices, outside the standard 
tines of reporting authority, with autonomy 
and clear authority for enforcing ethical 
rules. 

12. Disseminate conflict of interest rules more 
broadly. 

14. Introduce a formal process for vetting 
prospective employees, consultants, 
advisers, and committee members, to 
identify conflicts of interest.. 

19. Prohibit employees, consultants, advisers, 
and committee members from holding any 
substantial financial affiliation with the 
tobacco industry, including any employee 
or consulting relationship... 

f^uch a blatant 
disregard for the 

KJ fundamental 
principles of credible 
science as well as WHO's 
mission on protecting 
world health speaks of a 
desperation to bury 
independent science at 
all costs, even if that cost 
is the integrity of WHO. 

20. Disqualify any professional services from 
performing work on behalf of WHO if the 
firm also provides a tobacco company with 
services likely to be adverse to the interest 
of public health... 

21. Prohibit employees, consultants, advisers 
and committee members from accepting any 
item of value from a Tobacco company or 
its affiliates... 

35. WHO and IARC should take steps to educate 
their scientific investigators and 
collaborators about tobacco company efforts 
to undermine research and the need for 
special vigilance in protecting the integrity 
of tobacco-related research."' 

Although the above sample of WHO 
recommendations were in response to Big 
Tobacco's attempts to undermine WHO 
integrity, its direct relevance to other large 
industrial interests cannot be ignored, be it the 
power industry or telecommunications. 

Unfortunately it seems that in this case at 

least, WHO has forgotten thc hard lessons 
learnt with its previous experiences with Big 
Tobacco. In the case of WHO'S Task Group 
writing the new Environmental Health Criteria 
(EHC) for power frequency EMFs, a violation 
of the above recommendations urgently calls 
for an independent evaluation to protect both 
public health and WHO's integrity. 

In Conclusion 
It is acknowledged that in an ever 

increasingly globalized world thc reliance on 
international organisations to set standards to 
protect public health is an irrefutable fact of 
modem life. It is also a fact that international 
organizations charged with this task need to be 
"eternally vigilant" to ensure that their 
organisations are not co-opted by vested 
interests groups - as cxampled by Big Tobacco 
and WHO. 

However when it comes to non-ionizing 
radiation issues (in this case for power 
frequency health risk assessment) the evidence 
is clear that Michael Repacholi has used his 
standing in both WHO and ICNIRP lo stock 
the WHO's Environmental Health Criteria 
Task Group for power frequency exposures 
with representatives ofthe power industry in 
contravention of WHO policy. This can only 
be to the detriment of the group's ability to 
evaluate the scientific literature in an unbiased 
way. This action can only be construed as 
being aimed at ensuring that industry 
involvement in determining the WHO 
Environmental Health Criteria will bias 
ICNIRP's risk assessment for power frequency 
exposure limits for years to come. This will 
conveniently provide economic protection for 
thc industry against the need to spend 
enormous sums of money on upgrading 
distribution systems as well as risks of 
litigation. Such a blatant disregard for the 
fundamental principles of credible science, as 
well as WHO's mission on protecting world 
health, speaks of a desperation to bury 
independent science at all costs, even tf that 
cost is the integrity of WHO. 

The Author is not affiliated with any company 
supplying telecommunications services. 
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Q. STATE YOUR NAME AND BUSfNESS ADDRESS. 

A. My name is Richard J. Hoch and my permanent residence and business address is 1099 

University Drive, Dunbar, Pennsylvania 15431. 

EMPLOYMENT 

Q. WHO ARE YOU EMPLOYED BY? 

A. I am an Assistant Professor of Geography and Regional Planning at Indiana University of 

Pennsylvania. A copy of my curriculum vitae is attached as Exhibit RJH-1. 

EDUCATION AND EXPERIENCE 

Q. DESCRIBE YOUR EDUCATIONAL EXPERIENCE. 

A. In 2005, I earned a Ph.D. in Geography, specializing in Planning and Regional 

Development from West Virginia University. In 1999, I earned a Master degree in 

Geography specializing in Geographic Information Systems [GIS] and Remote Sensing 

[RS]) from West Virginia University. 

Q. DESCRIBE YOUR PROFESSIONAL EXPERIENCE. 

A. I have spent more than 10 years studying the application of Geospatial data and methods 

(i.e., GIS and RS) to the planning process. I have been employed as a land-use planner. 

GIS Specialist, Geospatial Coordinator, Geospatial Manager, and Remote Sensing 

Program Manager, where I have worked on several projects throughout Southwestern 

Pennsylvania, West Virginia, and the Mid-Atlantic Highlands. 

I am a member of the Pennsylvania Planning Association (PPA), a member of 

PPA's parent association, the American Planning Association (APA), and a member of 

APA's professional and accredited arm, the American Institute of Certified Planners 

(AICP - AICP # 020887). I am also a member of the Association of State Flood Plane 

Manages 1 have earned the accreditation of a Certified Flood Plane Manager (CFM -

CFM #761054). 

PURPOSE OF TESTIMONY 

Q. DESCRIBE THE PURPOSE OF YOUR TESTIMONY. 
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A. As a member of the American Institute of Certified Planners, 1 am required to serve the 

Public Interest, and as a Professor of Geography and Planning, 1 strive to encourage 

proper planning techniques, especially when applying Geographic Information Systems to 

the planning process. Therefore, I have been asked by the Energy Conservation Council 

of Pennsylvania to comment on the documentation pertaining to potential environmental 

impacts that has been prepared and presented by Trans-Allegheny Interstate Line 

Company ("TrAILCo") in presenting the Route Evaluation Report and Environmental 

Report for the TrAIL 500 kV Project Pennsylvania Portion (TrAILCo Exhibit JH-1) 

(referred to here as the "Report"). 

My testimony focuses on two components: 1.) the use of Geographic Information 

Systems (GIS) in preparing the site analysis, and 2.) my conclusions regarding the lack of 

actual impact analysis and documentation of the following: construction impacts, 

maintenance impacts, cumulative impacts, and secondary impacts. 

Regarding the use of GIS in the Report, first, I comment on the general limitations 

of using GIS and its associated data sets as the primary method for environmental 

assessment and calculation. Second, I discuss the inappropriate use of particular data sets 

for the analysis performed, and point out where the appropriate documentation of the 

limitations of each data set was not noted in the report. Third, I identify environmental 

and topical components that, in my opinion, are non-existent, or 'missing' from this 

report. 

Ultimately, it is my opinion that the PUC should require TrAILCo to, at 

minimum, mirror the compliance regulations as outlined in the National Environmental 

Policy Act's (NEPA) Environmental Impact Statement (EIS), regardless as to whether an 

official EIS is required under NEPA regulations or not. The EIS model, as enacted by 

NEPA in 1969 by the U.S. Congress, has served this country and the Public Interest for 38 

years. Thc Public Interest should not be replaced by the National Interest; but that the 

National Interest should be identified as the Public Interest. 

GIS 
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Q. WHAT IS GIS? 

A. GIS is a system of software, hardware, datasets, and users that organizes stores, 

manipulates, analyzes, and displays particular types of environmental information. GIS is 

merely a tool to assist in the decision-making process. It is a generally accepted maxim 

in Geographic Information Science that GIS should never be the sole modeling approach 

or tool. 

Q. WHY SHOULD GIS NEVER BE THE SOLE TOOL? 

A. The leading reason why GIS should never be the sole tool relates to is the variation that 

exists among different data sets and GIS's potentiai for making precise calculations with 

datasets that are not intended to produce precise information. Metadata documents 

(defined as information about the information being used) accompany all publicly 

available datasets, and when these datasets are used in public documenls or for analysis, 

said accompanying metadata should always be included with documents in order for the 

reader to understand the origin of the data, the purpose of the data, and the limitation of 

the data. 

Q. WHY IS GIS A LIMITED A LIMITED TOOL FOR THIS REPORT? 

A. The majority of the analysis performed in the Report used publicly available GIS and 

spatial data sets that are publicly available. Indeed, the Report states: 

Extensive use was made in the study of information from existing 

Geographic Information System ("GIS'!) data. This information 

was obtained from many sources, including Federal, State, and 

county governments. Much of this information was obtained 

through official agency GIS data access websites, some was 

provided directly Line Route Evaluation and Environmental 

Report TrAIL Project by government agencies, and some was 

created by the Routing Team by either digitizing information 

from paper-based maps or through aerial photo interpretation. 

Page 17 - Section 2.6 Environmental Data Collection 
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This report does not include any metadata about the GIS datasets used for analysis. 

Q. DOES TRAILCO IN THE REPORT ACKNOWLEDGE THE LIMITATIONS OF GIS 

j DATA? 

4 A. The Routing Team does allude to the limitations of GIS data for comprehensive analysis, 

5 The use of GIS data allows for the consideration and efficient use 

6 of a wide variety of information that would otherwise be 

7 unavailable or impractical to consider for a planning effort of 

8 this scope and schedule. GIS information is a highly effective tool 

9 when utilized for broad level planning studies, identifying and 

10 characterizing landscape level constraints and features, and 

11 developing environmental inventory information useful for 

12 comparisons between planning alternatives. 

13 Page 18 - Section 2.6 Environmental Data Collection. 

14 The Routing Team goes further, stating thc following; 

15 However. GIS data sources vary widely with respect to their accuracy 

16 and precision, and presentation, analysis, and calculations derived from 

37 these data sources requires careful consideration when used for planning 

18 purposes. For this reason, GIS based calculations and maps presented 

19 throughout this study should be considered to be reasonable 

20 approximations ofthe resource or geographic feature they represent, and 

21 not absolute measures or counts. They are presented in this study to allow 

22 for general comparisons between alternatives with the assumption that 

23 any inherent error or inaccuracies would be generally equal across all 

24 alternatives. (Emphasis added) 

25 Id. 

26 The Routing Team did take thc proper measures in explaining the problematic use of GIS 

27 for detailed environmental reporting in Section 2.6 and in Table 2.2. 

28 
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DATA USED IN THE REPORT 

ECC Statement No. 3 
Witness: Richard J. Hoch 

Q. DOES THE REPORT ADEQUATELY DISCUSS OR DISCLOSE THE LIMITATIONS 

IN THE DATASETS USED? 

A. The Report does not fully disclose the known limitations of the datasets, the intended 

purpose of the datasets, or the inherent amount of known error in the datasets. This 

information is detailed explicitly in metadata. 

Q. PLEASE EXPLAIN. 

A. The report fails to reference the metadata directly nor does it provide the metadata 

documents. My testimony will review the intended purpose and staled use as documented 

in the metadata of three datasets that were used for the calculations in the report. They 

are: 

• The National Hydrography Dataset (NHD) 

• The National Wetlands Inventory (NWI) 

• The National Land Cover Dataset (NLCD) 

These datasets were identified in Table 2.2 of the report as the datasets used in the 

environmental analysis. 

Q. WHAT IS THE NATIONAL HYDROGRAPHY DATASET? 

A. Thc National Hydrography Dataset (NHD) is produced and published by the U.S. 

Geological Survey in cooperation with U.S. Environmental Protection Agency. The NHD 

is produced at a 1:100,000 scale. 

Q. EXPLAIN THE LIMITATIONS OF THE NATIONAL HYDROGRAHPY DATABASE? 

A. This is a very coarse, nationwide scale that will not produce precise information that is 

necessary and is reported for this type of report. The primary data set used in producing 

the NHD was USGS topographic maps, which are produced at a 1:24,000 scale, therefore 

the original data was 're-scaled1 from 1:24,000 to 1:100,000. A 1:24,000 scale map 

means that 1 inch on the map represents exactly 2,000 feet. A 100,000 scale map means 

that 1 inch on the map (or in the dataset) equals 1.6 miles. 
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The Completeness Report from the NHD Metadata (Exhibit RJH-

ECC Statement No. 3 
Witness: Richard J. Hoch 

Q. 

A. 

2) states: 

The completeness of the data reflects the content of the sources, 

which, in the initial release ofthe National Hydrography Dataset, 

most often are U.S. Geological Survey topographic maps. 

Features found on the ground may have been eliminated or 

generalized on the source graphic because of scale and legibility 

constraints. Jn general, streams longer than one mile 

(approximately 1.6 kilometers) were collected. Most streams that 

flow from a lake were collected regardless of their length. Only 

definite channels were collected so not all swamp/marsh features 

have stream/rivers delineated through them. Lake/ponds having 

an area greater than 6 acres (approximately 2.4 hectares) were 

collected. Note, however, that these general rules were applied 

unevenly among maps during compilation. (Emphasis added). 

Therefore, the documented limitations of this dataset are that it may or may nol contain 

streams thai are less ihan one mile in length and that is does not contain any lakes or 

ponds that are less than six acres in size. The NHD is not an appropriate data set to make 

precise calculations for a project of this scale. 

WHAT IS THE NATIONAL WETLANDS INVENTORY? 

The National Wetlands Inventory (NWI) was used extensively in the report to identify the 

following categories of Natural Resources as identified in Table 2.2: 

• Freshwater Pond 

• Freshwater Emergent Wetlands 

• Freshwater Forested 

• Freshwater Forested/Shrub Wetland 

• Lake 
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Tlie NWI is produced and published by the U.S. Fish and Wildlife Service. The original 

source data for the production ofthe NWI come from a variety of aerial photos produced 

by various federal agencies that span four decades. The NWI dataset for the TrAILCo 

corridor in southwestern PA is derived from the National Aerial Photography Program 

that was acquired in the 1970s (see Diagram 1 in Appendices for NWI data vintages in 

USFWS Region 5). 

Q. EXPLAIN THE LIMITATIONS OF THE NATIONAL WETLANDS INVENTORY? 

A. The scale and accuracy ofthe NWI is extremely volatile. The Abstract from the NWI 

metadata (Exhibit RJH-3) states: 

The NWI maps do not show all wetlands since the maps are derived 

from aerial photo interpretation with varying limitations due to 

scale, photo quality, inventory techniques, and other factors. 

