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Education:
1990
Ph.D., Environmental Statistics, Duke University 

1979
M.S., Environmental Toxicology and Statistics, University of Texas School of Public Health

1976
B.S., Magna cum laude, Biology with Honors, University of Houston

Professional Associations:
American Statistical Association

Society of Environmental Toxicology and Chemistry

Positions:

EcoStat, Inc., Mebane, NC 

2004 – ongoing
Chief Executive Officer. EcoStat Inc. is a small women-owned business specializing in the quantitative environmental and human health sciences. Areas of expertise include environmental risk assessment in air, water and terrestrial environments; statistics and data analysis in both human health and environmental sciences; data base development and management; computer programming; water and air quality permitting; quantitative toxicity test evaluation; terrestrial and water quality modeling and model validation; and chemical exposure modeling and model validation.


Example Clients: 3M, Dow Chemical, Syngenta Crop Science, private clients through attorneys, British Petroleum, US EPA Clean Air Markets Division, US EPA Office of Water, US EPA Office of Groundwater and Drinking Water, Bayer Crop Science, Department of Energy, Water Environment Research Foundation (WERF), Florida Power and Light, California Wind Energy Association (CalWEA), and NextEra Energy.

Social and Scientific Systems, Durham, NC 

2015 – 2016
Director of Biostatistics. Provide senior leadership in the statistical sciences and related quantitative disciplines applicable to public health research. These areas include (1) public and private clinical trials of new and existing pharmaceutical products, (2) analysis of epidemiological data including –omics studies, (3) statistical analysis of laboratory derived assay data, and (4) oversight of data operations and data management for clinical studies. Manage a group of approximately 40 individuals, in the areas of statistics, modeling, statistical programming, data base management, and analytics.

Clients: National Institute of Health, Center for Disease Control, Coast Guard, National Institute of Environmental Health Sciences, private biotech firms, and private pharmaceutical companies.
Cardno ENTRIX., Raleigh, NC 

2011 – 2015
Principal/Vice President/Technical Director/Biostatistics Practice Leader. Responsible for Cardno-wide intellectual leadership and business development in the quantitative sciences. Lead statistician for BP Gulf Oil Spill (Clean Water Act litigation, National Resource Damage Assessment litigation). Incrementally managed over 25 statisticians and scientists in the role of biostatistics practice leader.

Other clients: US Fish and Wildlife Service, Upper Neuse River Basin Association, Mosaic Fertilizer, Inpex Oil (Australia), Sidley Austin (Washington), Arnold and Porter (New York), and Duke Energy.
The Cadmus Group, Chapel Hill, NC

2003 - 2004
Vice President for Strategic Science Initiatives: Member of the Cadmus executive committee that provides overall business oversight and direction for the company; responsible for business management and development in human health and environmental sciences, strategic company planning, market forecasting, and intellectual leadership at the corporate level.  Technical areas of responsibility include human health and environmental risk assessment, modeling and statistics in the air quality sciences, and exposure and effects assessment in both human and ecological risk sciences.

Example clients: Government: EPA Office of Research and Development, EPA Office of Water, EPA Office of Air and Radiation, EPA Clean Air Markets Division, EPA Office of Ground Water and Drinking Water, Department of Energy, Corps of Engineers. Industry: 3M, Syngenta Crop Science, Bayer Crop Science, Aventis Crop Science, City of Cary, NC, Weyerhaeuser Pulp and Paper, American Chemistry Council, CEFIC, Water Environment Research Foundation (WERF), American Metropolitan and Sewage Association (AMSA), Utility Water Act Group.

1997 - 2003
Vice President and Group Manager: Responsible for business development, business management, and personnel management in the ecological risk sciences, statistics, and engineering; manager of the Cadmus North Carolina office; responsible for offices in Ottawa, Ontario, Canada, Oak Ridge, TN, Laramie, WY, Springfield, MA, and Cincinnati, OH; Managed over 60 scientists, statisticians, and engineers; developed both a government and private client practice; responsible for group-level contracts, budgets, legal issues, and personnel issues.  Responsible for over 100 projects in the human and environmental risk sciences, and air quality.

1991 - 1997
Principal Scientist: responsible for business development and personnel management in the ecological risk sciences, statistics, and engineering; manager of the Cadmus North Carolina office and four other offices in the US and Canada.

Kilkelly Environmental Associates, Raleigh, NC

1988 - 1991
Senior Scientist: responsible for data analysis and statistical assessments of environmental exposure and effects data; worked with EPA’s Corvallis Laboratory to develop EPA’s first risk assessment documents including the development of assessment and measurement endpoint concepts; published well received papers on toxicity test variability; worked with EPA’s Acid Rain Division to develop the Acid Rain rules for utility emissions of SO2, NOx CO2, and particulates.

Carolina Power and Light Company, Raleigh, NC

1982 - 1988
Senior Statistician: supported over 60 biologists in the assessment of impacts to biota at CP&L’s nuclear and coal-fired power plants; generated survey designs, performed statistical analyses, participated in on-site sample collection activities, and generated reports to State and Federal agencies; developed thousands of lines of code in SAS and Fortran for the statistical assessment of environmental data.

TRW Environmental, RTP, NC

1980 - 1982
Engineer: supported EPA’s Office of Air Quality Policy and Standards (OAQPS) in running air quality models, setting of NAAQS values, and PSD permit development.

Duke University Center for Demographic Studies

1977 - 1985
Programmer and Statistician: developed maximum likelihood statistical models of longitudinal cancer trends over various demographic groups and geographical areas of the US; developed program code in Fortran, IBM assembly language, and Basic.

Professional Highlights
· Over 34 years of experience supporting industry, government programs, academic institutions, and research initiatives in water, air, and terrestrial environments. Areas include development of statistical analysis of water, air, biota, and groundwater data; NRDA studies; exposure and effects data analysis, risk assessment methods and procedures development, evaluation of toxicity data for both terrestrial and aquatic species, criteria development, development and implementation of regulations, overall support of programmatic goals and objectives, formal research activities, analysis of avian survey measurements, development collision risk assessment methods and models for the wind industry. 
· Manager of over 300 projects for industry and government resulting in numerous reports, conference proceedings, and peer-reviewed publications in the areas of NRD litigation, wind power, water quality, air quality, environmental statistics, epidemiology studies, probabilistic risk analysis, watershed assessment, bioassessment, and Bayesian decision and inference.

· Initiated and developed four individual businesses within existing firms: (1) air quality division The Cadmus Group, (2) risk assessment division The Cadmus Group, (3) statistics group Cardno ENTRIX, (4) Biostatistics Center within Social and Scientific Systems.
· Originated, managed, and maintained EcoStat, Inc., a small business working with both industry and government.

· EPA Science Advisory Board: Ecological Risk Assessment of PCB Impacts, Kalamazoo River, Michigan.
· Statistical support to Dow Chemical: Tittabawassee River Risk Assessment. Evaluation of risk to avian species.
· Fish and Wildlife Service Science Advisory Board: Evaluation of PCB toxicity on the Hudson River, NY: Evaluation of Laboratory Toxicity Tests.
· Fish and Wildlife Service Science Advisory Board: Evaluation of PCB toxicity on the Hudson River, NY: Evaluation of PCB Effects on Mink.
· Fish and Wildlife Service, State of Michigan, EPA- Science Advisory Board: Evaluation of PCB toxicity to avian species on the Hudson River, NY.
· Invited panel member of the National Wind Coordination Committee (NWCC), Risk Assessment Workgroup.
· Invited speaker and associated lead chapter author of six SETAC Pellston Conferences including Sediment Risk Assessment, Multiple Stressors (steering committee member), Probabilistic Risk Assessment of Pesticides, Whole Effluent Toxicity Testing, Uncertainty Analysis In Ecological Risk Assessment (chair, lead editor, lead conference organizer, and creator), and Pesticide Risk Assessment for Pollinators.
· Instructor and creator of a continuing education course sponsored by the Duke University School of the Environment entitled New Advances in Quantitative Ecological Risk Assessment. Invited speaker in the School of the Environment at Duke University in the areas of risk assessment, data analysis, probability, and ecological modeling.

· Invited panel member and reviewer of the EPA Framework Document For Ecological Risk Assessment, The Superfund Risk Assessment Guidance Document, and the Canadian Risk Assessment Guidance Document for New Substances.

· Lead consulting statistician supporting the majority of the EPA Acid Rain Division’s (now the Clean Air Markets Division) regulatory development activities under the 1990 Clean Air Act Amendments. 

· Project manager for major research initiatives including: ecological risk assessment methods and software (WERF), assessments of whole effluent toxicity test variability (WERF), site-specific nutrient criteria, development of risk assessment methods for DOE sites (DOE EM-6), state-of-the-science in ecological risk assessment uncertainty methods (American Chemical Society), and case studies in ecological risk assessment (CEFIC Long-term Research Initiatives).

· Lead statistician for British Petroleum on the Deepwater Horizon Oil Spill in the Gulf of Mexico.

· Developer of Using Monte Carlo Analysis In The Probabilistic Risk Assessment of Pesticides, a course in uncertainty analysis methods that was given multiple times to EPA’s Office of Pesticide Programs (OPP), individual chemical companies, and industry coalitions. Created courses in statistics and probability for Environment Canada’s Priority Substances Assessment Program. Developer of courses at Duke University and SETAC in decision sciences, statistics, and probabilistic risk assessment.

· Lead statistician to the Federal Insecticide, Fungicide and Rodenticide Act Environmental Model Validation Task Force (FEMVTF) Statistics Committee in conducting an uncertainty analysis of the PRZM3.12 model.

· Lead statistician supporting 316(b) studies for the assessment of fish entrainment at the Brunswick nuclear power plant, Duke Energy.

· Over 50 platform and poster presentations at NWCC, SETAC, and SOT annual meetings. Frequent invited session chair and speaker at conferences, symposium, and ASTM meetings.

CLASSES TAUGHT

Decision-Making Under Uncertainty – Bayesian Inference. 2016. Seminar Series. Law Seminars International. 

New Advances in Ecological Risk Assessment: July 2008. Duke University, School of the Environment, Durham, NC.

Statistical Methods for Water Quality Data Analysis. March 2008. U.S. EPA Region 5. Chicago, Ill.

Bayesian Statistics for Dummies. With Tom Aldenberg. November 2004. Portland, Oregon.

Statistics MTH 112. Fall Semester. 2004. Elon University, Elon, NC.

New Advances in Ecological Risk Assessment: June 2004. Duke University, School of the Environment, Durham, NC.

Methods (Old and New) in Probabilistic Ecological Risk Assessment. April 2004. SETAC Europe Annual Meeting Short Course, Prague, Czech Republic.

Methods (Old and New) in Probabilistic Ecological Risk Assessment. November 2003. SETAC Annual Meeting Short Course, Austin, TX.

Technical Approaches to Setting Site-specific Nutrient Criteria. September 2002. Water Environment Federation, Chicago, IL. 

Using Monte Carlo Analysis in the Probabilistic Risk Assessment of Pesticides. June 2002. Syngenta, Jealott’s Hill Research Station, Jealott’s Hill, England.

Uncertainty Analysis. Duke University School of Engineering. Spring Semester 2001. Durham, NC.

Using Monte Carlo Analysis in the Probabilistic Risk Assessment of Pesticides. November 2001. Syngenta, Greensboro, NC.