Consequently, the maps tend to show wetlands that are readily 

photo interpreted given consideration of photo and map scale. In 

general, the older NWJ maps prepared from 1970s-era black and 

white photography (1:80,000 scale) tend to be very conservative, 

with many forested and drier-end emergent wetlands (e.g., wet 

meadows) not mapped. Maps derived from color infrared 

photography tend to yield more accurate results except when this 

photography was captured during a dry year, making wetland 

identification equally difficult. Proper use of NWI maps therefore 

requires knowledge of the inherent limitations of this mapping. It is 

suggested that users also consult other information to aid in wetland 

detection, such as U.S. Department of Agriculture soil survey 

reports and other wetland maps that may have been produced by 

state and local governments, and not rely solely on NWI maps. 

(Emphasis added) 

The Purpose section of the NWI Metadata further explains; 
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The purpose of this survey was not to map all wetlands and 

deepwater habitats of the United States, but rather to use aerial 

photo interpretation techniques to produce thematic maps that 

show, in most cases, the larger ones and types that can be identified 

by such techniques. The objective was to provide better geospatial 

information on wetlands than found on the U.S. Geological Survey 

topographic maps. It was not the intent ofthe NWI to produce maps 

that show exact wetland boundaries comparable to boundaries 

derived from ground surveys. Boundaries are therefore generalized 

in most cases. (Emphasis added) 

The Completeness Report ofthe NWI Metadata explains the size of wetlands that are and 

are not identified; 

NWI maps do not show all wetlands, but attempt to show most 

photo interpretable wetlands given considerations of map/photo 

scale and wetland delineation practices. A target mapping unit 

(tmu) is an estimate of the size class of the smallest group of 

wetlands that NWI attempts to map consistently; it is not the 

smallest wetland mapped. Recognize that some wetland types are 

conspicuous and readily mapped (e.g., marshes and ponds) and 

smaller ones may be mapped. Drier wetlands and forested wetlands 

(especially evergreen) are more difficult to photo interpret and 

larger ones may be missed. The tmu also varies with photo scale; in 

forested regions, the tmu may be 3-5 acres (1:80K photos), 1-3 

acres (1:58K), or 1 acre (1:40K). NWI maps should show most 

wetlands larger than the tmu. In the treeless prairies, a 1/4 acre tmu 

is possible due to the openness of terrain and occurrence of 

wetlands in distinct depressions. Take notice of the photo scale/type 

used to make the maps (see legend) and realize that black and white 
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photos tend to yield more conservative interpretations than color 

2 infrared film. Most farmed wetlands (e.g., mucklands) are usually 

3 not mapped, except for pothole-type wetlands, cranberry bogs, and 

4 diked former tidelands (Sacramento Valley). Partly drained 

5 wetlands are conservatively mapped due to photo interpretation 

6 limitations. No attempt was made to identify regulated wetlands 

7 from other wetlands. Recognize that maps produced through photo 

8 interpretation are nol as accurate as one prepared from on-the-

9 ground surveys, so NWI boundaries are generalized. (Emphasis 

10 added). 

11 Since the project area uses 1970 era photography (1:80,000 scale) as its source data, the 

12 Completeness Report slates that the NWI identification of wetlands in forested areas 

13 within the project area is most likely limited to identifying forested wetlands 3-5 acres or 

14 greater. The identification of smaller wetlands is not likely with the NWI dataset. 

15 Q. WHAT IS THE NATIONAL LAND COVER DATASET? 

16 A. The National Land Cover Dataset (NLCD) is published cooperatively between the U.S. 

17 Geologic Survey (USGS) and the U.S. Environmental Protection Agency (USEPA). The 

18 NLCD is produced from LANDSAT Thematic Mapper (TM) satellite imagery. 

19 Q. WHAT ARE THE'LIMITATIONS OF THE NATIONAL LAND COVER DATASET? 

20 A. The spatial resolution of this imagery is 30 meters. This means that the size of the 

21 smallest unit of measurement is 30 meters by 30 meters square. 

22 Due to the coarseness of this data, the metadata (Exhibit RJH-4) clearly states: 

23 Important Caution Advisory 

24 With this in mind, users are cautioned to carefully scrutinize the data to see i f thev are of 

25 sufficient reliability before attempting to use the dataset for larger-scale or local analyses. 

26 (Emphasis added) 

27 A spatial resolution of 30m means that all land cover within the bounds of a 30 

28 meter by 30 meter square is generalized and interpolated to an average land cover within 
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that boundary. Therefore, no land covers that are smaller than 30m can be precisely 

identified without some margin of error. Field surveys should always be conducted and 

documented within a report when verifying land cover identified using the NLCD. 

Also, the vintage of this data is from the early 1990s. This dataset is not temporally 

accurate or appropriate for conducting detailed analysis. Up to date and detailed land 

cover data is available from the Southwestern Pennsylvania Commission, but it appears 

that the SPC was not solicited for its extensive spatial data coverage ofthe project area. 

ENVIRONMENTAL COMPONENTS MISSING FROM THE REPORT 

Q. ARE THERE OTHER DEFICIENCIES WITH THE ENVIRONMENTAL 

COMPONENTS OF THE REPORT? 

A. Yes. Most importantly is the reports lack of true impact analysis. This summary 

inventory provided in this report merely provides a list of environmental phenomenon. 

Nowhere in the report is there an explanation of this project's: 

• Construction Impacts 

• Maintenance Impacts 

• Cumulative Impacts or 

• Secondary Impacts. 

Each of these four impacts pertaining to every environmental topic must be identified, 

studied, and considered before this process moves further. 

Q. PLEASE PROVIDE SPECIFIC EXAMPLES OF ENVIRONMENTAL 

CONSIDERATIONS THAT ARE MISSING FROM THE REPORT? 

A. An extensive analysis of the road network associated with the construction of this power 

line should be documented, as it is likely that many more miles of access road will be 

needed than the actual mileage of power line. Analysis of new roads should be performed 

for the general environmental and siting study, and the construction, maintenance, 

cumulative and secondary impacts as well. 

Second, Groundwater is not mentioned in the report. The potential impacts to 

groundwater are significant in all phases, including construction, maintenance, cumulative 
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and secondary impacts."- GIS data pertaining to point locations of registered wells and 

springs is freely available from the Pennsylvania Topographic and Geologic Survey. This 

data is updated periodically and is avaiiabie via the internet at the following URL address: 

http://ww,w.dcnr.state.pa.us/tonogeo/groundwater/PaGWIS/PaGWISDownload.asp?Page 

~&UserTvpe= 

Third, Agricultural Security Areas (ASA) are not mentioned in the Report. ASAs 

are available for both Washington and Greene Counties from the Southwestern 

Pennsylvania Commission (See Exhibit RJH-5). 

Fourth, the extent of underground mining is not addressed in the Report. GIS data 

delineating the existing and permitted extent of Icnown deep mining in both Washington 

and Greene Counties is available upon request from the PA Department of Protection 

(PADEP). 

Fifth, potential impacts to recreation trails are not sufficiently analyzed. Table 2.2 

of the report indicates that a dataset produced for West Virginia was used to identify 

recreation trails in the study area, and that no other data sources were identified for trails 

in the study area. The SPC maintains a GIS dataset of the Bicycle/Pedestrian Network for 

the entire Southwest Pennsylvania region, including Washington and Greene Counties 

(See Exhibit RJH-5). 

Finally, a complete and thorough socio-economic profile of the communities 

affected by the project is warranted. Information of each affected community should 

include, at minimum; 

• Income data 

• Poverty data 

• Educational Attainment data 

Such a profile ensures that social justice and environmental justice concerns are 

adequately addressed in the analysis. 

Q. IN LIGHT OF YOUR TESTIMONY, WHAT ARE YOUR CONCLUSIONS? 
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A. My. testimony has outlined why further environmental documentation is needed before 

any further action should be granted or permitted to the TrAILCo project. I have 

highlighted why GIS alone is nol an appropriate tool for determining precise 

environmental impacts, but should be used as a precursor to more extensive and detailed 

on-the-ground field work surveys. I have a shown where particular datasets were used in 

an inappropriate matter for the desired and reported results and I have highlighted the 

absence of publicly available data sels in the analysis ofthe report. Finally, I have listed a 

non-extensive list of additional topics that warrant serious consideration and that were not 

mentioned in this report. Due to the inadequate and incomplete nature of the 

environmental impacts of this report's design, the Commission should require TrAILCo to 

perform a NEPA EIS, or a NEPA-style EIS report, in order to properly serve ihe Public 

Interest and in the interest of proper environmental stewardship. I thank you for your time 

and your serious contemplation in this matter. 

Q. DOES THIS CONCLUDE YOUR DIRECT TESTIMONY? 

A. Yes. However, I reserve the right to file such additional testimony as may be necessary or 

appropriate. 



E C C Exhibit RJH-1 

Curriculum Vitae 

Richard J . Hoch, Ph.D., AICP 

1099 University Drive 
Dunbar, PA 15431 
(724) 787 - 0486 
rhoch@iup.edu 

Education 

8/99 - 12/05 Ph.D. Geography (Planning and Regional Development), West Virginia University (WVU). 

8/97 - 6/99 M.A. Geography (Geographic Information Systems & Remote Sensing), WVU. 

8/91 - 12/92 B.A. History (Environmental & Industrial), University of Pittsburgh. 

8/88 - 5/91 Penn State University. 

Professional Appointments ami Employment 

08/07 - present Assistant Professor, Department of Geography and Regional Planning, Indiana University 
of Pennsylvania (1UP) 

12/05 - present Adjunct Assistant Professor, Department of Geology and Geography, WVU. 

10/05 - 5/06 LiDAR - Remote Sensing Program Manager / Research Associate, Canaan Valley Institute. 

3/05 - 10/05 Geospatial Manager, Canaan Valley Institute. 

7/04 - 3/05 Geospatial Coordinator, Canaan Valley Institute. 

12/03 - 6/04 Strategic Planner / GIS Analyst, Schwan's Food Company. 

5/99 - 8/03 Land-use Planner / GIS Specialist, Skelly & Loy, Engineers and Consultants. 

8/00 - 12/01 Graduate Instructor, Department of Geology and Geography, WVU. 

8/98 - 4/00 Graduate Teaching Assistant, Department of Geology and Geography, WVU. 

Certifications 

- American Institute of Certified Planners (AICP - 9020887). 

- Certified Floodplain Manager (CFM - #761054), Association of State Floodplain Managers. 



Teaching Profile 

Courses Taught: Teaching Assistant: 

Introduction to Planning 
Geography ofthe Non-Western World 
Climate and Environment 
Urban Geography 
World Regional Geography 
Remote Sensing of the Environment (lab) 
Geography of Latin America (Spring 2008) 
Introduction to GIS (Spring 2008) 

Introduction to Human Geography 
Rural and Regional Development 
Urban and Regional Planning 
Introduction to Remote Sensing 
Economic Geography 
Climate and Environment 
Geography of Europe 

Research Specialties 

Applied GISc in the Planning Process 
Uneven Regional Development 
Urban Political Ecology 
Nature and the State 

Publications 

Hoch, R. J. and Hanham, R. Q. A Geospatial Analysis of Municipal Land-use Policy and Land-use Change in 
Metropolitan Pittsburgh. Submitted to Applied Geography. 

Hoch R. J. Nature and the Local State: The Uneven Development of Ohiopvle State Park. In preparation to 
be submitted to Urban Geography. 

External Funding Awards 

Center for Rural Pennsylvania, Analyzing the fiscal and spatial efficacy ofsmall-business grant programs in 
rural Pennsylvania. Grant award - 550,000 (pending approval). Collaborative project with Dr. Terry 
Halfhill, Eberly Distinguished Fellow of Business, Penn State University. 

Commonwealth of Pennsylvania Growing Greener Program Grants: 

2002 4 projects, total grant awards: $ 150,000 
2001 2 projects, total grant awards: $87,000 
2000 2 projects, total grant awards: $86,000 



Conference Presentations 

Hoch. R. J. 2006. An Analysis of Fragmented Land-use Policy and Land-use Change: The Case Study of 
Metropolitan Pittsburgh. Session rilled: 'Planning and Urban Sprawl: Local and Regional Variations in the 
US sponsored by Regional Development and Planning group. Annual meeting ofthe Association of 
American Geographers, Chicago. IL. 

Hoch, R. J. 2005. LiDAR Acquisition and Application. ASPRS sponsored session. Thc Pennsylvania 
Geographical Society, Greensburg, PA. 

Hoch, R. J. 2005. Panelist in session titled: 'Making Your Own Way: Grant Proposal Writing for Graduate 
School and Beyond', sponsored by the Jobs in Geography Committee. Annual meeting ofthe Association of 
American Geographers, Denver, Colorado. 

Hoch, R. J. 2004. Assessing the Relationship benveen Local Land-use Policy and Land-use Change in 
Metropolitan Pittsburgh. Annual meeting ofthe Association of American Geographers, Philadelphia, PA. 

Hoch, R. J. 2000. Uneven Development of Nature: An Historical Geography of Ohiopyle State Park. Annual 
meeting of the Association of American Geographers, Pittsburgh, PA. 

Hoch, R. J. 2000. Panelist in session titled: 'Developing Geographies, Graduate Research on Regional 
Development and Planning', sponsored by Regional Development and Planning Specialty Group. Annual 
meeting of the Association of American Geographers, Pittsburgh, PA. 

Hoch, R.J. 1999. Producing a Nature Landscape: A Case Study of Ohiopyle State Park. Annual meeting of 
the Middle States Division of the American Association of Geographers, West Chester, PA. 

Invited Presentations 

2ml Annual Appalachian Remote Sensing Conference, 2005. Developed and coordinated presentation titled, 
LiDAR Operations, Processing and Applications. 

West Virginia Department of Environmental Protection, 2003. Presentation titled, Stormwater Management 
and Asset Assessment Utilizing Geographic Information Systems: Preparing for the EPA MS4, Phase ll 
Requirement. 

Connellsville Area High School -Teacher in-service day, 2003. New Methods in Teaching Ecology in the 
Classroom: A GIS Approach. 

Awards 

Endowed Doctoral Teaching Fellowship. Eberly College of Arts and Sciences, 2001. 

Endowed Doctoral Teaching Fellowship. Eberly College of Arts and Sciences, 2000. 

Outstanding Graduate Teaching Assistant. Department of Geography, Eberly College of Arts and Sciences, 
2000. 

Outstanding Graduate Teaching Assistant. Department of Geography, Eberly College of Arts and Sciences, 
1999. 
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Related Training 

REALM Survey Suite and ALTM Digital Aerial Camera. Remote Sensing (LiDAR) Data Processing Traininj 
Program. Optcch Incorporated. March 2005. 

Natural Stream Channel Design / Applied Fluvial Ceomorphology (Rosgen I), Wildland Hydrology 
Consultants. June 2005. 

Presenting Data and Information* Edward Tufte. September 2004. 

International Watershed Remote Sensing Workshop sponsored by the European Union 
and the US Department of Education; held in Xanthi, Greece. May 2001. 

Graduate Committees Served 

Thomas A. Page, M.S. (graduated). West Virginia University, Department of Forestry and Natural Resources 
(Fisheries). 2004 - 2006. 

Michael Mandeville, M.A. West Virginia University, Department of Geology and Geography (Geography). 
2006 - present. 

Jacob Drvar. M.A. West Virginia University, Department of Geology and Geography (Geography). 2007 -
present. 

Denyese Wyskup. Ph.D. West Virginia University, Department of Geology and Geography (Geography). 
2007 - present. 

Other Service 

Steering Comminee / Plan Reviewer. Mountain Area Multi-Municipal Comprehensive Plan for the 
communities of Stewart Township (grantee), Wharton Township, Henry Clay Township, Springfield 
Township, Saltlick Township, Ohiopyle Borough, MarkeJysburg Borough. Fayette County, PA. Contracted 
by Mackin Engineering to analyze tourism economic impact. Pittsburgh, PA (ongoing). 

Project Oversight Review, Greene County, PA Community GeoPortal. Contracted by Greene County Office 
of Economic Development (upcoming). 

Technical Assistance Volunteer. Youghiogheny Riverkeeper (ongoing). 

Board of Directors (Secretary). Mountain Watershed Association (2003 - 2004). 
Contact: Beverly Braverman. 

Graduate Representative. Search Committee for Geography Program GfS and Natural Resources faculty 
position (spring, 2002). 

Volunteer. The Institute for the History of Technology & Industrial Archaeology. Serve on an as-needed 
volunteer basis for GIS and RS project needs (2000- 2001). Contact: Dan Bonenberger. 

Graduate Representative. Geography Graduate Program Committee, WVU (8/98 - 5/02). 
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Graduate Represenlalive. Graduate Student Council, WVU (8/98 - 5/00). 

Co-Omanizer of field trip (w/ Lizabeth Pyle) for national meeting of American Association of Geographers. 
Pittsburgh, April 5, 2000. Field trip title; Recreational Retreats and Rural Landscapes in ihe Laurel 
Highlands. 

Volunteer, Ohiopyle State Park (1996 - J 998) Contact: Barbara Drbal Wallace. 

Technical Documents 

• Morgan County, IVV Comprehensive Plan - Groundwater Risk-analysis. Analysis of groundwater 
resources vulnerability for County Comprehensive Plan (ongoing). 

• Tucker County, WV Comprehensive Plan - Prepared 'alternative fuUires' scenarios for County 
Comprehensive Planning effort that provided economic impacts of various land-use development patterns 
based on existing conditions and proposed policy alternatives (ongoing). 

• Gilmer County, WV Enhanced Digital Flood Insurance Rate Mapping (E-DFIRM). Project Manager of 
delineation of floodplain mapping based on public input, fluvial geomorphology, hydrology and advanced 
laser terrain topographic data provided by LiDAR technology (ongoing). 

• Raccoon Creek Watershed Abandoned Mine Drainage (AMD) Survey and Preliminary Restoration Plan, 
EPA Section 104(b)(3) Document. Primary Investigator. Prepared for Raccoon Creek Watershed 
Association, Washington, PA. 

• Indian Creek Watershed River Conservation Plan (RCP). Primary Investigator. In compliance with the 
Pennsylvania DCNR Watershed Management Registry, Prepared for the Mountain Watershed Assoc., 
Melcron, PA. 

• Upper Chanters Creek River Conservation Plan (RCP). Primary Investigator. In compliance with the 
Pennsylvania DCNR Watershed Management Registry. Prepared for Chartiers Creek Nature 
Conservancy, Washington, PA. 

• Cross Creek Watershed Assessment, Protection and Restoration Plan. Project Manager and Primary 
Investigator. Prepared for the Cross Creek Watershed Association, Avella, PA. 

• Garrett County, MD Landfill Mapping Project. Project Manager and Primary Investigator. Prepared for 
Garrett County Solid Waste Authority. 

• Indian Creek Watershed Acid Mine Drainage and Abandoned Mine Land Mapping. Project Manager and 
Primary Investigator. Prepared for the Mountain Watershed Assoc., Melcroft, PA. 

• Carbon Fuel Survey. Primary Investigator. Study involved spatial analysis of abandoned coal refuse as a 
fuel resource for proposed power plant. Client confidential. 

• Mill Run Creek, PA Fluvial Geomorphology Survey and Assessment. Surveyed stream health using 
Rosgen protocol and USDA Visual Assessment guidelines. Prepared for the Mountain Watershed Assoc., 
Melcroft, PA. 

• Upper Indian Creek Fluvial Geomorphology Assessment. Surveyed stream health using Rosgen protocol 
and USDA Visual Assessment guidelines. Prepared for the Mountain Watershed Assoc., Melcroft, PA. 
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MTBE {methyl wrtiarv-buiyl ether) Study of Northern West Virginia. Prepared for ihe WV Dept. of 
Public Health. 

Hinton. WV Area Fluvial Geomorphology Study for Highway Upgrades. Prepared for WVDOH. 

Environmental Assessment, United States Department of Energy, Pittsburgh PA and Morgantown WV. 
Primary Invesiieator. Prepared for USDOE NETL. 

Donohoe Creek Watershed Assessment, Hempfield Twp., Westmoreland County. Prepared for Ihe 
Westmoreland County Conservation District. 

Professional Organizations 

American Institute of Certified Planners 
American Planning Association / Pennsylvania Planning Association 
Association of American Geographers 
Association of State Floodplain Managers 
Pennsylvania Geographical Society 
Pennsylvania Mapping and Geographic Information Consortium (PAMAGIC) 
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NHD Metadata 
Originator: 

'• U.S. Geological Survey in cooperation with U.S. Environmental Proceccion Agency 
; T i t l e : 
] National Hydrography Dataset 

Publication Place: 
t Reston, Virginia 
; Publication Date: 
i 1999 
i Publisher: 
i U.S. Geological Survey 
:' Abstract: 
? The National Hydrography Dataset (NHD) i s a feature-based database that 
I interconnects and uniquely i d e n t i f i e s the stream segments or reaches that 

comprise the nations surface water drainage system. I t i s based i n i t i a l l y on 
£ the content of the U.S. Geological Survey 1:100,000-scale D i g i t a l Line Graph 
; (DLG) hydrography data, integrated with reach-related information from the U.S. 
{ Environmental Protection Agency Reach F i l e Version 3.0 (RF3). More 

spec i f i c a l l y , i t contains reach codes fo r networked features and isolated 
lakes, flow d i r e c t i o n , names, stream l e v e l , and centerline representations for 
areal water bodies. Reaches are also defined to represent waterbodies and the 
approximate shorelines of the Great Lakes, the A t l a n t i c and Pacific Oceana, and 
the Gulf of Mexico. The NHD also incorporates the National Spatial Data 
Infrastructure framework c r i t e r i a set out by the Federal Geographic Data 
Committee. 

Purpose: 
The National Hydrography Dataset combines elements of the DLG and RF3: spatial 
accuracy and comprehensiveness from the DLG and network relationships, names, 
stream level, and a unique i d e n t i f i e r (reach code) f o r surface water features 
from RF3. The NHD supersedes DLG and RF3 by incorporating them, not by 
replacing them. Users of DLG and RF3 w i l l f i n d the National Hydrography Dataset 
both familiar and greatly expanded and refined. The NHD provides a national 
framework f o r assigning reach addresses to water-related e n t i t i e s , such as 
industrial dischargers, drinking water supplies, f i s h habitat areas, wi l d and 
scenic rivers. Reach addresses establish the locations of these e n t i t i e s 
relative to one another within the NHD surface water drainage network i n a 
manner similar to street addresses. Once linked to the NHD by t h e i r reach 
addresses, the upstream/downstream relationships of these water-related 
e n t i t i e s and any associated information about them can be analyzed using 
software tools ranging from spreadsheets to geographic information systems 
(GISJ. GIS can also be used to combine NHD-based network analysis with other 
data layers, such as s o i l s , land use and population, to help better understand 
and display t h e i r respective effects upon one another. Furthermore, because the 
NHD provides a nationally consistent framework for addressing and analysis, 
water-related information linked to reach addresses by one organization 
(national, state, local) can be shared with other organizations and easily 
integrated into many d i f f e r e n t types of applications t o the benefit of a l l . The 
National Hydrography Dataset i s designed to provide comprehensive coverage of 
hydrologic data for the U.S. While i n i t i a l l y based on 1:100,000-scale data, the 
NHD is designed co incorporate - and encourage the development of -
higher-resolution data required by many users. I t w i l l f a c i l i t a t e the improved 
integration of water-related data i n support of the application requirements of 
a growing national user community and w i l l enable shared maintenance and 
enhancement. 

Progress: 

Complete 
Maintenance and Update Frequency: 

Irregular 
Theme Keyword Thesaurus: 

U.S. Department of the I n t e r i o r , U.S. Geclocicai Survey, 1997, Standards f o r 
National Hydrography Dataset(http://mapping.usgs.gov/standards/} 

o / n n n m A m DJU 



Theme Keyword: 
Hydrography 

Theme Keyword: 
Stream / River 

Theme Keyword 
Lake / Pond 

Theme Keyword: 
Canal / Ditch 

Theme Keyword: 
Reservoir 

Theme Keyword: 
Spring } Seep 

Theme Keyword: 
Swarap / Marsh 

Theme Keyword: 
A r t i f i c i a l Path 

Theme Keyword: 
Reach 

Access Constraints: 
None 

Use Constraints: 
None. Acknowledgment of the o r i g i n a t i n g agencies would be appreciated i n 
products derived from these data. 

A t t r i b u t e Accuracy Report: 
The accuracy of the a t t r i b u t e s of the D i g i t a l Line Graph data i s estimated to be 
98-5 percent. One or more of the following methods were used to test a t t r i b u t e 
accuracy: - manual comparison of the source with hardcopy p l o t s . - symbolized 
display of the d i g i t a l l i n e graph on an inte r a c t i v e computer graphic system. -
Selected attributes that could not be v i s u a l l y v e r i f i e d on plots or on screen 
were i n t e r a c t i v e l y queried and v e r i f i e d on screen. I n addition, software 
validated feature types and characteristics against a master set of types and 
characteristics, checked that combinations of types and characteristics were 
va l i d , and that types and characteristics were v a l i d f o r the delineation of the 
feature. Feature types, characteristics, and other a t t r i b u t e s conform to the 
Standards for National Hydrography Dataset (USGS, 1999] as of the date they 
were loaded into the database. A l l names on reaches were validated against a 
March 1999 extract from the Geographic flames Information System. The entry and 
i d e n t i f i e r f o r the nameg match those i n the Geographic Names Information 
System. The association of each name to reaches has not been methodically 
checked, and so a name may be applied to the wrong reaches. Anecdotal reviews 
indicate that 80 percent or more of the named reaches have the correct name. 
Reaches were delineated with a batch procedure and were checked extensively 
during the visual pass steps of processing. Based on automated q u a l i t y 
assurance/quality control checks performed at various intervals during the 
processing, approximately 99 percent of the reaches are delineated according to 
standards. 

Logical Consistency Report: 
Points, nodes, lines, and areas conform to topological rules. Lines intersect 
only at nodes, and a l l nodes anchor the ends of lines. Lines do not overshoot 
or undershoot other lines where they are supposed to meet. There are no 
duplicate lines. Lines bound areas and lines i d e n t i f y the areas to the l e f t and 
ri g h t of the lines. Gaps and overlaps among areas do not exist. A l l areas 
close. 