Using Monte Carlo Analysis in the Probabilistic Risk Assessment of Pesticides. July 2001. American Crop Protection Association, Baltimore, MD.

Using Monte Carlo Analysis in the Probabilistic Risk Assessment of Pesticides. January 2001. EPA Office of Pesticide Programs, Washington, DC.

Using Monte Carlo Analysis in the Probabilistic Risk Assessment of Pesticides. March 2000. EPA Office of Pesticide Programs, Washington, D.C.

New Advances in Ecological Risk Assessment: April 2002. Duke University, School of the Environment, Durham, NC.

Advanced Topics in Ecological Risk Assessment: March 1999. Duke University, School of the Environment, Durham, NC.

Uncertainty Analysis in Ecological Risk Assessment. 1998. SETAC Annual Meeting, Charlotte, NC

Advanced Topics in Ecological Risk Assessment: March 1998. Duke University, School of the Environment, Durham, NC.

Statistics Course. April,1997. Priority Substances Assessment Program. Environment Canada. Hull, Ontario, Canada.

Advanced Topics in Ecological Risk Assessment: March 1997. Duke University, School of the Environment, Durham, NC.

Uncertainty Analysis in Ecological Risk Assessment. 1996. SETAC Annual Meeting, Washington, DC. 

Aquatic Ecological Risk Assessment: Methods for Screening-Level and Probabilistic Risk Assessments. November 1996. Sponsored by the Water Environment Federation. Washington, DC. 

Advanced Topics in Ecological Risk Assessment: February 1996. Duke University, School of the Environment, Durham, NC.

Invited Lectures: Overview of Ecological Risk Assessment. Spring 1995. Course title: Environmental Risk Assessment and Decision Making. Duke University, School of the Environment, Durham, NC.

Aquatic Ecological Risk Assessment: April 1995. Duke University, School of the Environment, Durham, NC.

Invited Lectures: Risk Assessment Methods in Water Quality. Spring 1993. Course title: Environmental Risk Assessment and Decision Making. Duke University, School of the Environment, Durham, NC.

Invited Lectures: Risk Assessment Methods in Water Quality. Spring 1992. Course title: Environmental Risk Assessment and Decision Making. Duke University, School of the Environment, Durham, NC.

Invited Lectures: Risk Assessment Methods in Water Quality. Spring 1992. Short course: Environmental Risk Assessment. Duke University Continuing Education Series, Duke University, Durham, NC.

Invited Lecture: Variability of Biological Endpoints and Effects on Standard Setting. Fall 1991. Course title: Environmental Toxicology. Duke University, School of the Environment, Durham, NC.

Regression Analysis, With Laboratory. Spring Semesters 1986-1988. Duke University, School of Environmental Sciences, Durham, NC.

Graduate Student Committee Assignments

Eric Thirolle, M.S.: Thesis title: Guidance for the selection and use of exposure models in ecological risk assessment. Duke University School of the Environment. 1996.

Tom Stockton, Ph.D. Thesis title: Using Bayesian MARS methods for assessing acid deposition. Duke University School of the Environment. 1998.

PRESENTATIONS

Warren-Hicks, W. J. Role of Statistics in Litigation. 2019. Law Seminars Institute. Albuquerque, New Mexico.
Warren-Hicks, W. J., Bohrmann, T., Robbins, K., 2013. Geospatial Modeling: Don’t Take Your GIS Statistics Software for Granted. SETAC National Conference.  Nashville, TN.

Warren-Hicks, W. J. and S. Bartell. 2009. Models Versus Data. Invited Presentation. SETAC Debate Series. SETAC National Conference. New Orleans, LA.

Kravits, M., Eskew, D., Warren-Hicks, W. J. 2008 Application of the Stressor Identification (SI) Methodology to a Contaminated Floodplain and Adjacent Irrigated Meadows – Upper Arkansas River, Colorado Case Study. SETAC Annual Meeting, Tampa, Fl.

Zillioux, E. J., Newman, J. R., Warren-Hicks, W. J. 2008. Ranking Wildlife Risks from Multiple Anthropogenic Stressors. SETAC Annual Meeting, Tampa, Fl.

Giddings, J., and Warren-Hicks, W. J. 2008. Developing a plant-based chronic water quality standard for acetochlor. SETAC Annual Meeting, Tampa, Fl.

Warren-Hicks, W. J. 2006. Chair: The Future of Environmental Statistics and Ecological Modeling. SETAC Annual Meeting, Montreal, Canada.

Arnold, R.W, and Warren-Hicks, W. J. Site-specific, Regional, or National Metals Criteria? – A Case Study With Cu In San Francisco Bay. 2005. SETAC Annual Meeting, Baltimore, MD.

Warren-Hicks, W. J., Parkhurst, B. R. 2003. Whole Effluent Toxicity Tests: Using Bayesian Methods To Calculate Model-Based Endpoint Variability. SETAC Annual Meeting, Austin, TX.

Parkhurst, B. R., Warren-Hicks, W. J. 2003. Alternatives to EPA’s Methods for Calculating Reasonable Potential for WET: Case Studies. SETAC Annual Meeting, Austin, TX.

Giddings, J. M., Gonzalez-Valero, J. F., Warren-Hicks, W. J. 2003. Exposure Duration and Effects of Atrazine on Aquatic Plant Communities in Mesocosms. SETAC Annual Meeting, Austin, TX.

Giddings, J. M., Gonzalez-Valero, J. F., Warren-Hicks, W. J. 2003. Integrating Dose-Response With Species Sensitivity Distributions. SETAC Annual Meeting, Austin, TX.

Warren-Hicks, W. J. 2003. Statistical Methods and Approaches in Risk Assessment: Lessons Learned. Invited Address. SETAC European Congress, Hamburg, Germany.

Warren-Hicks, W. J., Parkhurst, B.P., Beach, S., Butenhoff, J., Giesy, J. 2002. Understanding the Global Distribution and Environmental Effects of PFOS. Society of Toxicology Annual Meeting. Salt Lake City, Utah.

Warren-Hicks, W. J., Qian, S., Dobbs, M. 2002. Species Sensitivity Distributions in Non-Target Plant Risk Assessments. Society of Toxicology Annual Meeting. Salt Lake City, Utah.

Dobbs, M. G., Ramanarayanan, T. S., Warren-Hicks, W. J., Qian, S., Giddings, J. M., Kelly, I.D., Allen, R., Fischer, R.W. 2002. Assessing the risk to non-target crops through irrigation water. Society of Toxicology Annual Meeting. Salt Lake City, Utah.

Parkhurst, B. P., Warren-Hicks, W. J., Bartell, S., Smart, M. 2002. Site-Specific Nutrient Criteria: An Alternative To US EPA Nutrient Criteria. Society of Toxicology Annual Meeting. Salt Lake City, Utah.

Parkhurst, B. P., Warren-Hicks, W. J., Bartell, S., Smart, M. 2002. Site-Specific Nutrient Criteria: An Alternative To US EPA Nutrient Criteria. Water Environment Federation Annual Meeting. Chicago, IL.

Warren-Hicks, W. J., Santoro, M., Bacon, D., Parkhurst, B. P., Moore, D. J. 2001. Ecological Risk Assessment of PFOS. Invited Address. Society of Toxicology and Chemistry World Congress. Baltimore, Maryland.

Warren-Hicks, W. J., Carbone, J.P., Havens, P. 2001. Using Monte Carlo Techniques to Judge Model Prediction Accuracy: Validation of PRZM 3.1. Society of Toxicology and Chemistry World Congress. Baltimore, MD.

Carbone, J. P., Havens, P., Warren-Hicks, W. J. 2001. Validation of a Complex Fate and Transport Model. Model Accuracy and Regulatory Criteria. Society of Toxicology and Chemistry World Congress. Baltimore.

Salvito, D. T., Allen H. E., Parkhurst, B. R., Warren-Hicks, W. J. 2001. Comparison of Trace Metals in the Intake of Discharge Water of Power Plants Using “Clean” Techniques. Water Environment Research. Vol 73, No. 1, 24-29.
Dobbs, M., R, Ramanarayanan, T., Warren-Hicks, W. J. 2001. The Risk of Balance To Non-Target Plants. Society of Toxicology and Chemistry World Congress. Baltimore, Maryland.

Warren-Hicks, W. J., Santoro, M., Bacon, D. Parkhurst, B.P., Moore. D.J. 2000. Understanding the Global Distribution and Environmental Effects of PFOS. SETAC Annual Meeting. Nashville, TN.

Warren-Hicks, W. J., Wolpert, R. L. 2000. Estimating national distributions of Giardia and Cryptosporidium in the U.S. with Hierarchical Bayesian models. Third SETAC World Congress. Brighton, United Kingdom.

Warren-Hicks, W. J. 2000. Propagating Uncertainty In Non-Hierarchal Models. SETAC Annual Meeting. Nashville, TN.

Warren-Hicks, W. J., Moore, D. 2000. Uncertainty Analysis In Ecological Risk Assessment: American Chemistry Council and CEFIC Long-Range Research Initiatives. SETAC Annual Meeting. Nashville, TN.

Warren-Hicks, W. J., Biddinger, G. 1999. Debates In Ecological Risk Assessment. Chair. Society of Toxicology and Chemistry World Congress. Philadelphia, PA.

Warren-Hicks, W. J., Moore, D. 1999. Beyond Monte Carlo. Invited Address. Society of Toxicology and Chemistry World Congress. Philadelphia, PA.

Warren-Hicks, W. J., Parkhurst, B. R., Moore. D. R. J. 1999. Whole Effluent Toxicity Test Variability: A Variance Components Analysis. Water Environment Federation Annual Meeting.

Moore, D. R. J., R. S. Teed, W. J. Warren-Hicks, B. R. Parkhurst, R. B. Berger, J. J. Pletl, D. L. Denton, R. B. Baird. 1999. Intra- and Inter-treatment variance in reference toxicant tests. 20th Annual Society of Environmental Toxicology and Chemistry Conference.

Warren-Hicks, W. J., Parkhurst, B. R., Moore, D., Berger, B., Pletl, J., Denton, D., Baird, R. 1999. Whole Effluent Toxicity Test Variability: A Variance Components Analysis. Society of Toxicology and Chemistry World Congress. Philadelphia, PA.

Parkhurst, B. R., Warren-Hicks, W. J., Moore, D., Berger, B., Pletl, J., Denton, D., Baird, R.1999. WET Test Variability: Demonstration of Effects on Compliance with WET.

Warren-Hicks, W. J., Moore, D. 1999. Uncertainty Analysis: With Examples From the Chemical Industry. Society of Toxicology and Chemistry World Congress. Philadelphia, PA.

Carbone, J. P., Havens, P., Warren-Hicks, W. J. 1999. A Critical Evaluation of PRZM3.12 Estimated Environmental Concentrations Accounting For The Uncertainty Associated With Measured Environmental Fate Data and Model Inputs. Society of Toxicology and Chemistry World Congress. Philadelphia, PA.

Teed, R. S., Qian, S. Warren-Hicks, W. J. 1999. Examination Of The Spatial Relationship and Interaction of Selected Environmental Parameters To Mercury Concentration In Fish Tissue in the Northeastern United States. Society of Toxicology and Chemistry World Congress. Philadelphia, PA.

Warren-Hicks, W. J., Biddinger, G. 1998. Debates In Ecological Risk Assessment. Chair. Society of Toxicology and Chemistry World Congress. Charlotte, NC.