Completeness Report: 
The completeness of the data re f l e c t s the content of the sources, which, i n the 
i n i t i a l release of the National Hydrography Dataset, most often are U.S. 
Geological Survey topographic maps. Features found on the ground may have been 
eliminated or generalized on the source graphic because of scale and l e g i b i l i t y 
constraints. In general, streams longer than one mile tapproximately 1.6 
kilometers) were collected. Most streams that flow from a lake were collected 
regardless of their length. Only d e f i n i t e channels were collected so not a l l 
swamp/marsh features have scream/rivers delineated through them. Lake/ponds 
having an area greater than 6 acres {approximately 2.4 hectares) were 
collected. Note, however, that these general rules were applied unevenly among 
maps during compilation. Some map quadrangles have a much sparser pattern of 
hydrography than do adjoining maps and these differences continue i n the 
d i g i t a l r e n d i t i o n of these features. A p r i o r i t y f o r maintenance of the National 
Hydrography Dataset i e the r e c t i f i c a t i o n of these differences. Transport 
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reaches are d e f i n e d on n e a r l y a l l f e a t u r e s of type s t r e a m / r i v e r , c a n a l / d i t c h , 
a r t i f i c i a l path, p i p e l i n e , and connector. Waterbody reaches are def i n e d on the 

^ subset of lake/pond f e a t u r e s t h a t were i d e n t i f i e d as waterbodies d u r i n g the 
development of Reach F i l e Version 3. Most a t t e n t i o n i n a p p l y i n g geographic 

i names was given t o t r a n s p o r t reaches t h a t f o l l o w s t r e a m / r i v e r s and waterbody 
^ reaches. Near the i n t e r n a t i o n a l boundaries w i t h Canada and Mexico, o n l y the 
= p a r t s of features w i t h i n the United States are d e l i n e a t e d . D e t a i l e d capture 

c o n d i t i o n s are provided f o r every f e a t u r e type i n the Standards f o r N a t i o n a l 
I Hydrography Dataset (USGS, 1999), a v a i l a b l e o n l i n e through 

http://mapping.usgs.gov/standards/. 
H o r i z o n t a l P o s i t i o n a l Accuracy Report: 

.j Statements of h o r i z o n t a l p o s i t i o n a l accuracy are based on accuracy statements 
j made f o r U.S.Geological Survey topographic quadrangle maps. These maps were 

compiled to meet N a t i o n a l Map Accuracy Standards. For h o r i z o n t a l accuracy, t h i s 
f standard i s met i f a t l e a s t 90 percent of p o i n t s t e s t e d are w i t h i n 0.02 i n c h 
;•: (at map scale) of t h e i r t r u e p o s i t i o n . A d d i t i o n a l o f f s e t s t o p o s i t i o n s may have 

been introduced where there are many features t o improve the l e g i b i l i t y of map 
I symbols. In a d d i t i o n , the d i g i t i z i n g of maps i s estimated t o c o n t a i n a 
f h o r i z o n t a l p o s i t i o n a l e r r o r of less than or equal t o 0.003 in c h standard e r r o r 

(at map scale) i n the two component d i r e c t i o n s r e l a t i v e t o the source maps. 
Visual comparison between the map graphic ( i n c l u d i n g d i g i t a l scans o f the 
gr a p h i c ) , and p l o t s o r d i g i t a l d i s p l a y s of p o i n t s , l i n e s , and areas, i s used t o 
assess the p o s i t i o n a l accuracy of d i g i t a l data. Linear f e a t u r e s of the same 
type along the a d j o i n i n g edges of data sets are a l i g n e d i f they are w i t h i n a 
0.02 i n c h t o l e r a n c e ( a t map s c a l e ) . To a l i g n the f e a t u r e s , the midpoint between 
the end of the corresponding f e a t u r e s i s computed, and the ends of fe a t u r e s are 
moved t o t h i s p o i n t . Features outs i d e the tolerance are not moved; in s t e a d , a 
fe a t u r e of type connector was added t o j o i n the f e a t u r e s . 

V e r t i c a l P o s i t i o n a l Accuracy Report: 
Statements of v e r t i c a l p o s i t i o n a l accuracy f o r e l e v a t i o n of water surfaces are 
based on accuracy statements made f o r U.S. Geological Survey topographic 
quadrangle maps. These maps were compiled to meet N a t i o n a l Map Accuracy 
Standards. For v e r t i c a l accuracy, t h i s standard i s met i f a t l e a s t 90 percent 
of w e l l - d e f i n e d p o i n t s t e s t e d are w i t h i n one-half contour i n t e r v a l of the 
corr e c t value. E l e v a t i o n s of water surface p r i n t e d on the published map meet 
t h i s standard; the contour i n t e r v a l s of the maps vary. These e l e v a t i o n s were 
t r a n s c r i b e d i n t o the d i g i t a l data; the accuracy of t h i s t r a n s c r i p t i o n was 
checked by v i s u a l comparison between the data and the map. 

D i r e c t S p a t i a l Reference Method: 
Vector 

L a t i t u d e Resolution: 
0.0000001 

Longitude Resolution: 
0.0000001 

Geographic Coordinate U n i t s : 
Decimal Degrees 

H o r i z o n t a l Datum Name: 
Worth American Datum o f 1983 

E l l i p s o i d Name: 
Geodetic Reference System 80 

Semi-major Axis: 
637B137 .0000000 

Denominator of F l a t t e n i n g R a t i o : 
298.2570000 

A l t i t u d e Datum Name: 
National Geodetic V e r t i c a l Datum of 1929 

A l t i t u d e Resolution (Primary) : 
0.1000000 

A l t i t u d e Distance U n i t s : 
Meters 

A l t i t u d e Encoding Method: 
A t t r i b u t e Values 

. E n t i t y and A t t r i b u t e Overview: 
v... The National Hydrography Dataset i s a comprehensive set of d i g i t a l s p a t i a l data 

that encodes i n f o r m a t i o n about n a t u r a l l y o c c u r r i n g and const r u c t e d bodies o f 
water, paths through which water flows, and r e l a t e d e n t i t i e s . The i n f o r m a t i o n 
encoded about f e a t u r e s includes c l a s s i f i c a t i o n by type, o t h e r c h a r a c t e r i s t i c s , 
a unique common i d e n t i f i e r , the fe a t u r e length or area, and ( r a r e l y ) the 
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elevacion of the surface of water pools and a description of che stage of the 
elevation. For reaches, encoded infonnation includes a reach code, the date the 
reach code was assigned, a unique common i d e n t i f i e r , the reach length or area, 
and, for transport reaches, the stream l e v e l . Geographic names, and their 
i d e n t i f i e r s i n the Geographic Names Information System, are assigned to reaches 
or, i f no reach i s available, to features. The data also contain relations 
among reaches that encode the di r e c t i o n of water flow, metadata, and 
information that supports the exchange of future updates and improvements to 
the data. 

Entity and Attribute Detail C i t a t i o n : 
The names and de f i n i t i o n s of a l l feature types, characteristics, and values are 
in U.S. Geological Survey, 1999, Standards for National Hydrography Dataset: 
Reeton, Virginia, U.S.Geological Survey. The document i s available online 
through http://mapping.usgs.gov/standards/. Information about cables and f i e l d s 
in the data are available from the user documentation f o r the National 
Hydrography Dataset. 

Metadata Date: 
1998 

Metadata Standard Name: 
FGDC Content Standards for D i g i t a l Geospatial Metadata 

Metadata Standard Version: 
19940608 

9/17/2007 4:( 
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National Wetlands Inventory (NWI) Metadata 

NOTE: This metadata document represents the s t a t i c text 
elements of the National Wetlands Inventory (NWI) 
Metadata. Quad-specific metadata f i l e s are available 
through the FGDC Clearinghouse website. 

Metadata: 

I d e n t i f i c a t i o n _ I n f o r m a t i o n : 

C i t a t i o n : 

Citation_lnformation: 

Originator: U.S. Fish & W i l d l i f e Service, 
National Wetlands inventory 

Pui)lication_Date: Ranges from Oct. 1981 to present; 
information f o r t h i s element varies f o r each 7.5' quad. 
See the quad-specific metadata f i l e . 

T i t l e : National Wetlands Inventory -- Information f o r 
t h i s element varies f o r each 7.5' quad. See the quad-specific 
metadata f i l e . 

Publication_Information: 

Publication_Place: St.Petersburg, Florida 

Publisher: U.S. Fish & W i l d l i f e Service, 
National Wetlands Inventory 

On1ine_Linkage: 
f t p : l i ttp.nwi-fws.gov/arcdata/ 
ftp: [ I ttp.nwi.fws.gov/shapedata/ 

Description: 

Abstract: 
NWI d i g i t a l data f i l e s are records of wetlands location and 
c l a s s i f i c a t i o n as developed by the U.S. Fish & W i l d l i f e Service. 
The c l a s s i f i c a t i o n system was adopted as a national 
c l a s s i f i c a t i o n standard i n 1996 by the Federal Geographic Data 
Committee. This dataset i s one of a series available i n 7.5 
minute by 7.5 minute blocks containing ground planimetric 
coordinates of wetlands point, l i n e , and polygon features and 
wetlands a t t r i b u t e s . When completed, the series w i l l provide 
coverage f o r a l l of the contiguous United States, Hawaii, 
Alaska, and U.S. protectorates i n the Pacific and Caribbean. 
Coverage includes both d i g i t a l data and hardcopy maps. The NWI 
maps do not show a l l wetlands since the maps are derived from 
ae r i a l photointerpretation with varying l i m i t a t i o n s due to 
scale, photo q u a l i t y , inventory techniques, and other fac t o r s . 
Consequently, the maps tend to show wetlands that are r e a d i l y 
photointerpreted given consideration of photo and map scale. In 
general, the older NWI maps prepared from 1970s-era black and 
white photography (1:80,000 scale) tend to be very conservative, 
with many forested and drier-end emergent wetlands (e.g., wet 
meadows) not mapped. Maps derived from color i n f r a r e d 
photography tend to y i e l d more accurate results except when t h i s 
photography was captured during a dry year, making wetland 
i d e n t i f i c a t i o n equally d i f f i c u l t . Proper use of NWI maps 
therefore requires knowledge of the inherent l i m i t a t i o n s cf t h i s 
mapping. I t is suggested that users also consult other 
information to aid i n wetland detection, such as U.S. Department 
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of Agriculture s o i l survey reports and other wetland maps that 
may have been produced by state and local governments, and not 
rely solely on NWI maps. See section on "Cornpleteness Report H 

for more information. Also see an a r t i c l e i n the National 
Wetlands Newsletter (March-April 1997; Vol. 19/2, pp. 5-12) 
entitled "NWI Maps: What They T e l l Us" (a free copy of t h i s 
a r t i c l e can be ordered from U.S. Fish and W i l d l i f e Service, 
ES-NWI, 300 Westgate Center Drive, Hadley, MA 01035, telephone, 
413-253-6620) . 

Purpose: 
The data provide consultants, planners, and resource managers 
with information on wetland location and type. The data were 
collected to meet U.S. Fish & W i l d l i f e Service's mandate to map 
the wetland and deepwater habitats of the united States. The 
purpose of t h i s survey was not to map a l l wetlands and deepwater 
habitats of the United States, but rather to use a e r i a l 
photointerpretation techniques to produce thematic maps that 
show, in most cases, the larger ones and types that can be 
id e n t i f i e d by such techniques. The objective was to provide 
better geospatial information on wetlands than found on the 
U.S. Geological Survey topographic maps. I t was not the i n t e n t 
of the NWI to produce maps that show exact wetland boundaries 
comparable to boundaries derived from ground surveys. Boundaries 
are therefore generalized i n most cases. Consequently, the 
quality of the wetland data i s variable mainly due to source 
photography, ease or d i f f i c u l t y of i n t e r p r e t i n g s p e c i f i c wetland 
types, and survey methods (e.g., level of f i e l d e f f o r t and 
state-of-the-art of wetland delineation). See section on 
"Completeness_Report" f o r more information. 

Time_Period__of_Content 

Time_Period_Inf ormation: 

Multiple__Dates_Times: 

Calendar_Date: Ranges from Feb. 1971 to Nov. 1997. 
Information f o r t h i s element varies f o r each 7.5' quad. See 
the quad-specific metadata f i l e . 

Currentness_ReferenceSource photography date 

Status: 

Progress: Complete 

Maintenance__and_Update_Frequency: i r r e g u l a r 

Spatial_Domain: 

Bounding_Coordinates: 

West_Bounding_Coordinate.- Information f o r t h i s element varies 
for each 7.5* quad. See the quad-specific metadata f i l e . 

East_Bounding_Coordinate; Information for t h i s element varies 
for each 7.5' quad. See the quad-specific metadata f i l e . 

North_Bounding_Coordinate; Information f o r t h i s element varies 
for each 7.5' quad. See the quad-specific metadata f i l e . 

South_aou nding_Coordinate; Information f o r t h i s element varies 
for each 7.51 quad. See the quad-specific metadata f i l e . 

Keywords: 
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f Theme; 

P Theme_Keyword_Thesaurus: None 

f Theme_JCeyword: wetlands 

Theme^Keyword: hydrologic 

I; Theme_Keyword: land cover 

j;. Theme_Keyword: surface and manmade features 
k 

Place: 

Place_Keyword_Thesaurus: USGS Quadrangle Names 

( Place_Keyword: Range includes a l l 50 states, Puerto Rico, 
I. v i r g i n islands. Information f o r t h i s element varies f o r each 

7.5' quad. See the quad-specific metadata f i l e . 

•i Access_Constraints: None 

;: Use_ConBtraints: 
J Federal, State, and l o c a l regulatory agencies with j u r i s d i c t i o n 

over wetlands may define and describe wetlands i n a d i f f e r e n t 
manner than that used i n t h i s inventory. There i s no attempt, i n 
either the design or products of t h i s inventory, to define the 
l i m i t s of pr o p r i e t a r y j u r i s d i c t i o n of any Federal, State, or 
local government or to establish the geographical scope of the 
regulatory programs of government agencies. Persons intending to 
engage i n a c t i v i t i e s i n v o l v i n g modifications w i t h i n or adjacent 
to wetland areas should seek the advice of appropriate Federal, 
State, or l o c a l agencies concerning specified agency regulatory 
programs and pro p r i e t a r y j u r i s d i c t i o n s that may a f f e c t such 
a c t i v i t i e s . 

Point_of^Contact: 

Contact_Information: 

Contact_Organization_Primary: 

Contact_Organization: U.S. Fish & W i l d l i f e Service, 
National Wetlands Inventory Center 

Contact_Position: Cartographer 

Contact_Address: 

Address_Type: Mailing and Physical address 

Address: 9720 Executive Center Drive 
City: St. Petersburg 
State_or_Province: Florida 
Postal_Code: 33702 
Country: US 

Contact_Voice_Telephone727-570-54 00 

Data__Quality_Inf ormation: 

Attribute_Accuracy: 

Attribute__Accuracy_Report: 
The a t t r i b u t e accuracy i s tested by manual comparison of the 
source with hard copy pri n t o u t s and/or symbolized display of 
the d i g i t a l wetlands data on an i n t e r a c t i v e computer graphic 
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syscem. In addition, q u a l i t y control v e r i f i c a t i o n software 
(USFWS-MWI) tests the a t t r i b u t e s against a master set of 
va l i d wetland a t t r i b u t e s . 

Logical consistency_Report •. 
Polygons int e r s e c t i n g the neatline are closed along the 
border. Segments making up the outer and inner boundaries of a 
polygon t i e end-to-end to completely enclose the area. Line 
segments are a set of sequentially numbered coordinate pairs. 
No duplicate features exist nor duplicate points i n a data 
st r i n g . I n t e r s e c t i n g lines are separated i n t o i n d i v i d u a l l i n e 
segments at the point of int e r s e c t i o n . Point data are 
represented by two sets of coordinate pairs, each w i t h the 
same coordinate values. A l l nodes are represented by a single 
coordinate pair which indicates the beginning or end of a 
li n e segment. The neatline i s generated by connecting the four 
comers of the d i g i t a l f i l e , as established during 
i n i t i a l i z a t i o n of the d i g i t a l f i l e . A l l data crossing the 
neatline are clipped to the neatline and data w i t h i n a 
specified tolerance of the neatline are snapped to the 
neatline. Tests f o r l o g i c a l consistency are performed by 
q u a l i t y c o n t r o l v e r i f i c a t i o n software (USFWS-NWI). 

Completenes8_Report; 
NWI maps do not show a l l wetlands, but attempt to show most 
photointerpretable wetlands given considerations of map/photo 
scale and wetland delineation practices. A target mapping 
unit (emu) i s an estimate of the size class of the smallest 
group of wetlands that NWI attempts to map consistently; i t i s 
not the smallest wetland mapped. Recognize that some wetland 
types are conspicuous and readily mapped (e.g., marshes and 
ponds) and smaller ones may be mapped. Drier wetlands and 
forested wetlands (especially evergreen) are more d i f f i c u l t 
to photointerpret and larger ones may be missed. The tmu also 
varies with photo scale; i n forested regions, the tmu may be 
3-5 acres (liSOK photos), 1-3 acres ( 1 : 5 8 K ) , or 1 acre 
(1:4OK). NWI maps should show most wetlands larger than the 
tmu. I n the treeless p r a i r i e s , a 1/4 acre tmu i s possible due 
to the openness of t e r r a i n and occurrence of wetlands i n 
d i s t i n c t depressions. Take notice of the photo scale/type 
used t o make the maps (see legend) and realize that black and 
white photos tend to y i e l d more conservative i n t e r p r e t a t i o n s 
than c o l o r i n f r a r e d f i l m . Most farmed wetlands (e.g., 
mucklands) are usually not mapped, except f o r pothole-type 
wetlands, cranberry bogs, and diked former tidelands 
(Sacramento Valley). Partly drained wetlands are 
conservatively mapped due to photointerpretation l i m i t a t i o n s . 
No attempt was made to i d e n t i f y regulated wetlands from 
other wetlands. Recognize that maps produced through 
photointerpretation are not as accurate as one prepared from 
on-the-ground surveys, so NWI boundaries are generalized. 

Pos i t ional__Accuracy 

Hor i zont al_Pos i t ional__Ac curacy -. 

Horizontal_Positional_Accuracy_Report: Horizontal 

Lineage: 

Source_Information: 

Source_Citat ion: 

O r i g i n a t o r : 
The Domain includes U.S. Geological Survey (USGS), 
U.S. Department of Agr i cu l t ure (USDA), National 

9/17/2007 4:07, 
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Aeronautics and Space Administration (NASA), special 
project. Information f o r t h i s element varies f o r each 
7.5' quad. See the quad-specific metadata f i l e . 

Publication^Date: Information for t h i s element varies f o r 
each 7.5' quad. See the quad-specific metadata f i l e . 

Title.-
The Domain includes National Aerial Photography Program 
(NAPP), National High A l t i t u d e Photography (NKAP), 
USDA, Farm Service Agency, Aerial Photography F i e l d 
Office, NASA or special project photography. Information 
for t h i s element varies f o r each 7.5' quad. See the 
quad-specific metadata f i l e . 

Geospatial_Data_Presentation_Form: Remote-sensing image 

Publicstion_Information: 

Publication_Place: Reston, V i r g i n i a 

Publisher: U.S. Geological Survey 

Source_Scale_Denominator! Ranges from 20,000 to 132,000. 
Information f o r t h i s element varies f o r each 7.5' quad. See 
the quad-specific metadata f i l e . 

Type_of__Source__Media; Domain includes black and white, 
color infrared, or natural color a e r i a l photograph f i l m 
transparency. Information f o r t h i s element varies f o r each 
7.5' quad. See the quad-specific metadata f i l e . 

Source_Time_Period_of_Content: 

Time_Period_Informat i on s 

Multiple_Dates_Tifnes; 

Calendar_Date-. Ranges from Feb. 1971 to Nov. 1997. 
Information f o r t h i s element varies f o r each 7.5' 
quad. See the quad-specific metadata f i l e . 

Source_Currentness_Reference: Photo date 

Source_Citation_Abbreviation: PHOTOS 

Source_Contribution: Wetlands sp a t i a l and a t t r i b u t e 
information 

Source^Information: 

Source_Citation: 

citation_Information: 

Originator: U.S. Geological Survey 

Publication_Date: Ranges from 1902 to 1995. 
Information f o r t h i s element varies f o r each 7.5' quad. 
See the quad-specific metadata f i l e . 

T i t l e : topographic map 

Geospati al_Data_Presentation_Form: map 

Publication Information: 
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Publication_Place: Rescon, V i r g i n i a 

Publisher; U.S. Geological Survey 

Source_Scale_DenominaCorDomain includes 20000, 24000, 
25000, 30000, and 62500. Information for chis element varies 
for each 7.5' quad. See the quad-specific metadata f i l e . 

Type_of_Source_Media: stable-base material 

Source_Time_Period_of_Content: 

Time_Period —Information: 

Single_Dat.e_Time: 

Calendar_Date% Ranges from 1902 to 1995. 
Information f o r t h i s element varies f o r each 7.5' 
quad. See the quad-specific metadata f i l e . 

Source^Currentnees^Reference: publication date 

Source_Citation_Abbreviation.- USGS QUAD 

Source_Contribution: base cartographic data 

Source_Information: 

Source_Citation: 

Citation_Information: 

Originator: U.S.D.A. Natural Resources Conservation 
Service 

Publication_Date: Varies 

T i t l e i County Soil Surveys 

Geospatial_Data_Presentation_Form: map 

Publication_Information: 

Publication_Place: Washington, DC 

Publisher: Government Pr i n t i n g Office 

Source_Scale_Denominator: Varies 

Type_of_Source_Media: paper 

Source^Time__Period_of_Content: 

Time__Period_Information: 

Single_Date_Time: 

Calendar^Date: Varies 

Source_CurrentnesB_Reference: publication date 

Source_Citation_Abbreviat ion: SOILS 

Source_Contribution: wetlands location and c l a s s i f i c a t i o n 

ProcesB_Step: 
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Process__DeBcription: 
NWI maps are compiled through manual photointerpretation 
of NHAP or NAPP aer i a l photography supplemented by S o i l 
Surveys and f i e l d checking of wetland photo signatures. 
Delineated wetland boundaries are manually transferred 
from i n t e r p r e t e d photos to USGS 7.5 minute topographic 
quadrangle maps and then manually labeled. Quality control 
steps occur throughout the photointerpretation, map 
compilation, and map reproduction processes. D i g i t a l 
wetlands data are either manually d i g i t i z e d or scanned 
from stable-base copies of the 1:24,000 scale wetlands 
overlays registered to the standard U.S. Geological 
Survey (USGS) 7.5 minute quadrangles i n t o t o p o l o g i c a l l y 
correct data f i l e s using Arc/Info software. Files 
contain ground planimetric coordinates and wetland 
a t t r i b u t e s . Tbe quadrangles were referenced to the North 
American Datum of 1927 (NAD27) horizontal datum. The 
scanning process captured the d i g i t a l data at a scanning 
resolution of at least 0.001 inches; the r e s u l t i n g raster 
data were vectorized and then a t t r i b u t e d on an i n t e r a c t i v e 
e d i t i n g s t a t i o n . Manual d i g i t i z i n g used a d i g i t i z i n g table 
to capture the d i g i t a l data at a resolution of at least 
0.005 inches; a t t r i b u t i o n was performed as the data wete 
d i g i t i z e d . The determination of scanning versus manual 
d i g i t i z i n g production method was based on feature density, 
source map q u a l i t y , feature symbology, and a v a i l a b i l i t y of 
production systems. The data were checked f o r p o s i t i o n by 
comparing p l o t s of the d i g i t a l data to the source 
material. 

Source_Used__Citation_Abbreviation: PHOTOS 

Source_Used_Citation_Abbreviation: USGS QUADS 

ProcessJDate; Ranges from 1979 to 2001. Information f o r 
t h i s element varies for each 7.5' quad. See the 
quad-specific metadata f i l e . 

Source_Produced_Citation_Abbreviation: NWI 

Spat ial_Da ta__0rgani zat ion_Inf orma t ion.• 

Direct_Spatial_Reference_Method: Vector 

Point_and_Vector_Object_Information: 

SDTS_Terms_Description: 

SDTS_Point_and_Vector_Object_Type: Information f o r t h i s 
element varies for each 7.5' quad. See the quad-specific 
metadata f i l e . 

Spatial_Reference_Information: 

Horizontal^Coordinate_System_Defini t i o n ; 

Planar: 

Grid_Coordinate_System: 

Grid_Coordinate_SysCem_Name; Universal Transverse 
Mercator 

Universal_Transverse_Mercator: 

UTM_Zone_Number: Ranges from 4 to 20. Information 
f o r t h i s element varies f o r each 7.5' quad. See the 
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quad-specific metadata f i l e . 

Transverse^Mercator: 

Scale_Factor_at_Central_Meridian: 0.999 6 

Longitude_of_Central_Meridian: Ranges from -159.0 
to -63.0. Information f o r t h i s element varies for 
each 7.5' quad. See the quad-specific metadata 
f i l e . 

Latitude_of_Projection_Origin: 0.0 

False_Easting: 500000.0 

False^Northing: 0.0 

Planar_Coordinate_Information: 

Planar_Coordinate_Encoding_Methodi Coordinate p a i r 

Coordina t e_Rep re 8 enta t ion: 

Abscissa^Resolution: 0.61 

Ordinate__Resolut ion: 0,61 

Planar_Distance_Units; Meters 

Geodetic__Model: 

Horizonal_Datum_Name: North American Datum of 1927 

£:ilipsoid__Name: Clarke 1866 

Semi__major_Axis: 6378206.4 

Denominator_of_Flattening_Ratio:' 294.9787 

Entity_and_Attribute_Information: 

Detailed^Description: 

Entity_Type: 

Entity_Type_Label: Wetland 

Entity_Type_Definition: Wetlands are lands t r a n s i t i o n a l 
between t e r r e s t r i a l and aquatic systems where the water 
table i s usually at or near the surface or the land i s 
covered by shallow water. For purposes of t h i s 
c l a s s i f i c a t i o n wetlands must have one or more of the 
f o l l o w i n g a t t r i b u t e s : 1) at least p e r i o d i c a l l y , the land 
supports predominantly hydrophytes,- 2) the substrate i s 
predominantly undrained hydric s o i l ; and 3) the substrate 
is non-soil and i s saturated with water or covered by 
shallow water at some time during the growing season of 
each year. 

Entity_Type_Definition_Source: Cowardin, L.M., V. Carter, 
F. Golet, and E. LaRoe. 1979. Cla s s i f i c a t i o n of wetlands 
and deepwater habitats of the United States. U.S. Fish 
W i l d l i f e Service. 103 pp. 

A t t r i b u t e : 

A t t r i b u t e Label: Wetland c l a s s i f i c a t i o n 
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i i 
Actribute_Defi.nit.ion: C l a s s i f i c a t i o n of the Wetland 

Attribute_Definition_Source: Cowardin, L.M., V. Carter, 
F. Golet, and E. LaRoe. 1979. C l a s s i f i c a t i o n of wetlands 
and deepwater habitats of the United States. U.S. Fish 
w i l d l i f e Service. 103 pp. 

Attribute_Domain__Values: 

Codeset_Doinain: 

Codeset^Name: Valid wetland c l a s s i f i c a t i o n code l i s t 

Codeset_Source: Photointerpretation Conventions f o r 
the National Wetlands Inventory, January 1995 

D i s t r i b u t i o n _ I n f o r m a t i o n : 

D i s t r i b u t o r : 

Contact_Inf ormation: 

Contact_Organi zat ion_Priinary: 

ContactJ3rganization: Cooperator-Run D i s t r i b u t i o n Centers 

Contact_Address .-

Address_Type: Listiawww.nwi . f ws .gov/Maps/distribution__ctrs .htm 

D i s t r i b u t i o n _ L i a b i l i t y : None 

Standard_Order_Process: 

Non_digital_Form: Hardcopy NWI wetlands maps at various 
scales, on diazo paper composited with USGS base map. 

Digital_Form: 

Digital_Transfer_Information: 

Format_Name: Arc Export and Shapefile 

Digital_TranBfer_Option: 

Online_0ption: 

Computer_Contact_Information: 

Network__Addre8s: 

Ne t wo r)c_Resource_Name : 
ftp://ftp.nwi.fws.gov/arcdata/ 
ftp://ftp.nwi.fws.gov/shapedata/ 

Network._Resource_Name: 
h t t p .* / /www.nwi. fws .gov/ 

Access_Instructions: Anyone with access to the 
Internet may connect to NWi's server via anonymous 
f t p and download available NWI d i g i t a l wetlands 
data i n Arc Export and Shapefile formats. 
Indexes f o r NWI hardcopy maps and d i g i t a l data are 
also available. D i g i t a l wetlands data can be 
downloaded f o r 7.5 minute quadrangles throughout 
the USA. To access: f t p to the NWI server, l o g i n 
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as anonymous, enter your e-mail address at the 
password prompt, change t o the arcdata d i r e c t o r y 
f o r Arc Export data, or change to the shapedata 
directory f o r Shapefile data. Use the f t p 'get' 
command to transfer readme f i l e f o r f u r t h e r 
i n s t r u c t i o n s . 
View the NWI home page by pointing your World wide 
Web browser to the h t t p address shown above. 

Online_Computer_and_Operat ing_System-. Sun Model 
450 Unix server. Solaris 8 operating system. 