Warren-Hicks, W. J., Solomon, K. R. R., Gentile J. H., Butcher, J., Ratner, B.A. 1998. Linking Stressors and Ecological Responses. Society of Toxicology and Chemistry Annual Meeting. Charlotte, NC.

Warren-Hicks, W. J., B. Parkhurst. 1995. Review of EPA’s Framework for Ecological Risk Assessment. Invited Address. Colloquium on Developing an EPA Ecological Assessment Guidelines.

Warren-Hicks, W. J., B. Parkhurst. 1995. The Role of Laboratory Selection in Passing Toxicity Tests and Conducting Toxicity Reduction Evaluations. Presented at the Water Environment Federation's Conference: Toxic Substances in Water Environments. Cincinnati, Ohio. May 14 B 17.

Warren-Hicks, W. J., 1995. Uncertainty in Ecological Risk Assessment: A Review of the 1995 Pellston Conference. Second Society of Toxicology and Chemistry World Congress. Vancouver, British Columbia, Canada. November 6B10.

Warren-Hicks, W. J., 1995. Variability of Chronic Toxicity Tests. Invited Address. Presented at the 75th N.C. American Waste Water Association Conference. Greensboro, North Carolina. November 13.

Parkhurst, B. P., Warren-Hicks, W. J., 1994. The Role of Laboratory Selection in Passing Toxicity Tests and Conducting Toxicity Reduction Evaluations. Presented at Water Environment Federation 1994. Chicago, Illinois. October 15B19.

Warren-Hicks, W. 1994. The Role of Laboratory Selection in Passing Toxicity Tests and Conducting Toxicity Reduction Evaluations. Presented at the SETAC Ecological Risk: Science, Policy, Law, and Perception Conference. Denver, Colorado. October 30BNovember 3.

Warren-Hicks, W. J. 1992. The Use of Bayesian Inference in Environmental Assessments and Decision-Making: Explanation of Theory and Case Study Examples. Invited Presentation. Atmospheric Environmental Research Laboratory, Research Triangle Park, NC.

Parkhurst, B. R., W. J. Warren-Hicks. 1988. What is the Role of Environmental Toxicology In Assessing the Ecological Impacts of Superfund Sites? Presented at the Ninth Annual Meeting of the Society of Environmental Toxicology and Chemistry. Arlington, VA. November13 B 17.
Expert Witness Support

Technical Expert, and possible Testifying Expert. Natural Resource Damage Assessment. Passaic River. 2018 - ongoing. Lead statistician for U.S. Department of Justice. 

Technical Expert, and possible Testifying Expert. Natural Resource Damage Assessment. Portland Harbor Superfund Site. 2018 - ongoing. Lead statistician for U.S. Department of Justice. 

Technical Expert, and possible Testifying Expert. Effect of Fluorocarbons on Human Health. State of Ohio Attorney General’s Office. Lead Attorneys: Kelley Drye, Houston Texas. 2018 - ongoing. 
Technical Expert, and possible Testifying Expert. California ZEV regulations. 2018 - ongoing. Project leader of a multi-company consultant group. Client: private client. Attorneys: Justin Savage, Jim Wedeking, Sidley Austin, Washington, DC. 

Testifying Expert and Technical Expert. Butte Fire. 2017. Statistical assessment of the number of trees destroyed. Client: private client. Attorneys: Kenneth Chiate, Quinn Emanuel Urquhart & Sullivan. Los Angeles, CA.

Testifying Expert and Technical Expert. Rancho Guejito Witch Creek Fire. 2013. Statistical assessment of the number of trees destroyed. Mediated Settlement. Client: private client. Attorneys: Kenneth Chiate, Quinn Emanuel Urquhart & Sullivan. Los Angeles, CA.

Technical Expert, and possible Testifying Expert. Deep Water Horizon Oil Spill. 2011 – 2014. Lead statistical consultant working with attorneys on the Natural Resource Damage Assessment. Client: British Petroleum. Internal Attorney: Jean Martin. External Attorneys: Nelson Johnson, Brian Israel, Brett Marston, Arnold & Porter, New York, New York.

Technical Expert, and possible Testifying Expert. Tittabawassee River NRDA. 2016 – ongoing. Lead statistical consultant working with attorneys on the Natural Resource Damage Assessment. Client: Dow Chemical. External Attorneys: Brett Marston, Arnold & Porter.
Technical Expert, and possible Testifying Expert. Summary of Opinion: Evaluation of Global Climate Change Models. 2011. US District Court Northern District of California, San Francisco Division. Attorneys: David Buente, Jim Wedeking, Sidley Austin, Washington, DC.

City of Phoenix, AZ, 1991: Testimony before Arizona Department of Environmental Quality on water quality standards. Also, testimony before US EPA hearing on whole effluent toxicity issues. Regulatory programs manager: Bob Hollander (602) 534-1358.

Pima County Wastewater Management District, 1991: Testimony at US EPA public hearing on whole effluent toxicity issues. Pima County Attorney: Harlan Agnew (520)-740-5571.

Eauchee Marina V. Union Carbide, 1994: Deposition on the effect of sediment mercury on fish population decline in the Tennessee River. Butler, Vines, and Babb; Knoxville, TN

Florida Pulp & Paper Association, 1995: Deposition on Florida whole effluent toxicity test regulations. Attorneys: Terry Cole and Segundo Fernandez. Oertel, Hoffmann, Fernandez and Cole, Tallahassee, FL (904) 877-0099.

Boise Cascade, 1995: Testimony at public hearing held in International Falls, MN. Appeared before a public hearing held in a local high school on behalf of Boise Cascade. Statistically evaluated the effect of water level on fish reproductive success in a northern Minnesota reservoir.  The project was initiated in response to public concern about the decline of fishing in the reservoir. 

Gold Kist, 2003: Investigated the effects of the Gold Kist Trussville, AL, wastewater treatment plant effluent on water quality and biology in the Unnamed Creek and the Cahaba River. D. Attorney: Bart Turner, Maynard, Cooper & Gale, P.C. 2400 AmSouth/Harbert Plaza, 1901 Sixth Avenue North, Birmingham, AL 35203-2618, (205) 254-1238.

Contract Management (EPA - Level of Effort Type)

Program Manager: Mission Support for Clean Air Markets and Related Environmental Programs. EP-W-09-017. Value: $19.4 million. 2009 to 2013. No of subcontractors: 6.
Program Manager: Support for Water Quality Standards, Assessment of Human Health, and Aquatic Life Exposure Risks. Standards and Applied Science Division (SASD), Office of Science and Technology (OST). Contract No. 68-C4-0051. Value: $5.6 million. 1994 to 1999. No. of work assignments: 45. No of subcontractors: 9.

Program Manager: Technical Support to the Office of Ecological Processes and Effects Research (OEPER). Contract No. 68-D9-0052. Value: $3 million. 1989 to 1991. No. of work assignments: 16. No. of subcontractors: 10.

Program Manager: Mission Support for the Clean Air Markets and Related Environmental Programs. Contract No. PR-HQ-07-12709. Value: $19.4 million. 2009. No. of subcontractors: 10.

SELECTED PUBLICATIONS

Kishi T., Warren-Hicks, WJ, Bayat, N. Targoff, I., Huber, A., Ward, M., Rider, L., with the Childhood Myositis Heterogeneity Study Group7. In review 2019. Cortiocosteroid Discontinuation, Complete Clinical Response, and Remission in Juvenile Dermatomyositis. Journal of Rheumatology. 
Kishi T, Bayat N, Ward MM, Huber AM, Wu L, Mamyrova G, Targoff IN, Warren-Hicks W.J., Miller FW, Rider LG, for the Childhood Myositis Heterogeneity Study Group. (2018). Medications Received by Patients with Juvenile Dermatomyositis.  Seminars Arthritis and Rheumatism. Mar 28. pii: S0049-0172(17)30753-9. doi: 10.1016/j.semarthrit.2018.03.016. [Epub ahead of print]. PMID: 29773230, PMCID PMC6162169.

Kishi T, Warren-Hicks W.J., Ward M, Bayat N, Wu L, Mamyrova G, N. Targoff I, Miller F, Rider LG. (2017). Predictors of Corticosteroid Discontinuation, Complete Clinical Response and Remission in Patients with Juvenile Dermatomyositis]. Arthritis Rheumatol. 2017; 69 (suppl 4). http://acrabstracts.org/abstract/predictors-of-corticosteroid-discontinuation-complete-clinical-response-and-remission-in-patients-with-juvenile-dermatomyositis/. 

          

Kishi T, Wilkerson J, Smith M, Bayat N, Henrickson M, Lang B, Passo M, Miller FW, Ward M, Rider LG. Early Treatment with Intravenous Pulse Methylprednisolone or Methotrexate Is Associated with Decreased Medication Requirements at 12 and 24 Months in Patients with Juvenile Dermatomyositis: A Propensity Score Analysis [abstract]. Arthritis Rheumatol. 2018; 70 (suppl 9). https://acrabstracts.org/abstract/early-treatment-with-intravenous-pulse-methylprednisolone-or-methotrexate-is-associated-with-decreased-medication-requirements-at-12-and-24-months-in-patients-with-juvenile-dermatomyositis-a-propensi/.

Kishi T, Warren-Hicks W, Ward M, Bayat N, Wu L, Mamyrova G, N. Targoff I, Miller F, Rider LG. Predictors of Corticosteroid Discontinuation, Complete Clinical Response and Remission in Patients with Juvenile Dermatomyositis [abstract]. Arthritis Rheumatol. 2018; 70 (suppl 9). https://acrabstracts.org/abstract/predictors-of-corticosteroid-discontinuation-complete-clinical-response-and-remission-in-patients-with-juvenile-dermatomyositis/.

Warren-Hicks, W. J., Vlietstra, L. S., Gordon, C. 2019 In review. A new offshore avian collision risk model that incorporates behavioral avoidance and formal uncertainty analysis. 

Warren-Hicks, W. J., Meinke, C. 2019 In review. Probability-based collision risk model for estimation of Indiana Bat Mortality.

Warren-Hicks, W. J., Song, Q. 2019 In review. Bayesian methods for estimation of avian survey error rates at the Altamont Wind Resources Area.
Schwede, D., Bowker, G., Warren-Hicks, W. J. 2011. Quality Assurance Decisions with Air Models: A Case Study of Imputation of Missing Input Data Using EPA’s Multi-Layer Model. Water, Air, and Soil Pollution. Vol. 222, pps. 391-402.

Warren-Hicks, W. J., and Hart, A. eds., 2010. Application of Uncertainty Analysis to Ecological Risks of Pesticides. Taylor & Francis, New York, New York.