Off1inejOpt ion: 

Offline^Media: Arc Export Everything Tape - 8mm 
cartridge tape (5 Gb) 

Recording^Capacity: 

Recording_Density; 5 

Recording_Density_Units: gigabytes 

Recording^Format: t a r 

Metadata_Reference_Information; 

Metadata_Contact; 

Gontact_Information: 

Contact_Person__Primary: 

Contact_Person: Andrew Paul 

Gontact_Organization: U.S. Fish & W i l d l i f e Service, 
National Wetlands Inventory Center 

Contact_Position: Cartographer 

contact_Address: 

Address_Type: Mailing and Physical address 

Address: 9720 Executive Center Drive 
City: St. Petersburg 
State_or_Province; Florida 
Postal_Code: 33702 

Contact__Voice_Telephone: 727-570-5400 

Contact^Facsimile^Telephone: 727-570-5420 

Contact_Electronic_Mail_Address: Andrew_Paul@fws.gov 

Metadata_Standard_Name: FGDC Content Standards f o r D i g i t a l 
Geospatial Metadata 

Metadata Standard Version: FGDC-STD-001-1998 
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I ECC Exhibit RJH-4 ! 

Metadata: 

* • Identification Information 
. 

; • Data Quality Infonnation 
• Spatial Data Organization Information 
• Spatial Reference Information 
• Entity and Attribute Information 

* • Dislribulion Information 
• Metadata Reference Infonnation 

Identification information: 
Citation: 

Citation information: 
Originator: Geospatial and Statistical Data Center, Alderman Library 
Publication_Date: 19990527 
Title: UNIQUE 
Geospatial_Data_PresentationJForm: raster digital data 
Online_Linkage: UNIQUE 

Description: 
Abstract: 

These data can be used in a geographic information system (GIS) for any number of 
purposes such as assessing wildlife habitat, water quality, pesticide runoff, land use 
change, etc. The state data sets are provided with a 300 meter buffer beyond the 
state border to faciliate combining the state files into larger regions. 

The user must have a firm understanding of how the datasets were compiled and 
the resulting limitations of these data. The National Land Cover Dataset was 
compiled from Landsat satellite TM imagery (circa 1992) with a spatial resolution 
of 30 meters and supplemented by various ancillary data (where available). The 
analysis and interpretation of the satellite imagery was conducted using very large, 
sometimes multi-state image mosaics (i.e. up to 18 Landsat scenes). Using a 
relatively small number of aerial photographs for 'ground truth', the thematic 
interpretations were necessarily conducted from a spatially-broad perspective. 
Furthermore, the accuracy assessments (see below) correspond to 'federal regions' 
which are groupings of contiguous States. Thus, the reliability of the data is 
greatest at the State or multi-State level. The statistical accuracy of the data is 
known only for the region. 

Important Caution Advisory 

With this in mind, users are cautioned to carefully scrutinize the data to see if they 
are of sufficient reliability before attempting to use the dataset for larger-scale or 
local analyses. This evaluation must be made remembering that the NLCD 
represents conditions in the early 1990s. 

The Virginia portion of the NLCD was created as part of land cover mapping 
activities for Federal Region III that includes the States of Maryland, Delaware, 
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Pennsylvania, Virginia, West Virginia, and the District of Columbia. The NCCD 
classification contains 21 difTerent land cover categories with a spatial resolutio' 
30 meters. The NLCD was produced as a cooperative effort between the U.S. 
Geological Survey (USGS) and the U.S. Environmental Protection Agency (US 
EPA) to produce a consistent, land cover data layer for the conterminous U.S. using 
early 1990s Landsat thematic mapper (TM) data purchased by the Multi-resolution 
Land Characterization (MRLC) Consortium. The MRLC Consortium is a 
partnership of federal agencies that produce or use land cover data. Partners include 
the USGS (National Mapping, Biological Resources, and Water Resources 
Divisions), US EPA, the U.S. Forest Service, and the National Oceanic and 
Atmospheric Administration. 

Purpose: 
The main objective of this project was to generate a generalized and nationally 
consistent land cover data layer for the entire conterminous United States. These 
data can be used as a layer m a geographic information system (GIS) for any 
number of purposes such assessing wildlife habitat, water quality and pesticide 
runoff, land use change, etc. 

Supplemental information: 
The land cover data files are provided as a 'Geo-TIFFXon CDROM) or 8 bit binary 
files (from FTP site). The land cover data sets are single band raster images. The 
X/Y comer coordinates for Virginia are 1088700/ 1967100 (projection meters, 
center of Upper Left pixel). 

The NLCD data for Virginia were clipped using county and independent city 
boundaries. For more information on this special processing see the Lineage 
section below. 

TimeJPeriodjsfjContent: 
Time^PeriodJnformation: 

Rangej>fJ)ates/Times: 
BeginningDate: 1986 
EndingJDate: 1993 

CurrentnessJ(eference: ground condition 
Status: 

Progress: Complete 
Maintenancejmd_UpdaieJFrequency: As needed 

Spatial ̂ Domain: 
BoundingCoordinates: 

West̂ Bounding^Coordinate: UNIQUE 
EastJSoundingjCoordinate: UNIQUE 
North JSounding^Coordinate: UNIQUE 
South_Bounding_Coordinate: UNIQUE 

Keywords: 
Theme: 

ThemeJCeywordJTkesaurus: None 
Theme_Keyword: Land Use/Land Cover 
Theme_Keyword: Land Management 
Theme_Keyword: Land Resources 
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I Theme_Keyword: Imagery 
I Theme ̂ Keyword: Land Characterization 
| Theme_Keyword: Land Cover 
i Theme Keyword: Landsat 
% Theme ̂ Keyword: Remote Sensing 
U Theme^Keyword: Satellite 
t Theme^Keyword: Space Imaging 
I Place: 
I Place_Keyword_Thesaun4s: 
l U.S. Department of Commerce, 1977, Countries, dependencies, areas of 
j special sovereignty, and their principal administrative divisions (Federal 
§ Information Processing Standard 10-3):Washington, D.C, National Institute 
1 of Standards and Technology. 
| Place_Keyword: North America 
I Place_Keyword: United States of America 
| Place: 
f Place _Keyword_Thesaurus: 
I U.S. Department of Commerce, 1987, Codes for the identification ofthe 

States, the District of Columbia, and the outlying areas of the United States 
\ and associated areas Federal Information Processing Standard 5-20; 

Washington, D.C, National Institute 
Place Keyword: Virginia 
PlaceJKeyword: VA 

Access ̂ Constraints: None. 
Use_ Cons tra in ts: 

None. Acknowledgement of the U.S. Geological Survey would be appreciated in products 
derived from these data. 

Point of_Contact: 
Contact information: 

Contact^Organization ̂ Primary: 
ContactjOrganization: Geospatial and Statistical Data Center, Alderman 
Library 

Contact_Address: 
Address JType: mailing and physical address 
Address: University of Virginia Alderman Library, Box 400129 
City: Charlottesville 
State_or_Province: VA 
PostaljCode: 22904 

Contact_Voice_Telephone: (434) 982-2630 
Contact_Electronic_Mail_Address: geostat@virginia.edu 

Browse_Graphic: 
Browse_Graphic__File_Name: UNIQUE 
Browse_ Graphic__FileJ)escript ion: 
Browse_GraphicJFileJType: 

Data Set_Credit: Kelly CayJor 

Data _Qualityinformation: 
Atthbute^Accuracy: 
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Atiribute_Accuracy_Report: 
An accuracy assessment is done on al] NLCD on a Federal Region basis fbllowin' 
a revision cycle that incorporates feedback from MRLC Consortium partners and 
affiliated users. The accuracy assessments are conducted by private sector vendors 
under contract to the US EPA. A protocol has been established by the USGS and 
USEPA that incorporates a two-stage, geographically stratified cluster sampling 
plan (Zhu et al., 1999} utilizing National Aerial Photography Program (NAPP) 
photographs as the sampling frame and the basic sampling unit. In this design a 
NAPP photograph is defined as a 1st stage or primary sampling unit (PSU), and a 
sampled pixel within each PSU is treated as a 2nd stage or secondary sampling unit 
(SSU). 

PSLTs are selected from a sampling grid based on NAPP flight-lines and photo 
centers, each grid cell measures 15'X 15' (minutes of latitude/long/tude) and 
consists of 32 NHAP photographs. A geographically stratified random sampling is 
performed with 1 NAPP photo being randomly selected from each cell (geographic 
strata), if a sampled photo falls outside of the regional boundary it is not used. 
Second stage sampling is accomplished by selecting SSLTs (pixels) within each 
PSU (NAPP photo) to provide the actual locations for the reference land cover 
classification. 

The SSUs are manually interpreted and misdassification errors are estimated and 
described using a traditional error matrix as well as a number of other important 
measures including the overall proportion of pixels correctly classified, user's and 
producer's accuracy's, and omission and commission error probabilities. 

At the time of CD release (Summer 2000), the accuracy assessment was not 
complete. For the Region IU accuracy assessment, please check the NLCD 
Website: <http://edcwww.usgs.gov/programs/lccp/nationallandcover.htmI>. The 
accuracy assessment numbers will be posted there around September, 2000. 

While we believe that the approach taken has yielded a very good general land 
cover classification product for Region HI, it is important to indicate to the user 
where there might be some potential problems. The biggest concerns for Region HI 
are listed below: 

1) Accurate definition of the transitional barren class was extremely difficult. The 
majority of pixels in this class correspond to clear-cut forests in various stages of 
regrowth. Spectrally, fresh clear-cuts are very similar to row-crops in the leaves-off 
data. Manual correction of coding errors was performed to improve differentiation 
between row-crops and clear-cuts, but some enors may still be found. As regrowth 
occurs in a clear-cut region, the definition of transitional barren versus a forested 
class becomes problematic. An attempt was made to classify only fresh clear-cuts 
or those in the earliest stages of regrowth, but there are likely forested regions 
classed as transitional barren and vice versa. 

2) Due to the confusion between clear-cuts, regrowth in clear-cuts, Forested areas, 
and shrublands, no attempts were made to populate the shrubland classes. Any 
shrubland areas that exist in this area are classed in their like forest class, i.e. 
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deciduous shrubland is classed as deciduous forest, etc. 

L ogicai_ Consistency Report: 
An unsupervised classification algorithm was used to classify the mosaicked multiple 
leaf-off TM scenes. Aerial photographs were used to interpret and label classes into land 
cover categories and ancillary data sources resolved the class confusion- Further land 
cover infonnation from leaf-on TM data, NWI data, and other sources were incorporated 
to refine and augment the "basic" classification. 

Completeness^Report: All photo-interpretable data are mapped. 
Positional_A ccuracy: 

Horizontal__Pos itional_Accuracy: 
HorizontaljPositional_Accuracy_Report: 

Each Landsat Thematic Mapper image used to create the NLCD was 
precision terrain-corrected using 3-arc-second digital terrain elevation data 
(DTED), and georegistered using ground control points. This resulted in a 
root mean square registration error of less than 1 pixel (30 meters). 

Lineage: 
Source information: 

SourcejCitation: 
Citation_Information: 

Originator: 
Publication_pate: 
Title: 
Geospatial__Data_Presentation_Form: 
Publication_Information: 

Publication_Place: IF needed 
Publisher: if needed 

Type_ofJ$ource_Media: 
Source_ Time^PeriodjofContent: 

Time_Period_Information: 
Single_pate/Tim e: 

CaIendar_Date: UNIQUE 
Source_Currentness_Reference: ground condition 

Source_Citation__A bbreviation: 
SourcejContribution: 

Process_Step: 
Process ̂ Description: 
Source JJsedjCitation ^Abbreviation: 
ProcessJDate: 
Process^Contact: 

Contact information: 
Contact_ Orga n ization_Primary: 

Contact ̂ Organization: Geospatial and Statistical Data Center, 
Alderman Library 

Contact_A ddress : 
Address JType: mailing and physical address 
Address: University of Virginia Alderman Library, Box 400129 
City: Charlottesville 
State or Province: VA 



Postal JCode: 22904 
Contact_Voice_Telephone: (434) 982-2630 
Contact_Electronic_Mail_Address: geostat@virginia.edu 

Spatial_Data ^Organization information: 
Direct_SpaiiaI Reference_Method: raster 
Raster _Objectinformation: 

Raster_0bject JType: pixel 
RowjCount: 23630 
Column Count: 13032 

Spatial_Reference information: 
Horizon tal_ Coordinate_System_Definition : 

Planar: 
Map Projection: 

Map_Projection_Name: Albers Conical Equal Area 
Albers_Conical_Equal_Area: 

Standard_Parallel: 29.5 
StandardJParallel: 45.5 
Longitude__of_Central_Meridian: -96 
Latitude_pf_Projection_Origin: 23 
False^Easting: 0 
False_Nonhing: 0 

PlanarCoordinate information: 
Planar Coordinate_Encoding_Method: Coordinate Pair 
Coordinate^Representation: 

Abscissa_Resolution: 30 
Ordinate^Resolution: 30 

Planar DistanceiJnits: meters 
GeodeticModel: 

Horizontal Datum_Name: North American Datum 1983 
Ellipsoid_Name: Geographic Reference System 80 
Semi-major Axis: 6378137 
Denominator_of_Flattening_Ratio: 298.257 

Entity_and_Auribute information: 
Overview^Description : 

En t i ty_a nd_A ttr ibutejOvervi ew: 
NOTE - AH classes may NOT be represented in a specific state data set. The class 
number represents the digital value ofthe class in the data set. 

Water 11 Open Water 12 Perennial Ice/Snow 

Developed 21 Low Intensity Residential 22 High Intensity Residential 23 
Commercial/Industrial/Transportation 

Barren 31 Bare Rock/Sand/Clay 32 Quarries/Strip Mines/Gravel Pits 33 

9/19/2007 11:43 PJ 
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r 
Transitional 

:t 

*• Vegetated; Natural Forested Upland 41 Deciduous Forest 42 Evergreen Forest 43 
£ Mixed Forest 

i Shrubland 51 Shrubland 

% Non-natural Woody 61 OrchardsNineyards/Other 

\ Herbaceous Upland 71 Grasslands/Herbaceous 

\ Herbaceous Planted/Cultivated 81 Pasture/Hay 82 Row Crops 83 Small Grains 84 
\ Fallow 85 Urban/Recreational Grasses 

I Wetlands 91 Woody Wetlands 92 Emergent Herbaceous Wetlands 

I NLCD Land Cover Classification System Land Cover Class Definitions: 

f Water - All areas of open water or permanent ice/snow cover. 

J 11. Open Water - areas of open water, generally with less than 25 percent or greater 
f cover of water (per pixel). 