Warren-Hicks, W. J., S. Qian, J. Toll, D. L. Fischer, E. Fite, W. G. Landis, M. Hamer, and E. P. Smith. Monte Carlo, Bayesian Monte Carlo, and First-Order Error Analysis. 2010. In Application of Uncertainty Analysis to Ecological Risks of Pesticides.  Eds. W. J. Warren-Hicks and A. Hart. Taylor & Francis, New York, New York.
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Selected Projects
The following projects were managed or directed by Dr. Warren-Hicks over the last 20 years. The projects are grouped into environmental, air quality, human health sciences, global climate change, wind energy, and expert witness support. Additional project descriptions are available upon request. The following projects are selected to provide a broad overview of the quantitative areas in which Dr. Warren-Hicks has worked and published.
Science Projects
Statistical Analysis of Environmental Effects of Oil in the Gulf of Mexico. Dr. Warren-Hicks lead the statistical analysis of oil impacts to ecological systems in the Gulf of Mexico. Analyses include (1) evaluation of fish abundance changes over time; (2) evaluation of spatial and temporal changes in abundance of oysters, crabs, and shellfish; (3) estimation of tPAH concentrations in offshore systems; (4) estimation of changes in commercial catch; (4) estimation of toxic potential; and, estimation of spatial and temporal sediment toxicity distributions. Both Bayesian and frequentist models were developed and refined. Dr. Warren-Hicks is responsible for hiring of statistical staff, oversight of all statistical analyses, communication of results, generation of statistical models, and presentation of outputs in peer-reviewable publications.
Analysis of Fisheries Data for Carolina Power and Light Co.  Dr. Warren-Hicks was the senior statistician for the Biological Unit of Carolina Power and Light Co, located in Raleigh NC. He was responsible for the statistical analysis of long-term and spatially diverse fisheries data collected from CP&L's six cooling reservoirs.  For example, he assessed the degree of impingement and entrainment, time-series trends, and spatial differences of young-of-the year, juvenile, and adult fish as a function of cooling water impacts of CP&L's Brunswick Nuclear Power Plant in the Cape Fear Estuary of North Carolina.  He was the lead statistician for assessment of impingement and entrainment studies conducted under the 316(B) provisions. The biological endpoints for the analysis included survival of adult and young-of-the year fish, toxicity data, trapping data from a variety of net types and sizes, and special fisheries studies.  The analyses were used for environmental monitoring reports to State and Federal agencies, special studies, and licensing petitions.  For example, Dr. Warren-Hicks was responsible for showing that cool-down waters discharged from CP&L's Brunswick nuclear power plant did not impact the fish populations in the estuary.  Dr. Warren-Hicks showed that the amount of impingement and entrainment of juvenile fish that occurred with the use of flow-through cooling systems would not impact the growth and reproduction of fish populations in the estuarine system from which the cooling water was drawn.  Dr. Warren-Hicks provided the lead statistical support to CP&L's biological activities for over six years.

Dr. Warren-Hicks was the lead statistician to Progress Energy (formally CP&L) for the assessment of current 316(B) regulations using historical impingement and entrainment monitoring studies conducted at the Brunswick Nuclear Power Facility. Dr. Warren-Hicks redesigned the Progress Energy data retrieval systems, moving the mainframe systems to a personal computer environment. Much of the old code developed in the 1980's was rewritten. Dr. Warren-Hicks is working closely with Progress Energy Staff to provide statistical analysis of long-term fisheries population and density estimates within the constraints of the 316(b) regulations. He has submitted a proposal to Progress Energy for the complete redesign of their data tracking, quality assurance, data storage, and data analysis procedures.
Statistical Analysis of Dredging Effects: Darwin Bay, Australia. Dr. Warren-Hicks lead the statistical analysis of the effects of dredging on the Darwin Bay, Australia ecosystem. Statistical analysis of the effects of light attenuation and sedimentation on coral, recreational fishing, mangroves, seagrass, and benthos in Darwin Bay are currently underway. Statistical models include time-series models, spatial statistical models, spatial geo-statistical models, Bayesian hierarchical models, and mixed effects linear models. The results of the statistical analysis are submitted to the Australian EPA and regional government managers. The statistical outputs are used to plan future monitoring activities, as well as judge impact of the dredging operations.
Design of a National Sample of Products With Energy Star Labels. For EPA’s Energy Star Program, Dr. Warren-Hicks designed a national survey of products with Energy Star Labels.  The objective of the survey was to select and test specific products for the purpose of identifying the rate at which the products do not meet the standard under which they received the label.  Some products were performance-tested by industry trade groups that conduct random testing on products.  Other products, however, were not generally tested by independent testing agencies, and therefore EPA did not have information on which to judge their failure rate. For those products, EPA required a national survey design that had a high chance of finding product failures. Dr. Warren-Hicks designed and implemented a survey framework which consisted of the following steps: (1) creation of explicit and definitive statements of the questions that will be asked of the resulting data, (2) examination of existing information (or pilot survey data) that will provide insight into the design of the survey, and (3) development of the sampling procedures including selection of strata, estimation of sample size for particular levels of confidence, procedures for selecting individual products to test, and selection of specific data analysis methods that are, at least initially, intended for use with the resulting survey information. 

Drinking Water Needs Survey.  Dr. Warren-Hicks was the lead statistical consultant in the design of a national survey of drinking water systems.  The data generated during the survey was used to allocate Federal funds for improving the existing drinking water systems as mandated under the Safe Drinking Water Act.  Dr. Warren-Hicks designed the survey, estimated the number of samples required to ensure EPA’s desired levels of precision in the sampled data, generated reports to the Office of Management and Budget and EPA's statistical review committee, and generated data analysis plans.  In addition, Dr. Warren-Hicks was responsible for the analysis of the survey results.

EPA Science Advisory Panel: Kalamazoo River Superfund Site. Dr. Warren-Hicks was a selected Science Advisory Panel (SAP) member involving the review of the terrestrial survey methods and procedures, data collection activities, data quality, information content, and risk analyses used to assess PCB effects on avian species at the Kalamazoo River Superfund site. The Kalamazoo River site(s) had been studied for approximately 18 years by both EPA and the responsible parties. The SAP provided review of data, methods, and analyses generated by Michigan State University (MSU) on behalf of the responsible parties. The charge to the SAP was to review the MSU studies with respect to their suitability as additional lines of evidence for evaluating potential risks to terrestrial receptors exposed to PCBs in floodplain soils in the formerly impounded areas of the Kalamazoo River. As the statistical lead on the panel, Dr. Warren-Hicks obtained and analyzed portions of the EPA and MSU data, provided comments on the survey design, and recommended specific probabilistic methods for further analyzing the monitoring information and generating estimates of risk uncertainty. 

Review of Risk and Hazard Life-Cycle Assessments for 3M. Dr. Warren-Hicks had company-level review authority for risk and hazard assessments during the life-cycles of chemicals and products manufactured by (or for) 3M. In this capacity, Dr. Warren-Hicks provided reviews of the work generated by the 3M on-site contractor. He generated comments on the existing work and approved the final assessments. He attends weekly staff meetings, provided advice on scientific issues that arise during the course of the reviews, and implemented independent studies of selected issues. Dr. Warren-Hicks provided internal training on the EUSES model and worked closely with 3M and their contractor to implement the EUSES model on selected chemicals.

International Risk Assessment of Perfluorooctane Sulfonic Acid (PFOS).  For over 6 years, Dr. William Warren-Hicks of EcoStat, Inc. has supported the global risk assessment of PFOS and other fluorochemicals as a contractor to 3M. The objective of the PFOS risk assessment was to assess the risk imposed to a wide variety of species from exposure to PFOS found in freshwater and marine environments, including fish, invertebrates, piscivorus (i.e., fish-eating) mammals, and aquatic plants. The ecological risk assessment of PFOS was designed to address such questions as: (1) What is the global environmental distribution of PFOS? (2) Does PFOS bioaccumulate or biomagnify in the food chain? (3) What is the concentration of PFOS in exposed organisms? (4) What are the toxic effects of PFOS? (5) What are the toxic effects levels of PFOS? (6) What is the potential risk of PFOS to exposed species? The highest concentrations of PFOS are found in the liver and serum of predators high in the food chain. The assessment therefore focused on predators high in the food chain, using PFOS liver and serum tissue concentrations as indicators of environmental exposure. Worldwide exposure data were available from the Global Biosphere Monitoring Program, conducted by scientists from Michigan State University. Liver and serum concentrations of PFOS were collected from many species around the globe. In addition, water concentrations were collected from U.S. cities. Effects data included standardized aquatic and mammalian tests. Species sensitivity distributions of exposure were combined with effects information in a worldwide risk assessment of PFOS risk.

Probabilistic Rodenticide Model of Brodifacoum. Syngenta Crop Sciences. Brodifacoum (3-[3-(4'-bromo-[1,1'-biphenyl]-4-yl)-1,2,3,4-tetrahydro-1-naphthalenyl]-4-hydroxy-2H-1-benzopyran-2-one) is an effective second-generation anticoagulant rodenticide primarily used to control Norway and roof rats and house mice, including warfarin-resistant rats and mice. Brodifacoum is the most widely used rodenticide in the US accounting for approximately 93% of all over the counter rodenticide sales. Laboratory experiments indicated only the potential for hazard, not their likelihood of occurrence in the field. Field observations indicated that rodenticide poisoning incidents do occur, but they are insufficient for estimating the magnitude and probability of actual effects on non-target species. Dr. Warren-Hicks developed a software system for modeling the risk of brodifacoum to non-target species. Several approaches for modeling framework were developed. In the first approach, exposure distributions were generated using Monte Carlo analysis and effects distributions were generated using Bayesian hierarchal models. The joint distribution of risk is generated using Monte Carlo integration techniques. In the second approach, Bayesian neural nets were used to link the exposure and effects models, resulting in condition risk distributions. 

Probabilistic Risk Assessment of Isoxaflutole (IFT). Bayer Crop Science. In this project, Dr. Warren-Hicks and Dr. Song Qian developed a mathematical approach for generating effects distributions for use in the risk assessment for isoxaflutole, the active ingredient in the pre-emergent corn herbicide BALANCE.  A Bayesian hierarchical modeling framework is used to generate a species sensitivity distribution without the loss of information common to standard methods. This approach integrated data from toxicity tests on 17 non-target plant species, with many species having information from multiple tests. The analysis included major sources of uncertainty and variability, such as between-test variability, between-species variability, and the inherent uncertainty in the dose-response model. The analysis has two components. First, exposure-response functions were developed for vegetative vigor shoot weight and seedling emergence shoot length for individual test species. The exposure-response functions have additional terms in the model that account for incomplete response measurements. Second, species sensitivity distributions (SSDs) were developed using EC25 and EC50 values (isoxaflutole concentrations resulting in 25% and 50% growth inhibition, respectively) for all test species. In the risk assessment, the exposure-response functions and SSDs developed in the assessment are combined with exposure distributions to calculate the fraction of species potentially affected within a non-target plant community, or the likelihood of effects on non-target plant species of unknown sensitivity.

Evaluation of PFOS, United Kingdom Assessment Report. Dr. William Warren-Hicks of EcoStat, Inc. reviewed a report generated by the Chemical Assessment Unit, The Environment Agency, UK entitled Environmental Risk Evaluation Report: Perfluorooctanesulphonate (PFOS). Dr. Warren-Hicks provided comments on issues associated with the EUSES 2 model, risk assessment methods and approaches, and uncertainty factors and risk characterization. Many of the comments focused on the large number of assumptions involved in the EUSES modeling approach, which in some cases were clearly inaccurate, and the degree of uncertainty in the exposure analysis. Many of the assumptions and model inputs were not consistent with available data.  For example, the rates of degradation and conversion to PFOS for both polymers and PFOS substances, and the amount of PFOS assumed present in polymers were not correct. Dr. Warren-Hicks recommended that the UK report be amended to include a more formal and quantitative uncertainty analysis, particularly with regard to the EUSES model inputs. At a minimum, a sensitivity study examining the relative effects of changes in the model inputs on the model predictions should be conducted. Monte Carlo techniques incorporating model input distributions were recommended. In addition, Dr. Warren-Hicks recommended additional comparisons of EUSES model predictions to existing measured exposure concentrations in the UK, Europe, US or elsewhere. 
Comments on the Environment Canada Screening Assessment Report of PFOS, April 2004. Dr. William Warren-Hicks of EcoStat, Inc. reviewed a report generated by Environment Canada on the risk of perfluorooctane sulfonic acid (PFOS) to the Canadian environment. The majority of the effects and exposure data used in the Canadian report were taken from the 3M risk assessment, which was authored by Dr. Warren-Hicks. Major issues with the Canadian screening-level risk assessment include the following: (1) growth and reproduction toxicity endpoints were available but were not used in the Canadian report, (2) the Canadian study utilized extremely large safety factors (up to 1000) rather than relying on the large volume of available PFOS exposure data, (3) the report did not include data documenting the exposure concentrations in Canada but used U.S. exposure concentrations, and (4) the Canadian report ignored available histopathological data when conducting the mammalian risk assessment.

Risk of Perfluorinated-alkylated Substances (PFAS) in the Nordic Environment.  As a consultant to the 3M Corporation, Dr. William Warren-Hicks of EcoStat, Inc. provided a critical review of the report entitled Risk of Perfluorinated-alkylated Substances (PFAS) in the Nordic Environment. He also conducted a screening-level risk assessment of PFOS in aquatic Norwegian environments based on the data contained in the Norwegian report. The report, authored by The Norwegian Institute for Air Research, provided information on the occurrence, distribution, and fate of PFAS in the Nordic environment. The study utilized data on PFAS concentrations in (1) sewage sludge and landfill effluents; (2) seawater, rain water, lake water, sewage effluent, and landfill effluent; and (3) liver concentrations in fish and marine mammal species. Exposure data were compiled from Denmark, Finland, the Faroe Islands, Iceland, Norway, and Sweden. Dr. Warren-Hicks provided comments on the original report, created a data base of exposure data in Nordic environments, and conducted a screening-level risk assessment of PFOS in Nordic environments. Nordic exposure data were compared to previously published effects metrics, and considering a margin of safety, measures of potential ecological risk were generated. Based on the analysis, the observed levels of PFOS in Nordic environments were not associated with identifiable adverse effects on wildlife or the environment.

Bilaga 3 -Riskbedömning för PFOS. As a contractor to 3M, Dr. William Warren-Hicks of EcoStat, Inc. provided comments on a report documenting a risk assessment of perfluorooctane sulfonic acid (PFOS) authored by the Swedish ministry of the Environment (KemIkalieinspektionen, KemI) entitled PFOS-relaterade ämnen - Strategi för Utfasning.  In particular, Dr. Warren-Hicks found that the choice of certain toxicological endpoints, no-observable-adverse-effect levels (NOAELs), serum PFOS concentrations associated with NOAELs, and population serum PFOS concentrations used in the risk assessment overstated the actual risk. Additional comments included the following: (1) the sample sizes used to the assessment were small and not representative of the Swedish environment, (2) PFOS levels in the body of top predators (seal, pike, eagle, polar bear, and mink) in Nordic regions are available but were not used in the KEMI risk characterization, and (3) the report did not include a quantitative uncertainty analysis.

Using Monte Carlo Techniques to Judge Model Prediction Accuracy: Validation of PRZM3.12.  Dr. Warren-Hicks was the lead statistician assisting the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) Environmental Model Validation Task Force (FEMVTF) Statistics Committee in conducting an uncertainty analysis of the PRZM3.12 model. He assisted the committee in conducting model sensitivity analyses leading to the identification of those model input parameters that most contribute to model prediction error. This activity was part of a larger project evaluating the PRZM3.12 model. The goal of the uncertainty analysis was to compare site-specific model predictions and field measurements, using the variability in each as a basis of comparison. Monte Carlo analysis was used as an integral tool for judging the model’s ability to predict accurately. The model was judged on how well it predicts measured values, taking into account the uncertainty in the model predictions. Monte Carlo analysis provided the tool for inferring model prediction uncertainty, and was found to be a fairer test of the model than a simple one-to-one comparison between predictions and measurements. Because models are known to be imperfect predictors prior to running the model, the inaccuracy in model predictions should be considered when models are judged for their predictive ability. Otherwise, complex models can easily fail a validation test.

Sensitivity Analysis of the EUSES 2 Model. Dr. William Warren-Hicks of EcoStat, Inc. conducted a sensitivity analysis of the EUSES 2 model in support of 3M’s global risk assessment of fluorochemicals. EUSES is the model of choice in Europe for estimating local, regional, and European area exposure concentrations of high production volume chemicals. Dr. Warren-Hicks worked with a number of exposure scenarios and PFOS exposure pathways. Major findings from the analysis include the following: (1) when compared to measured environmental concentrations the model was found to over predict by several orders of magnitude, (2) the model was most sensitive to production input parameters, (3) the model predictions are not linear with changes in the model chemistry parameters, and (4) in multiple pathway exposure runs the model predicts non-zero concentrations even for those pathways where production is set to zero. 

Review of CADDIS Software. The CADDIS software package will provide a useful addition to the stressor-response tools developed and supported by EPA. Dr. Warren-Hicks comprehensively assessed each statistical and graphical tool built into the software. He followed the step-by-step instructions to install the software and tested the built-in tools using external data sets as well as the software-supplied example data sets. If options were available for a specific tool, he used them at some point in the assessment. He commented on the statistical methods employed within the software, the help files, and the introductory materials. Overall, the software was found to perform well.

Development of Ecological Risk Assessment Methods for the Department of Energy.  Department of Energy, Office of Environmental Management (EM-6). This project developed and evaluated methods for assessing ecological risks and prioritizing remediation efforts at DOE facilities. The Oak Ridge National Laboratory (ORNL) was selected for a case study. Extensive data sets from ORNL were obtained, including spatial and temporal measures of mercury and PCBs as well as biological indicators of individual, community, and population response. Probabilistic methods, including Monte Carlo analysis, first-order error analysis, and Bayesian approaches were utilized to assess the risk to aquatic and terrestrial communities in the vicinity of ORNL. A five-volume document was developed from the projected that included (1) step-by-step guidance for conducting ecological risk assessment at DOE facilities, (2) description of methods and approaches for conducting uncertainty analysis, (3) case studies illustrating the risk assessment methods, (4) guidance for model calibration and parameterization, and (5) summary and conclusions.

Stressor Identification (SI) At Contaminated Sites: A Case Study. As a subcontractor to TN&A, Dr. Warren-Hicks supported the development of conceptual models for stressor identification studies and developed a Bayesian model linking field and laboratory measures of effects. In this project, classical statistics, Bayesian inference, and graphics were used to build a weight-of-evidence approach for selecting a final phytotoxicity model. Initially, candidate models using the Proc Logistic procedure in SAS were explored. The objective was to quickly observe the relationships among the candidate endpoints, not to select a model based on the procedure’s outputs. Relative to the other metals, Zn and Cu were shown to be reasonable predictors of site toxicity. Laboratory pH was shown to be superior to field pH, and Cd was shown to be a poor indicator of toxicity. Based on these statistical explorations, toxicological evidence, and the results of assessments by earlier investigators, two models were selected for detailed study. The final models were developed using the Bayesian software WinBugs (Lunn et al., 2000). A generalized linear model (GLiM) using a Bernoulli distribution to represent the presence of site-specific toxicity with a logistic link function mapping metals concentrations into the probability of toxicity was developed in WinBugs. Overall, the Zn model is shown to be moderately superior to the Cu model, although both models were viable.

Aquatic Ecological Risk Assessment: A Multi-Tiered Approach with Software.  Water Environment Research Foundation. Dr. Warren-Hicks was a co-principal investigator on a project sponsored by the Water Environment Research Federation to develop cost-effective risk assessment methods for both single and multiple chemicals. The methods developed under this project have been reviewed and approved by EPA as acceptable for risk evaluation.  The methods consist of three tiers, including a screening level assessment, a probabilistic assessment, and an intensive field sampling assessment followed by strict statistical evaluation of the data. For Tier I, statistical methods were developed for screening the potential risk for single chemicals using hypothesis testing techniques derived specifically for acute and chronic endpoints. In Tier II, exposure distributions and effects distributions are integrated into a risk distribution. for single chemicals. The chemical-specific risk distributions can be integrated to form a joint distribution of risk for multiple chemicals. The mathematics underlying the statistical framework are derived and presented, including innovative methods for calculating uncertainty estimates at each decision level. This project led the way for the development and acceptance of species sensitivity distributions (SSDs) as appropriate effects distributions for use in formal risk assessments. A software system was developed to implement both the Tier I and Tier II probabilistic approaches. Users can enter toxicity test endpoints for multiple chemicals into a spreadsheet, or use the effects data sets built-into the computing system. Users are prompted to select risk criterion and acceptable uncertainty levels, and can select multiple ways to evaluate the effects and exposure data including fitting a logistic regression model, risk distributional analysis, graphics, and integration methods. The program provides the probability of exceeding the selected risk criterion, given the exposure and effects data sets. The application runs in Microsoft windows.  

Development of Biological Indices Useful for Environmental Decision Making. EPA Office of Research and Development.  In recent years, a trend toward the collection of multiple indicators of ecological condition on a regional scale can be seen in many of EPA's new initiatives.  However, quantitative methods for effectively combining multiple biological measurements within, and between, resource classes into an index or other summary output useful for decision-making are lacking.  Indices which summarize biological data into a value which is easily interpreted by decision makers and the lay public may prove to be valuable tools for communicating complex survey data.  Working with EPA's Environmental Monitoring and Assessment Program (EMAP), Dr. Warren-Hicks developed a quantitative method for summarizing multiple biological measures into an index of ecological condition.  The index was developed using regional data collected as part of EMAP's Virginia Province Estuarine Sampling Program.  

Statistical Support to EPA's Environmental Monitoring and Assessment Program (EMAP).  Dr. Warren-Hicks provided statistical support to the EMAP Integration and Assessment Group in a variety of areas including: (1) development of biological indices for regional decision making, (2) statistical analyses of biological monitoring data, (3) consultation on statistical issues including monitoring design and time series analysis, (4) program evaluation support, and (5) development of an academic group for providing technical and program support.

Ecological Assessments of Hazardous Waste Sites.  Dr. Warren-Hicks was the principal scientist on an EPA-sponsored project to compile techniques and develop strategies for performing ecological assessments of hazardous waste sites. Assessment strategies included the use of aquatic and terrestrial toxicity tests, collection of biological indicators, and statistical analysis and modeling. The document produced by this project is the original reference to the terms assessment and measurement endpoints which are currently used by EPA in most guidance manuals for conducting ecological risk assessments. The terms were authored by Dr. Glenn Suter of EPA’s Office of Research and Development (ORD).