\ 12. Perennial Ice/Snow - All areas characterized by year-long cover of ice and/or 
f snow. 

% Developed - areas characterized by high percentage (approximately 30% or greater) 
% of constructed materials (e.g. asphalt, concrete, buildings, etc). 

% 21. Low Intensity Residential - Includes areas with a mixture of constructed 
\ materials and vegetation. Constructed materials account for 30-80 percent ofthe 
| cover. Vegetation may account for 20 to 70 percent of the cover. These areas most 
I commonly include single-family housing units. Population densities will be lower 
% than in high intensity residential areas. 

ft 22. High Intensity Residential - Includes heavily built up urban centers where 
X people reside in high numbers. Examples include apartment complexes and row 

houses. Vegetation accounts for less than 20 percent of the cover. Constructed 
! materials account for 80-100 percent of the cover. 

; 23. Commercial/Industrial/Transportation - Includes infrastructure (e.g. roads, 
' railroads, etc.) and all highways and all developed areas not classified as High 

Intensity Residential. 

Banen - Areas characterized by bare rock, gravel, sad, silt, clay, or other earthen 
material, with little or no ""green"" vegetation present regardless of its inherent 
ability to support life. Vegetation, if present, is more widely spaced and scrubby 
than that in the ""green"" vegetated categories; lichen cover may be extensive. 

31. Bare Rock/Sand/Clay - Perennially barren areas of bedrock, desert, pavement, 
scarps, talus, slides, volcanic material, glacial debris, and other accumulations of 
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earthen material. 

32. Quarries/Strip Mines/Gravel Pits - Areas of extractive mining activities with 
significant surface expression. 

33. Transitional - Areas of sparse vegetative cover (less than 25 percent that are 
dynamically changing from one land cover to another, often because of land use 
activities. Examples include forest clearcuts, a transition phase between forest and 
agricultural land, the temporary clearing of vegetation, and changes due to natural 
causes (e.g. fire, flood, etc.) 

Forested Upland - Areas characterized by tree cover (natural or semi-natural woody 
vegetation, generally greater than 6 meters tall); Tree canopy accounts for 25-100 
percent of the cover. 

41. Deciduous Forest - Areas dominated by trees where 75 percent or more of the 
tree species shed foliage simultaneously in response to seasonal change. 

42. Evergreen Forest - Areas characterized by trees where 75 percent or more ofthe 
tree species maintain their leaves all year. Canopy is never without green foliage. 

43. Mixed Forest - Areas dominated by trees where neither deciduous nor 
evergreen species represent more than 75 percent ofthe cover present. 

Shrubland - Areas characterized by natural or semi-natural woody vegetation with 
aerial stems, generally less than 6 meters tall with individuals or clumps not 
touching to interlocking. Both evergreen and deciduous species of true shrubs, 
young trees, and trees or shrubs that are small or stunted because of environmental 
conditions are included. 

51. Shrubland - Areas dominated by shrubs; shrub canopy accounts for 25-100 
percent of the cover. Shrub cover is generally greater than 25 percent when tree 
cover is less than 25 percent. Shrub cover may be less than 25 percent in cases 
when the cover of other life forms (e.g. herbaceous or tree) is less than 25 percent 
and shrubs cover exceeds the cover ofthe other life forms. 

Non-natural Woody - Areas dominated by non-natural woody vegetation; 
non-natural woody vegetative canopy accounts for 25-100 percent of the cover. The 
non-natural woody classification is subject to the availability of sufficient ancillary 
data to differentiate non-natural woody vegetation from natural woody vegetation. 

61. Orchards/Vineyards/Other - Orchards, vineyards, and other areas planted or 
maintained for the production of fruits, nuts, berries, or ornamentals. 

Herbaceous Upland - Upland areas characterized by natural or semi- natural 
herbaceous vegetation; herbaceous vegetation accounts for 75-100 percent of the 
cover. 

71. Grasslands/Herbaceous - Areas dominated by upland grasses and forbs. In rare 
cases, herbaceous cover is less than 25 percent, but exceeds the combined cover of 

9/19/2007 11:43 PJ 
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the woody species present. These areas are no! subject to intensive management, 
but they are often utilized for grazing. 

Planted/Cultivated - Areas characterized by herbaceous vegetation That has been 
planted or is intensively managed for the production of food, feed, or fiber; or is 
maintained in developed settings for specific purposes. Herbaceous vegetation 
accounts for 75-100 percent of the cover. 

81. Pasture/Hay - Areas of grasses, legumes, or grass-legume mixtures planted for 
livestock grazing or the production of seed or hay crops. 

82. Row Crops - Areas used for the production of crops, such as com, soybeans, 
vegetables, tobacco, and cotton. 

83. Small Grains - Areas used for the production of graminoid crops such as wheat, 
barley, oats, and rice 

84. Fallow - Areas used for the production of crops that are temporarily banen or 
with sparse vegetative cover as a result of being tilled in a management practice 
that incorporates prescribed alternation between cropping and tillage. 

85. Urban/Recreational Grasses - Vegetation (primarily grasses) planted in 
developed settings for recreation, erosion control, or aesthetic purposes. Examples 
include parks, lawns, golf courses, airport grasses, and industrial site grasses. 

Wetlands - Areas where the soil or substrate is periodically saturated with or 
covered with water as defined by Cowardin et al. 

91. Woody Wetlands - Areas where forest or shrubland vegetation accounts for 
25-100 percent ofthe cover and the soil or substrate is periodically saturated with 
or covered with water. 

92. Emergent Herbaceous Wetlands - Areas where perennial herbaceous vegetation 
accounts for 75-100 percent of the cover and the soil or substrate is periodically 
saturated with or covered with water. 

Entity_and_Attribute_Detail_Citation: 
NLCD Regional Land Cover Classification System Key Rev. 07/99 
http :/fisher.lib. virginia.edu/nIcd/virginia_info.html 

Distributionjtnformation: 
Distributor: 

Contact information: 
Con iact_ Organization_Pnmary: 

Contact_Organization: Geospatial and Statistical Data Center, Alderman 
Library 

Con tact_A ddress: 
AddressJType: mailing and physical address 
Address: University of Virginia Alderman Library, Box 400129 
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$ .-«..-,̂ .fci..i-f /̂i_uiicv.-iiuiis/ijis/nica/neips/nlcd_meta.htinJ : 

1 City: Charlottesville 
| State_or_Province: VA 
k Postal'JCode: 22904 

Contact_Voicejrelephone: (434) 982-2630 
Contact_Electronic_Mail_Address: geostat@virginia.edu 

Resource ̂ Description: Virginia Land Cover: UNIQUE 
• Distribution _Liability: 
% Although these data have been processed successfully on a computer system at the USGS, 
1 no warranty expressed or implied is made by the USGS regarding the use ofthe data on 

any other system, nor does the act of distribution constitute any such warranty. 
StandardJDrder_Process: 

Digital Form: 
Digital_ Transfer information: 

Format_Name: GeoTEFF 
Format information jContent: 

i GeoTIFF is a standard for storing georeference and geocoding 
I infonnation in a TIFF 6.0 compliant raster file (uncompressed). 
I DigitalJTransfer Option: 
I Online Option: 
> Computer_Contactinformation: 
f Network_Address: 
'.' Network_Resource_Name: UNIQUE 
; Fees: none 

Metadataieference information: 
Metadata^Date: UNIQUE 
Meiadata_Contact: 

Contact information: 
Contact_Organization_Primary: 

Contact ̂ Organization: Geospatial and Statistical Data Center, Alderman 
Library 

Contact_Address: 
AddressJType: mailing and physical address 
Address: University of Virginia Alderman Library, Box 400129 
City: Charlottesville 
State_or\Prwince: VA 
Postal JCode: 22904 

Contact_VoiceJTelephone: (434) 982-2630 
Contact_Electronic_Mail_Address: geostat 

Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata 
Metadata Standard Version: FGDC-STD-001-1998 

Generated by[n£ version 2.7.21 on Fri May 17 12:55:162002 
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SPC maintains the following data layers within its CIS system for 
Southwestern Pennsylvania 

CIS Coverage Descriptions 

Abandoned Mine Land - Coal Mine Related 
Agricultural Security Areas 
Airports 
Alliance for Aquatic Research Monitoring (Allarm) 
Amusement Parks 
Animal Equivalency Units 
Attractions 
Bedrock Geology of Pennsylvania 
Bicycle/Pedestrian Network (SPC) 
Boat Ramp Locations 
Census Blocks (2000) 
Census Block Centroids (1990) 
Census Block Groups (1990, 2000) 
Census Tracts (1990f 2000) 
Campgrounds 

imeterles 
Colleges / Universities 
Congressional Districts - PA State 
Congressional Districts - Federal 
Contacts, Dikes, and Fault Unes 
County Boundaries 
Crushed Stone Operations 
Dam Locations 
DCNR Trails 
Drastic Scores to Ground Water vulnerability to Pollution 
Environmental / Natural Heritage Areas 
Fault Unes 
Fish Species Occurrence Database 
Fisheries Impacted by Acid Mine Drainage 
Flood Prone Areas 
Forests - State 
Forest Density 
Forest Type 
Game Lands - State 
Golf Courses 
Ground Water Site Inventory Database 
Historic Areas 
Historic Sites 
Hospitals 
Hydrology - Stream, Lake, Pond Boundaries 
Hydrology - Stream, Lake, Pond Areas 
Industrial Parks 
Land Cover - Satellite 
Major Employers 
Manage Surface Longwall Panels 
Marina Locations 

Military Sites 
Municipal Boundaries 
Oil and Gas Fields 
Oil and Gas Wells 
Open Spaces - Other 
Parks - State, County, & Local 
Park & Ride Lots 
PA Conservation Gap Fish Habitat Model 
Pittsburgh Coal Deep Mining 
Pittsburgh Coal Seam Crop Une 
Pittsburgh Coal Strip Deep Mining 
Place Names - USGS 
Public Water Supply Wells Database 
Publicly Controlled Hunting Lands 
Quality of Water (QW DATA) Database 
Railroads 
Railroad Crossings 
Rivers 
River Terminals / Barge Companies 
Roads - All Federal, State, & Local 
Sand and Gravel Operations 
School Districts 
Schools & Facilities 
Senatorial Districts - PA State 
Sewer Service Areas 
Shopping Centers - Major 
Slopes - Steep, 25% or Greater 
Soils - Prime Agricultural 
STATSGO Soils and MUID Database 
Surface Water Sampling Sites 
Traffic Analysis Zones 
Traffic Signals 
Transit Routes 
Transportation Network / Major Roads 
Upper Freeport Coal Deep Mining 
Upper Freeport Coal Reserves (All) 
Upper Freeport Coal Seam Crop Line 
Upper Freeport Coal Strip Mining 
USGS Quadrangle Boundaries 
Warehouses - Pubfic 
Water Service Areas 
Water Well Inventory 
Watersheds 
Wetlands - Major 

Whitewater rafting/kayaking streams 
ZIPCodes 
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STATE YOUR NAME AND BUSINESS ADDRESS. 

My name is Richard J. Hoch and my address is 1099 University Drive, Dunbar, 

Pennsylvania 15431. 

WHO ARE YOU EMPLOYED BY? 

I am an Assistant Professor of Geography and Regional Planning at Indiana University of 

Pennsylvania. 

HAVE YOU PREVIOUSLY SUBMITTED DIRECT TESTIMONY IN THIS 

PROCEEDING ON BEHALF OF ENERGY CONSERVATION COUNCIL OF 

PENNSYLVANIA? 

Yes. My direct testimony was previously submitted in this proceeding as ECC Statement 

No. 3. 

PLEASE DESCRIBE THE PURPOSE OF YOUR SURREBUTTAL. 

The purpose of my Surrebuttal testimony is to address the "rebuttal" testimony sponsored 

by TrAILCo witnesses Jack Halpern and Tim Gaul. My Surrebuttal reinforces the general 

opinions offered in my direct testimony as follows: 

(1) I fully understand and appreciate the role that a Geographic Information 

System ("GIS") plays in a project such as the TrAIL project; 

(2) Information and analysis supplied by GIS is only as accurate and precise as 

the data used in the system; 

(3) GIS cannot provide information beyond thc limitation ofthe dataset being 

used; 

(4) TrAILCo used certain datasets that are not capable of providing the 

information presented as fact in its Route Evaluation Report and 

Environment report ("TrAILCo Report'1); 
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(5) TrAILCo should have only used GIS as a preliminary analysis method in 

the TrAILCo report; 

(6) However, TrAILCo's preliminary analysis should have concluded that, due 

to the limited data sources required for this detailed analysis, aitemative 

data sources must be identified and/or field surveys must be conducted; and 

(7) It is thc premature issuance of the report -- before such findings from the 

field surveys were included in the report - lhat is the primary topic of 

concern to the Public Interest. 

Q. HAVE YOU REVIEWED THE REBUTTAL TESTIMONY OF JACK HALPERN? 

A. Yes, I have. 

Q. WHAT IS YOUR REACTION TO HALPERN'S OPPOSITION TO AN 

ENVIRONMENTAL IMPACT ASSESSMENT? 

A. In my original testimony, I advocated to the Pennsylvania Public Utility Commission (the 

''Commission") to require that this project adopt the Environmental Impact Assessment 

process. I urged for the Commission to mirror the analysis that is required: by the NEPA 

process as a best management practice. 

Q. WHAT DO YOU MEAN BY AN ENVIRONMENTAL IMPACT ASSESSMENT? 

A. Environmental Impact Assessment is a process; an Environmental Impact Statement is a 

document. If the Commission were to require TrAILCo to adopt this process, then 1 stated 

that it was my opinion and recommendation that the Commission require TrAILCo to 

follow the same level of scrutiny and analysis that a NEPA-style Environmental Impact 

Assessment process would require. 
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Q. IS THERE ANYTHING PROHIBITING THE COMMISSION FROM REQUIRING 

TRAILCO TO PERFORM AN ENVIRONMENTAL IMPACT ASSESSMENT? 

A. No- The Commission has apparent authority to require TrAILCo to complete an 

Environmental Impact Assessment process to effectuate the Commission's purpose and 

objectives. See generally 66 PA. CONS. STAT. ANN. § 501. 