Technical Support for Ammonia Aquatic Life Criteria Revision. EPA, Health and Ecological Criteria Division (HECD). This project evaluated the relationships between ammonia concentrations and biological assessment data to determine the benefits and appropriateness of the existing water quality criteria for ammonia. The ammonia criterion was based on the results of laboratory single species toxicity tests, which measured lethal and sub-lethal effects on individual organisms. The project developed regional data sets of water quality and biological data for evaluating casual relationships between ammonia concentrations, population and community responses. Data were primarily obtained from the Ohio EPA and stored in SAS and Excel files in a local PC environment. Using linear regression analysis, non-linear model fitting techniques, graphical comparisons, and principal components analysis (PCA) Cadmus numerically evaluated (1) the relationships between ammonia concentrations and fish and benthic macroinvertebrate community responses, and (2) the relationship between temporal changes in ammonia concentrations in Ohio streams and the subsequent community response. Case studies illustrating these relationships were developed and presented. Information from the project was used by EPA in internal considerations of ammonia criteria revisions. 

Examination of the spatial relationship and interaction of selected environmental parameters to mercury concentrations in fish tissue in the Southeastern United States. EPA, Standards and Applied Science Division (SASD). This project developed a statistical model for predicting mercury concentrations in fish tissue in four Southeastern states. A number of possible factors influencing fish mercury concentrations were examined on a regional scale including proximity to sources of mercury, environmental factors affecting mercury movement and transformation, and factors affecting mercury accumulation. The model consisted of the following three components (1) using classification and regression tree modeling, (2) generalized additive modeling, and (3) universal kriging. Each modeling component accounts for a different level of variation in fish tissue mercury concentration. The projected resulted in a peer-reviewed publication entitled A Predictive Model of Mercury Fish Tissue Concentrations for the Southeastern United States. Environ. Sci. Technol. 2001, 35, 941-947. In addition, platform presentations at SETAC 2000 on the use of regional GIS approaches for examining spatially related data were developed and presented.  

Evaluation of Alternative Methods for Analyzing Biological Data, Boise, Idaho, January 1977. Standards and Applied Science Division (SASD). EPA Regions 8 and 10 State/Tribal workgroups were comparing alternative approaches for analyzing biological data.  Results of case studies were discussed at the workshop.  Dr. Warren-Hicks, along with other technical experts, provided peer review and comment as part of the review and discussions associated with setting ecoregional biocriteria in the EPA regions.  Dr. Warren-Hicks provided technical input on the current diversity in statistical methods appropriate for bioassessment within EPA’s biocriteria program. In particular, he commented on the proper use of multivariate statistical techniques for evaluating the spatial relationships among a diverse set of biological measurements.  The forum facilitated the exchange of information regarding the current state of the science with experts who have been developing and evaluating these methods. 

Procedures and Analysis for Developing and Implementing Aquatic Life Criteria. EPA Standards and Applied Science Division (SASD). Dr. Warren-Hicks managed a project for EPA that supported the development of EPA policy on the sizing of acute mixing zones. Mixing zone pollutant concentrations should be sufficiently low to allow a planktonic organism passing through the zone as it drifts downstream to survive the exposure. The EPA standard was a one-hour acute averaging period. This premise was based on the assumption that all pollutants are fast-acting and short exposures are nearly as toxic as exposures of a longer duration. The objective of the assignment was to determine how much precision is required when specifying a pollutant averaging period. Working with Research Triangle Institute, mathematical procedures for calculating the time required for planktonic organisms to move laterally through a hypothetical mixing zone were developed and programmed. Monte Carlo analysis, combined with the model equations, was used to address the precision of mixing zone calculations.

Using Biocriteria for Water Quality Management: A Decision Analysis Perspective. EPA, Standards and Applied Science Division (SASD) Dr. Warren-Hicks managed a project that examined the role of decision analysis in EPA’s biocriteria program. Among the recent advances in ambient water management and regulation is the application of aquatic biocriteria as a decision parameter.  Water quality standards have historically focused on chemical and physical quantities; biological parameters, including those specified in recent biocriteria have an advantage in that they serve as integrators of response over time, space, and multiple contaminants.  This integrated response to water contamination should be expected to improve decision making. The objective of this project was to examine the application of biocriteria for improved water quality decisions and regulation. Decision analysis, a prescriptive model for guiding decision making under uncertainty, serves as a framework for modeling how biocriteria can be used for water quality decisions.  The objective of the project was to briefly describe each stage of decision analysis and discuss how one example, the Maine Biocriteria Development Program, conforms to this prescriptive model.

Stressor Identification (SI) At Contaminated Sites: A Case Study. As a subcontractor to TN&A, Dr. Warren-Hicks supported the development of conceptual models for stressor identification studies and developed a Bayesian model linking field and laboratory measures of effects. In this project, classical statistics, Bayesian inference, and graphics were used to build a weight-of-evidence approach for selecting a final phytotoxicity model. Initially, candidate models using the Proc Logistic procedure in SAS were explored. The objective was to quickly observe the relationships among the candidate endpoints, not to select a model based on the procedure’s outputs. Relative to the other metals, Zn and Cu were shown to be reasonable predictors of site toxicity. Laboratory pH was shown to be superior to field pH, and Cd was shown to be a poor indicator of toxicity. Based on these statistical explorations, toxicological evidence, and the results of assessments by earlier investigators, two models were selected for detailed study. The final models were developed using the Bayesian software WinBugs (Lunn et al., 2000). A generalized linear model (GLiM) using a Bernoulli distribution to represent the presence of site-specific toxicity with a logistic link function mapping metals concentrations into the probability of toxicity was developed in WinBugs. Overall, the Zn model is shown to be moderately superior to the Cu model, although both models were viable.

Development of a Statistics Course – Evaluation of EPA’s Water Quality Standards in Streams. Dr. Warren-Hicks worked closely with EPA’s Office of Water to develop a statistics course for Regional and State environmental staff. The course provided statistical approaches, methods, and explanations for evaluating a variety of EPA water quality criteria. The course included instruction in basic classical statistical theory, sampling design, time series applications, and quality assurance procedures. Examples were created in Microsoft Excel for use during class exercises. Additional topics covered included tolerance intervals, autocorrelation, and the affect of sample size and temporal correlation on the probability of violating a four-day average every three years. 
Evaluation of Delisting Petitions Under the U.S. Clean Air Act Section 112. Dr. Warren-Hicks evaluated delisting petitions on two air pollutants, EGBE, methyl ethyl ketone (MEK) and methanol for the U.S. EPA Office of Research and Development.  Delisting petitions are submitted to the U.S. EPA to delist source subcategories (e.g. pulp & paper, two-piece can manufacturers) from the lists of substances or source categories regulated under Title III of the Clean Air Act Amendments of 1990 under section 112(b).  Each review examined the potential impact of modeled or measured concentrations of the air pollutant from various sources to the environment. 

Sensitivity Analysis of The European Union System for The Evaluation of Substances (EUSES) Decision-Support System. For the Research Institute for Fragrance Materials (RIFM) Dr. Warren-Hicks conducted a model sensitivity analysis based on the chemical characteristics of acetyl cedrene and OTNE, chemicals of concern to the fragrance industry. A tiered systematic approach was used to determine the most sensitive parameters within the EUSES model. Model sensitivity was defined as the relative change in model predictions as a function of change in model inputs. EUSES model inputs were adjusted in a systematic manner, and the changes in model predictions were recorded. A base case of model input values was established based on publicly available literature, data obtained from RIFM, and selection of EUSES-supplied default data. All subsequent predicted environmental concentrations (PECs) were compared to PECs generated using the base case model input parameters. PECs specific to geographic scales and media were recorded for each model run. The degree of change in the resulting PECs relative to the base case was recorded and tables and graphics depicting the analysis outputs were generated.

TMDL and Nutrient Loads: Falls of the Neuse Reservoir. Dr. Warren-Hicks worked with a team of hydrologists and biologists to establish nutrient loading for the Falls of the Neuse Reservoir near Durham, NC. The reservoir has a very low average lake depth. The interaction of private farms and enhanced residential construction in the area was of concern to the State of NC. Dr. Warren-Hicks provided advice on data collection strategies, data analysis, and modeling approaches. The final model accepted by the State of NC was the Qual2e model (now replaced by the QUAL2Kw model and the YASAIw Monte Carlo add-in). The model results resulted in the State of North Carolina changes the land use rules for the area surrounding the area, including an increase in the building lot size and reduction in nitrogen loading to the reservoir.

Evaluation of Nutrient Loading from Pig Farming: Dr. Warren-Hicks worked with Audubon Environmental on a project for the State of North Carolina. Water quality, hydrology, and information on other industry discharges to the Deep River were collected over a two-year period on the Deep River, North Carolina. The river, located in eastern North Carolina, is susceptible to discharge from pig farming in the region. Data analysis and modeling analysis were used to establish the acceptable loading of nutrients and chloroform to the river at the levels that would protect public health and the environment. Models used in the project include Qual2e, AQUATOX, and CASM.
Development of an Interactive Data Retrieval System for Fluorochemcials. Under contract to 3M, Dr. William Warren-Hicks of EcoStat, Inc. directed the creation of an interactive data retrieval system containing effects, biodegradation, chemical, and bioaccumlation data associated with multiple fluorochemical byproducts. Dr. Warren-Hicks worked with computer software specialists to design the system and create the front-end data selection screens. The system was built using Adobe Acrobat, and allows users to select information on up to 16 specific fluorochemical species and then select effects, biodegradation, chemical, or bioaccumlation reports and data summaries. The interactive system is used by 3M for quick access to supporting documentation and to effectively communicate within the company, and between outside agencies and contractors.

Review of Canada’s Ecological Risk Assessment Guidance.  Dr. Warren-Hicks provided expert review of Environment Canada’s Ecological Risk Assessment Guidance Manual.  In particular, Dr. Warren-Hicks was retained to review sections dealing with risk characterization, modeling, estimates of risk probabilities, and uncertainty analysis.  The comments will be used to rewrite the guidance manual.

PSEG: Statistical Analysis of Whole Effluent Toxicity Data: Dr. Warren-Hicks conducted statistical analyses of whole effluent toxicity test (WET) data associated with Public Service Electric and Gas's (PSEG’s) Salem Nuclear Generating Station. The studies were conducted as part of PSEG’s relicensing activities. The results of the analyses indicate that WET testing procedures could be modified to decrease the likelihood of false positive measurements of WET toxicity, thus decreasing the chance of PSEG failing a permit limit for reasons other than true effluent toxicity. The statistical analyses in this report were implemented using TOXSTAT and the Statistical Analysis System. Questions addressed in the report include the following: (1) Would the inclusion of additional test dilutions result in more precise and interpretable toxicity test results? (2)  Would additional test replications result in more precise and interpretable toxicity test results?, and (3) Would additional test organisms per replicate result in more precise and interpretable toxicity test results.

Evaluation of Fish Reproductive Response in a Managed Reservoir.  For Boise Cascade, Dr. Warren-Hicks statistically evaluated the effect of water level on fish reproductive success in a northern Minnesota reservoir.  The project, sponsored by Boise Cascade, was initiated in response to public concern about the decline of fishing in the reservoir.  Dr. Warren-Hicks demonstrated that the fisheries decline was associated with over-fishing, and not with Boise Cascade's management of the reservoir.

Uncertainty Analysis In Ecological Risk Assessment. CEFIC Long-Term Research Initiative. Dr. Warren-Hicks is the project manager for developing a book on uncertainty analysis in ecological risk assessment. Uncertainty analysis is a critical component of an ecological risk assessment and the subsequent decision-making process.  Evaluating, calculating, and conveying the degree and magnitude of uncertainty in each of the many components of the risk assessment process provides decision-makers and the public with a strong scientific foundation for evaluating the believability of the final risk estimates.  A wide diversity of opinion exists, however, with respect to the role that uncertainty should play in risk management decisions. Indeed, scientists representing government, industry, the law, and the lay public may have differing viewpoints on the analytical approach, interpretation of results, communication of results, or usefulness of the uncertainty analysis results in environmental decision making. In this project, The Cadmus Group and RIVM (National Institute of Public Health and the Environment, Netherlands) will join forces to complete the following tasks: (1) develop a comprehensive toolbox of methods and software, (2) develop and prepare a guidance manual to illustrate how uncertainty analyses should be conducted, (3),  conduct 3-5 case studies to demonstrate how an uncertainty analysis could be conducted using different methods, (4) review sources of information for their use in chemical probabilistic risk assessments, and (5) lead training courses on methods and procedures for conducting an uncertainty analysis in ecological risk assessment.  

Evaluation of Protocols for Aquatic Ecological Risk Assessment and Risk Management.  Dr. Warren-Hicks participated in a project that compiled and assessed aquatic risk assessment protocols currently in use within EPA and industry.  This project, sponsored by the Water Environment Research Foundation (WERF), assessed the ability of current aquatic risk assessment methods to adequately predict the probability of risk to aquatic environments.  The report made recommendations for future research, which were adopted by WERF as the basis for further research funding.

Validation of AQUATOX. EPA, Standards and Applied Science Division (SASD) Dr. Warren-Hicks managed a project for EPA’s Standards and Applied Science Division that included a statistical assessment of the model prediction uncertainty of the AQUATOX ecosystem model. The validation study was conducted using nutrient and chlorophyll a data collected at Coralville Reservoir, Onondaga Lake, and East Fork Popular Creek, TN. Independent validation exercises were conducted on a site-specific basis, with the data from an upstream site acting as inputs for the downstream site predictions.  The amount of available input data and the number of observations against which the model predictions are compared were site-specific.  AQUATOX was calibrated using site-specific data model predictions were compared against an independent site-specific data set.  Rather than using a one-on-one comparison approach, distributional approaches were used in the model validation study. The approach was assumed to provide a fair test of the model. Site-specific distributions of both the measured and predicted variables were compared. A variances components model was used to isolate various components of uncertainty that affect the accuracy and precision of the AQUATOX model. 

Statistical Analysis of Selenium Toxicity Data In Support of A Selenium Aquatic Life Criteria Revision. Standards and Applied Science Division (SASD). Dr. Warren-Hicks managed the statistical assessment of selenium data in support of a proposed selenium aquatic life criteria revision. The report provided the results of statistical analyses of data collected during studies conducted at the Monticello Ecological Research Station involving observations on growth and reproduction of bluegills (Lepomis macrochirus) exposed under experimental conditions to selenium.  The selenium aquatic life criteria, originally completed in 1987, was under review by EPA.  Statistical analysis of the exposure-response data collected at Monticello provided insight into the evaluation of an aquatic standard for selenium. An initial statistical evaluation of the Monticello data was available in an EPA report.  Beginning with this document, and using data transmitted by EPA, the Cadmus Group recalculated many of the descriptive statistics found in the original document.  In addition, Cadmus worked closely with EPA personnel to create analysis of variance models (ANOVA) that were concurrent with the Monticello study experimental design.  During the course of data evaluation, EPA and Cadmus considered such issues as the following: (1) methods for handling missing observations and data inconsistencies, (2) methods for handling repeated measures over time, (3) data transformations, and (4) issues in calculation.  Cadmus evaluated growth and survival data from adult fish collected in the field.  In addition, Cadmus evaluated toxicity endpoints on larvae collected in fish nests in the experimental streams and transported to the laboratory for analysis.

Methods for setting site-specific nutrient criteria.  Water Environment Research Foundation. States and Tribes will be required by the EPA to adopt eco-regional nutrient criteria and standards. EPA has developed guidance on deriving eco-regional nutrient criteria. For some waterbodies site-specific nutrient criteria (SSNC), rather than regional nutrient criteria, may be appropriate. Dr. Warren-Hicks managed this project which developed a decision-framework and methods for establishing site-specific nutrient criteria. The resulting document provides detailed methods and procedures for deriving scientifically defensible SSNC and standards for rivers and streams, lakes and reservoirs, and estuaries, as well as case study examples. The document is intended for use by (1) State and Tribal regulatory agencies with the authority to derive criteria and standards; (2) regulated entities affected by the criteria, such as dischargers with National Pollutant Discharge Elimination System (NPDES) permits and those potentially affected by nonpoint source controls; and (3) other interested parties. The methods presented here for developing SSNC are meant to complement U.S. EPA’s guidance for developing regional nutrient criteria. Cadmus developed a risk-based three-tiered approach consisting of a sequence of increasingly refined and detailed, site-specific methods for deriving nutrient criteria. The tiers differ in the underlying data and analytical methods used to develop the criteria. Case studies illustrating the methods for each of the media addressed in the document are presented. For the case studies, Dr. Warren-Hicks searched EPA’s STORET database and downloaded data on nutrients and other variables. These data were used to evaluate relationships between nutrients and response variables such as chlorophyl a. Cadmus planned and implemented a national workshop of the subject during the national Water Environment Federation meeting in October 2002. The meeting was attended by EPA, State, municipality, and private industry representatives. Over 60 attendees provided comments which were incorporated into subsequent drafts of the manual.

Whole Effluent Toxicity Testing Methods: Accounting for Variance. Water Environment Research Foundation (WERF).  Dr. Warren-Hicks managed a project quantifying the variability in toxicity tests used in WET testing and ambient water testing. Case studies are used to show how knowledge of this variability can be used to interpret compliance with WET limits in National Pollutant Discharge Elimination System (NPDES) permits. Data used to evaluate the accuracy and precision in WET test endpoints were derived from reference toxicity tests. A national data base of reference WET tests for nine species using a variety of EPA standard protocols and reference toxicants was compiled.  A random effects model is used to calculate variance components including between-laboratory variability, within-laboratory variability, variability as a function of toxicant concentration, and random error.  Additionally, intralaboratory variability was examined using general linear modeling (GLM) techniques and creative graphical outputs. Case studies, and associated WET effluent test results, were compiled. The data were used to examine the impact of incorporating WET test variability into regulatory compliance decisions.

Statistics Course - Priority Substances Assessment Program, Environment Canada.  Along with Dr. Dwayne Moore, and Dr. Pierre-Eves Caux, Dr. Warren-Hicks presented a short-course on statistical methods appropriate for environmental risk assessment studies.  Dr. Warren-Hicks presented information on sampling theory, uncertainty analysis, Monte Carlo analysis, probability theory, advanced probabilistic methods including first-order error analysis, the WERF method, and the misuse and correct application of descriptive statistics.

Risk Assessment Course - New Advances in Ecological Risk Assessment.  Dr. Warren-Hicks and Dr. Ben Parkhurst developed and taught a course on new advances in ecological risk assessment including probabilistic methods and the WERF methodology.

Analysis of NPDES Permits with Whole Effluent Toxicity Limitations. Office of Water Enforcement and Compliance. Dr. Warren-Hicks developed a data base of major POTWs with whole effluent toxicity limitations (WET) as part of their NPDES permit limitations. He generated the data base from information contained in the Permit Compliance System (PCS).  Cadmus interacted with EPA Regional Offices for the purpose of verifying and updating the PCS data.  The results of this project will be used to help EPA define the universe of NPDES permits with WET limits and to assess the number of WET limit permit failures.  In addition, EPA was interested in the response of POTWs to Administrative Orders issued in response to a WET limit violation.

Risk Assessment Course - Aquatic Ecological Risk Assessment: Methods for Screening-Level and Probabilistic Risk Assessments.  This course, sponsored by the Water Environment Federation, was presented at the Washington Hilton and Towers in November 1996.  The course included material on probabilistic and screening-level risk methods appropriate for aquatic environments.  Dr. Warren-Hicks presented the statistical and quantitative methods.

Protocols for Short-Term Toxicity Screening of Hazardous Waste Sites.  Dr. Warren-Hicks was the principal scientist and co-author for an EPA project that evaluated laboratory protocols for measuring toxicity of samples collected at hazardous waste sites.  Dr. Warren-Hicks was responsible for assessing the scientific validity of the protocol, determining appropriate laboratory techniques, and providing procedures for analyzing the toxicity endpoints.

Development of Models Predicting Fish Response to Acidification.  Dr. Warren-Hicks was the lead scientist on projects sponsored by the National Acid Precipitation Program (NAPAP), involving the development of models for predicting fish response to acid-base conditions.  The models, which were developed using both classical and Bayesian statistical techniques, were used in the NAPAP Integrated Assessment Report to Congress on the effects of acidification on surface waters.

Evaluation of the Effects of Water Level Fluctuations and other Environmental Factors on Walleye and Northern Pike Populations in Rainy Lake and Namakan Reservoir.  For the Boise Cascade Corp., Dr. Warren-Hicks was the lead statistician involving a review of previous studies and re-analysis of data on the relationships between water level fluctuations and fish populations to determine if the present regulation of hydroelectric dams has had significant adverse effects on fish populations and spawning success, especially for walleye and northern pike, in the Rainy Lake and Lake Namakan Reservoirs.  These waters are located in the Minnesota - Ontario Boundary Waters area, near International Falls, Minnesota.  Dr. Warren-Hicks demonstrated that the perceived decline in fish populations was, in fact, not real.  In addition, Dr. Warren-Hicks demonstrated that a small decline in fish populations over the course of 30 years in the reservoir was due to over fishing, and not caused by the management of the reservoir by Boise Cascade.

Air Quality
Statistical Quality Assurance and Control Procedures for EPA’s PM2.5 National and State Programs. Dr. Warren-Hicks, through a sub-contract with Research Triangle Institute, is working closely with EPA’s Office of Air Quality Planning and Standards to revise both the national and state procedures for compliance testing of air quality deposition monitors measuring particulate matter at 2.5 microns. He is using historical program-level data to establish an exceedence probability that can be used to compare and evaluate current test results with prior information. A tiered-decision approach is under development for examining both state and national monitor validation studies, the results of which can be used to identify underperforming reference and site-specific monitors.

Evaluation of Alternative SO2 Allocation Methods under EPA’s Clean Air Interstate Rule (CAIR). For EPA’s Clean Air Markets Division (CAMD), Dr. Warren-Hicks provided an analysis of alternative methodologies for generating SO2 allocations and State budgets under CAIR. The analysis was conducted, in part, in response to petitions for reconsideration of the SO2 allocation method based on Title IV budgets which EPA used to generate the CAIR provisions. The objective of this analysis is to statistically evaluate the relationship among allocations and State budgets generated by EPA’s method and alternative methods. Dr. Warren-Hicks provided a statistical evaluation of EPA’s method for projecting allocations and emissions in the years 2010 and 2015, as well as the following methods for generating those allocations: (1) allowances based on heat input data (termed heat input method), (2) allowances based on heat input data adjusted for fuel factor (e.g., coal, oil, and gas; termed the heat input & fuel factor method), and (3) allowances based on heat input data adjusted both for fuel type and coal type (e.g., bituminous, sub-bituminous, and lignite; termed the heat input & fuel factor, coal type method). Allocations and emissions in the years 2010 and 2015 were aggregated at the company owner-level and company parent-level. In addition, Dr. Warren-Hicks evaluated the ratio (termed State coverage ratios) of the 2010 and 2015 CAIR State SO2 allowance budgets to projected State-level emissions for each of the four alternative methods. EPA also generated region wide SO2 budgets. The relationship of a State allowance budget to the region wide allowance budget was computed for each of the four competing alternative methods, as well as four additional methods. The statistical approach used in the project evaluated the relationship among the candidate methods based on an analysis of distribution and an analysis of centrality. In the context of the CAIR, a method is biased if it results in allocations or budgets that are consistently higher or lower than other possible methods. Bias is generally assessed against a measure of centrality, like the sample mean. In this project, the concept of bias was addressed in the calculation of a percent difference. The other approach used in this study to evaluate allocation methods extends the analysis beyond measures of centrality and examines the distribution of allocations across all sources. 