Q. SHOULD THE COMMISSION REQUEST TRAILCO TO COMPLETE A SOCIO

ECONOMIC PROFILE OF THE COMMUNITIES AFFECTED BY THE TRAIL 

PROJECT? 

A. YeS- I believe it is the right thing to do for TrAILCo's environmental stewardship policy 

and for the Public Interest. I testified that it was appropriate for TrAILCo to perform a 

socio-economic profile of the study area in order to implement Environmental Justice in 

minority populations and low-income populations. 

Q. WHAT IS ENVIRONMENTAL JUSTICE? 

A. Environmental justice refers to the fair treatment and meaningful involvement of all 

people regardless of race, color, national origin, or income with respect to the 

development, implementation, and enforcement of environmental laws. Fair treatment 

means that minority and low-income groups should not bear a disproportionate share of 

the negative environmental impacts of government actions. (Bass, R.; 1998. Evaluating 

Envirumnenlal Justice Under ihe National Environmental Policy Act, Environmental 

Impact Assessment Review. 18(1) pp. 83-92.). 

Here the approval of the TrAILCo project by the Commission with the limited 

documentation provided would constitute a government action. 

Q. HAS THE CONCEPT OF ENVIRONMENTAL JUSTICE BEEN RECOGNIZED AS A 

LEGITIMATE REGULATORY CONCERN? 
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Yes. Environmental Justice as a term and concept has been adopted by thc Federal 

Government as part of the Environmental Impact Assessment process, as decreed by an 

Excculive Order (Executive Order 12898 - February 11, 1994). Executive Order 12898 

(E.O.) Section 1-1. Implememaiion. 1-101. Agency Responsibilities, states; 

To the greatest extent practicable and permitted by law, 
and consisient with the principles set forth [i]n the 
report on the National Performance Review, each 
Federal agency shall make achieving environmental 
justice pari of its mission by identifying and addressing, 
as appropriate, disproportionately high and adverse 
human health or environmental effects of its programs, 
policies, and activities on minority populations and 
low-income populations in the United States and its 
territories and possessions, the District of Columbia, the 
Commonwealth of Puerto Rico, and the 
Commonwealth of the Marian islands. 

Executive Order 12898 can be found at: http://www.epa.izov/fedreti/eo/eol2898.htm. 

Q. SHOULD THE COMMISSION REQUIRE TRAILCO TO COMPLY WITH THE 

PRINCIPLES OF ENVIRONMENTAL JUSTICE? 

A. Yes. The analysis called for in E.O. 12898 is the best policy practice and only way that 

can adequately address PA Code § 57.75(e)(2) [The safety ofthe proposed HV line] and 

§ 57.75(4) [The availability of reasonable alternative routes]. 

Q. SHOULD THE COMMISSION ADOPT TRAILCO'S APPARENT POSITION THAT 

SOCIO-ECONOMIC CONSIDERATION HAVE NO RELEVANCE? 

A. No. To ignore socio-economic data in an environmental report is illogical. Halpem stated 

that i![t]he route selection study consciously did not take into consideration demographic 

factors such as income or race: it was a "blind study" (Halpem 5-R at 9:11-12). Thus. 

Halpem essentially asserts that human beings are not part ofthe environment, and 

therefore, should not be examined as a critical component of environmental analysis. 
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Value judgments are inevitable in ail environmental analysis, which is why it is a 

best policy practice to include data and information about socio-economic conditions in 

TrAILCo's analysis. 

Below are some socio-economic indicators of Greene County, Pennsylvania. 

These data were collected by the Center of Rural Pennsylvania, a bipartisan, bicameral 

legislative agency that serves as a resource for rural policy within the Pennsylvania 

General Assembly. 

(1) Poverty Rate: 

• Greene County is the Pennsylvania County with the 3 r d highest poverty rate 
- 15.7% (est. 2004); 

• Greene County has the 2 n t l highest poverty rate amongst rural counties-
(Behind Fayette County (16.9%), which borders Greene County to the east 
and is only a few miles from the TrAlLCo project). 

(2) Educational Attainment: 

• 24.3% ofthe population does not have a high school education (PA state 
average: 18.1%). 

• 47.6% ofthe population has a high school diploma or equivalent (PA state 
average: 38.1%). 

• 15.9% have some college education or an Associates Degree (PA state 
average: 21.4%). 

• 12.2% have a Bachelor Degree or higher (PA stale average: 22.4%). 

Q. CAN GIS APPROPRIATELY EVALUATE ENVIRONMENTAL CONDITIONS 

WITHOUT FIELD INVESTIGATIONS? 

A. No. A GIS is one of many appropriate tools to use in environmental analysis. However, 

remote analysis of environmental conditions cannot be properly evaluated without field 

investigations. Please refer to earlier testimony and interrogatory responses regarding the 
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limitations of GIS and the documentation that describes limitations that accompanies all 

1 federally-produced datasets used as inputs into a GIS. 

^ Halpem states, 

4 
"It was used to identify major routing constraints, land uses and 

5 landscape features - uses for which GIS is most suited. Moreover, 
many of the detailed site specific concerns noted by ECC witness 

^ Hoch and others can only be clearly identified through field visits 
~l (with appropriate access rights), and many of these site specific 

impact concerns can be handled through design and engineering 
g solutions." 

9 TrAILCo Statement 5-R at 17:3-8. Here, Halpem acknowledges that many of the 

10 detailed concerns can only be addressed by field visits. He then states that site specific 

impact concerns can be handled through design and engineering solutions. This is 
12 

reiving on mitigation techniques without disclosure of potential impacts, as required by 
13 

§ 57.75(eX3). 
14 
1^ Halpern's use of GIS for siting purposes in seeking PUC approval over a dozen 

16 times merely equivocates the proper use ofthe datasets used in this evaluation and GIS in 

17 the TrAILCo process. 

Q. IS TIM GAUL'S STATEMENT THAT TRAILCO'S APPLICATION USING GIS 

INFORMATION REASONABLY REPRESENTS RELEVANT ENVIRONMENTAL 

CONDITIONS ACCURATE? 

A. No. Gaul stales that, 

19 

20 

21 

22 

23 :;dala sources are not presented as an absolute assessment of the 
features they represent, but rather as a reasonable representation 

24 that is suitable for use when comparing between planning 
alternatives at this scale." 

25 

26 
27 problematic. Gaul is essentially stating lhat the size of the project determines the relative 

28 size of what is to be, or not to be, considered as an area of concern. In this instance, Gaul 

TrAILCo Statement No. R-19 (Testimony of Gaul). Gaul's use of'scale' in this context is 
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allows the dataset to dictate what is relevant and what is not. This is not a preferable 

approach to environmemal analysis. What is best is to know what is relevant and seek the 

necessary data to investigate. Using Gaul's logic, as thc size of a project increases, the 

level of detail of areas of concern decreases. This is not proper research design. 

For example, if one was concerned with knowing how many feel of stream were to 

be potentially impacted by an activity, data required to fumish that precise informaiion 

must be collected at a scale that captures data at the 1 foot interval. 

In the TrAILCo report, the dataset used to identify surface waters was the National 

Hydrography Dataset. In earlier testimony I stated that the dataset was of a 1:100,000 

scale. Gaul asserts that the scale use was of 1:24,000 scale. I have not inspected the data 

to which Gaul refers. However, the use ofthe 1:24,000 scale data does not diminish any 

of my previous testimony. 

USGS 1:24,000 scale maps have a map to ground ratio of 1 inch representing 

2,000 feet on the ground with a 90% chance of any line falling within +/- 40 feet. 

The horizontal positional accuracy report of the metadata for the 1:24,000 National 

Hydrography Dataset (Hi-res NHD) states that the high-resolution NHD slightly decreases 

the positional accuracy ofthe USGS topographic quadrangle maps due to the digitization 

process. 

The Hi-res NHD metadata states. 

For horizontal accuracy, this standard is met if at least 90 percent of 
points tested are within 0.02 inch (at map scale) of the true position. 
Additional offsets to positions may have been introduced where 
feature density is high to improve the legibility of map symbols. In 
addition, the digitizing of maps is estimated to contain a horizontal 
positional error of less than or equal to 0.003 inch standard error (at 
map scale) in the two component directions relative to the source 
maps.] 
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This means thai the Hi-res NHD decreases the probability of horizontal posilional 
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Q-

A. 

accuracy by 6 feet (+/- 46 feel) then the probability ofthe horizontal positional accuracy 

ofthe standard, primed USGS 1:24,000 map product. 

Even with the high-resolution NHD data, streams shorter than 1 mile may not have 

been collected/captured. Further, lakes/ponds smaller than 6 acres were nol 

collected/captured. 

As stated in Hi-res NHD metadata, 

Features found on the ground may have been eliminated or 
generalized on the source map because of scale and legibility 
constraints. In general, streams longer than one mile 
(approximately 1.6 kilometers) were collected. Most streams that 
flow from a lake were collected regardless of their length. Only 
definite channels were collected so not all swamp/marsh features 
have stream/rivers delineated through them. Lake/ponds having an 
area greater than 6 acres were collected. Note, however, that these 
general rules were applied unevenly among maps during 
compilation. 

Hi-res NHD metadata document attached and located at: 

Hup://nhdgeo.usgs.aov/metadata/'nhd high.him (emphasis added). Both of these 

facts were verified by the U.S. Geological Survey National Hydrography Dataset 

User Support Desk. 

DO YOU HAVE ADDITIONAL CRITIQUES OF GAUL'S REBUTTAL? 

YQS. My additional critiques are as follows: 

• Page 9, Line 4: I believe that the report team did recognize the limitations of the NWI. 

This leads me to ask, why did the report not explicitly document these limitations 

about the dataset? Why were all of the metadata documents not referenced? 

• Page 9. Line 15 ("Thus, the absolute accounting of their presence and extent is more 

important at the detailed engineering design and permitting stage, not for route 

selection."): The decision to ignore any detailed analysis of impacts until the design 
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and permitting stage rather than during the route selection process is putting the cart 

before the horse. Leaving future mitigation of potential unknown impacts does not, in 

my opinion, address § 57.75(e)(3). Please refer lo my earlier testimony regarding the 

vintage ofthe NWI for the TrAILCo project area. 

• Page 9, Line 23 ("simplified analysis"): l l only requires simple analysis. The NWI is 

known to be an incomplete and unreliable data set. Its metadata lists ils limitations. 

Please refer to my original testimony. 

I fully recognize the role that wetland information plays in the standard route 

selection process. It is io be used as a broad, first look into documented and potential 

wetland sites. Only upon further extensive field review can all wetland sites be 

identified. The verification and identification of wetland sites must be identified 

before permitting is to occur. 

• Page 11, Lines 13-23: Here again, Gaul incorrectly uses scale in his investigation. 

Gaul states that, in reference lo the NLCD, "[ijt is a nationwide standard data source 

that is routinely used to characterize general land cover characteristics across 

landscapses." Id. The level of detail necessary for this type of environmental 

investigation is much greater than the -30 meter pixel resolution that the NLCD 

provides. GauPs use of the term 'landscape' is also problematic, as there is no scale-

definition of landscape that I am aware of. Please refer to the limitations of this 

dataset as documented in the metadata document attached lo my earlier testimony. 

• Page 11, Lines 4-11: The NHD metadata clearly states that streams shorter than 1 

mile may not have been collected/captured. It is, therefore, not possible to calculate 

the number of stream crossings — even for comparing between alternatives - without 

complete field inspection. 
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• Page 13. Lines 22-23: I agree that horizontal positional accuracy is very problematic 

in CIS datasets. Not only in the PaGWIS. but also in the other datasets used in the 

TrAILCo report. If TrAILCo was so reliant on the use of GIS datasets with 

problematic positional accuracy, why choose to not include the PaGWIS dataset of 

potential drinking water impacts? 

Q. DOES THIS CONCLUDE YOUR SURREBUTfAL? 

A. Yes. However. I reserve the right to file such additional testimony as may be necessary or 

appropriate. 
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ATTACHMENT ECC-VII-3-F 

2007 Public Service Commission of Virginia TrAIL Project 

2007 Pennsylvania Public Utility Commission TrAIL Project 

2007 Energy Resources Conservation Board 
(AB) 

North-South Project 

2007 State of Connecticut Siting Council Oxford Substation 

Docket 304 

2007 Scottish Ministers (UK) Beauly-Denny Transmission Line 

2006 • State of Connecticut Siting Council Best Management Practices 

Petition 754 

2006 Maine Public Utilities Commission Saco Bay Reinforcement Project 

Docket No. 2006-487 

2006 Public Service Commission ofthe 
District of Columbia 

Palmers Comers - Blue Plains 

Case 1044 

2006 State of Rhode Island and Providence 
Plantations Energy Facility Siting Board 

Southern Rhode Island Transmission Project 

Docket No. SB-2005-01 

2006 National Energy Board of Canada Juan de Fuca Project 

2006 Pennsylvania Public Utility Commission Wildwood Transmission Line 

DocketNo.A-11015QF0031 

2006 British Columbia Utilities Commission Nk'Mip 63/13 kV Substation & Osoyoos 63 kV Transmission 
line 

2006 State of Connecticut Siting Council Trumbull Substation 

Docket 317 

2005 State Office of Administrative Hearings 
(TX) 

Johnson-Porter Line 

SOAH Docket No. 473-04-7105 

Docket NO. 29420 

2005 State of New Jersey Board of Public 
Utilities Commissioners 

Cumberland Dennis 238-kV 

Evidentiary Hearing Docket No. EE04111374 

Public Service Commission of Maryland Urbana Loop Transmission Line 

CASE NO. 9018 

2004, 2005 State of Connecticut Siting Council Middletown-Norwalk Project 

Docket 272 

2004 State of Iowa Department of Commerce 
Utilities Board 

Council Bluffe to Grimes Transmission line 

DocketNos E-21521, E21622, E21645, E-21646, E-21625 

2003 State of Connecticut Siting Council Waterside Power Project 

Petition No. 617E 

2003 Rhode island Energy Facility Siting 
Board 

E183 Transmission Line Relocation Project 

TrPA-ECC-01018957 