Statistical Support for Determination of the MACT Floor for Coal-Fired Electric Utility Plants. For EPA’s Clean Air Markets Division (CAMD), Dr. Warren-Hicks generated some innovative procedures for examining the distribution of Hg emissions from coal-fired boilers. Tittle III, Section 112 of the Clean Air Act gives the Agency the authority to establish MACT regulatory standards based on the best performing 12% of existing sources. The methods developed by Dr. Warren-Hicks took into account the uncertainty in the existing data, and were used to establish the Hg limit for those 12% of the sources. Dr. Warren-Hicks developed a Bayesian hierarchical model that pooled Hg CEMS monitoring data across individual field studies. The resulting “pooled” distribution of Hg emissions was used to establish upper confidence bounds on the performance of the 12% best coal-fired power plants.

Generation of Missing Data For Input Into the MLM Model.  For EPA’s Clean Air Markets Division (CAMD), Dr. Warren-Hicks is developing procedures for generating missing data in the input variables used by The National Oceanic and Atmospheric Administration's (NOAA) Multi-Layer Model (MLM). The MLM model generates hourly deposition velocity predictions based on hourly values of meteorological variables, like those collected by the Clean Air Status and Trends (Castnet) Network. Dr. Warren-Hicks is running a series of simulations designed to evaluate the possibility of replacing the missing meteorological data with data either imputed from statistical models, or imported from other sources. Specific input variables of interest include precipitation, sigma theta, wind speed, solar radiation, temperature, and relative humidity. Simple interpolation and time-series models with diurnal and seasonal parameters are involved in the simulation. Alternative data sources include nearest neighbor Castnet sites, and data generated by the North American Regional Reanalysis (NARR) climatology models. The results of this study will be documented in a peer-reviewed publication. 

Appendix K Sorbent Trap Evaluation. For EPA’s Clean Air Markets Division (CAMD), Dr. Warren-Hicks is evaluating the potential use of mercury (Hg) sorbent trap data as a possible alternative to ASTM 6784-02, a.k.a., the Ontario Hydro method (OH).  The evaluation involves a statistical analysis, based loosely on the procedures outlined in Method 301, of paired sorbent trap and OH data, as well as an analysis of the analytic spike results solicited from the electric utility industry. Dr. Warren-Hicks compiled a data base consisting of multiple field trials in which paired sorbent trap and OH data were generated. Statistical analysis of the data will be used by CAMD to assess whether or not sorbent traps can be used as a reference method for Hg continuous emissions monitors (CEMS).

Evaluation of MARGA Monitors and Field Study Design. For EPA’s Clean Air Markets Division (CAMD), Dr. Warren-Hicks statistically evaluated preliminary monitoring data collected by MARGA (multi-instrument) monitors. Statistical analysis of the preliminary data indicated quality assurance issues and a large between-monitor variability. The preliminary data consisted of paired hourly MARGA measurements of several parameters. The relative difference between the paired MARGA measurements was indicated by the between MARGA variance. In the preliminary data set, this variance was large. The large variance indicated that the MARGAs did not provide consistent hourly measurements. However, the large variance was probably affected by poor data quality. Therefore, the preliminary information may not have been representative of the true long-term MARGA performance. Dr. Warren-Hicks provided comments on the field study design, and submitted recommendations to CAMD for future data analyses.

Statistical evaluation of Oracle Data Sets. For EPA’s Clean Air Markets Division (CAMD), Dr. Warren-Hicks produced a statistical approach for comparing information stored in two versions of an Oracle data set. In particular, a statistical framework was created to compare data stored in CORK (Oracle 10g) and OAK (Oracle 9i) servers on the EPA computer network. The data set is part of the CAMD’s DataMart, which contains information on continuous emissions monitors. The statistical design provided for (1) a direct field-by-field comparison of records contained in the smaller Oracle tables, (2) a statistical sampling process for selecting and comparing records located in Oracle 10g and Oracle 9i hourly and daily tables, and (3) a comparison of Oracle 10g and Oracle 9i data sets resulting from internet inquiries generated from the Data and Maps web site. The large number of records contained in the Oracle hourly and daily tables complicates the direct comparison of the Oracle 10g and Oracle 9i versions. A step-wise statistical process for randomly selecting records from the Oracle 10g and Oracle 9i hourly and daily tables is developed.

Technical Evaluation of the SCR Manuscript and Suggested Follow-up Analyses.  For EPA’s Clean Air Markets Division, Dr. Warren-Hicks provided a point-by-point review of an industry report evaluating selective catalytic reduction (SCR) performance. The comments focused on the data analysis and statistical sections of the report. The report over viewed issues in SCR usage and evaluated hourly NOx emissions data before and after installation of SCR controls. Dr. Warren-Hicks found that the industry report only examined the high operating load conditions and did not address pre- and post- controlled emissions for other load ranges, or across all available data. Dr. Warren-Hicks discovered mathematical discrepancies in the calculation of NOx removal efficiency. In addition, Dr. Warren-Hicks suggested the use of properly formulated time-series models be used in further evaluation of these data.

Statistical Evaluation of Mercury Monitoring Methods. In support of mercury (Hg) regulation development for coal-fired electric utilities, the Environmental Protection Agency (EPA) performed a series of field tests evaluating the long-term performance of mercury (Hg) continuous emissions monitoring systems (CEMS). The testing was performed at three facilities. EcoStat worked with the Clean Air Markets Division (CAMD) to assess the precision and reliability of the Hg CEMS evaluated in the field trials. EcoStat performed the following analyses: (1) assessment of Hg CEMS precision and accuracy; (2) comparison of Hg CEMS measurements to reference method monitor readings, including an evaluation of percent difference and bias; (3) evaluation of the effect of missing data on the quality of the Hg CEMS information and allowance tracking; (4) correlation of Hg CEMS, SO2, and NOx CEMS measurements; (5) relative bias of Hg CEMS based on rolling averages; and (6) autocorrelation of Hg CEMS. A report was prepared and submitted to EPA for review. EcoStat anticipates performing additional analyses on the results of a second EPA field trial of Hg CEMS, which is currently underway.

Evaluation of Sample Size for Hg CEMS RATAs. Dr. Warren-Hicks produced a memorandum examining issues surrounding relative accuracy test audits (RATAs) of Hg monitoring systems. He performed an analysis examining the number of test runs required to provide a reasonable chance of meeting a specified RA test statistic requirement (e.g., 20%). The results of the analysis provide insight into the level at which the RA test statistic should be specified, given the inherent differences between the Hg monitoring methods and reference method measurements. The results also provide information on the number of test runs that are required to meet the RA requirement. Hg CEMS measurements are used to estimate the number of RATA runs required to ensure a RA test statistic result of 10% or 20% at specified levels of confidence. The RA statistic resulting from the data for various levels of confidence were calculated. The analyses showed that by increasing the number of runs from 9 to 24, the Genesis Hg CEMS monitor could meet a RA requirement of 10%. At the same confidence level, the number of runs required for the Genesis monitor to achieve a RA of 20% was reduced from 9 to 2. Sample size calculations were generated for each RATA, and by combining information for both RATAs for specific Hg monitors. 

Time-series Models Predicting NOx Reductions As A Function of Climatology. As a subcontractor to EC/R Incorporated, Dr. Warren-Hicks of EcoStat supported the National Oceanic and Atmospheric Administration (NOAA) in the development of an algorithm for modulating air pollution emissions estimates from electric generating units (EGUs). The methods accounted for temperature and other meteorological parameters that may affect demands for electricity. EcoStat developed a series of autoregressive linear models for linking climatology to a relative change in total NOx emissions during the ozone season. Linear regression models were fit to 2003 area-specific data. A multi-step approach was used to build the final models, and to select the final model structure. Initially, a conceptual model based on scientific and engineering principles was formulated. A series of regression model structures, based on the conceptual model, were fit to the data. The signs of the model parameters were evaluated against the conceptual model, the model goodness-of-fit was evaluated, and the model residuals were tested for normality and independence (i.e., the standard assumptions for the distribution of the model errors). Initial model fits indicated that the conceptual model structure worked well for some areas, but not others. Issues in the model fits included incorrect signs on the model parameters and autocorrelated model errors. The most severe issue was the violation of the normality and independence assumptions of the model errors. To correct for serial correlation of the model errors, an autoregressive error model was fit to the data. Testing of the resulting model errors indicated that the assumptions of normality and independence of the model errors were consistently met. Since future values of the response variable are unknown, the model kernel function was used for prediction.

Alternative Monitoring System Data Evaluations. US EPA Acid Rain Division, Office of Air and Radiation. Dr. Warren-Hicks managed a project a preliminary analysis of continuous emissions and flow monitoring data generated using both automated and manual test procedures designed to continuously measure SO2, NOx, CO2, and flow at utility stacks.  Data for the study were obtained as part of a field demonstration project sponsored by American Electric Power (AEP) and United Sciences, Inc. (USI) at three utility sites.  The statistical analyses were intended to identify disparities between manual and automated test methods.  Descriptive statistics comparing the automated and manual measurement values were calculated and summarized in tabular format.  Comparative statistics calculated included average and relative percent differences and average and relative absolute differences between the automated and manual measurements by minute and by run.  The grand mean and standard error were derived and the percent differences of the automated and manual values from the grand mean by minute and by run were also examined.  Relative accuracy results were also calculated.

Comments on UARG Proposed AEL Rule Analysis. US EPA Acid Rain Division, Office of Air and Radiation.  Dr. Warren-Hicks managed a project that provided EPA with an evaluation of the Utility Air Regulatory Group’s (UARG’s) analysis of procedures for establishing alternative emission limits (AELs) for NOx.  The UARG memorandum is dated 1/20/98.  The major issue addressed in this project is the appropriate use of autocorrelation in estimating an AEL.  He addressed the concept of autocorrelation with both EPA and industry, and developed a point-by-point assessment of the UARG document.  In addition, he created an analysis of actual NOx continuous emission monitoring (CEM) data in support of the position that autocorrelation should have no effect on the establishment of an AEL. Dr. Warren-Hicks calculated autocorrelation values for boilers used for the establishment of Phase II Group 1 boiler emissions regulations.  In addition, he performed statistical analyses showing the number of hourly NOx values required to establish a stabilized rolling average NOx emission rate. 

Statistical Evaluation of the Use of 52-day Rolling Averages Under the AEL Provisions. US EPA Acid Rain Division, Office of Air and Radiation. Under this project, Dr. Warren-Hicks provided EPA with an evaluation of the possible use of 52-day rolling averages under the AEL provisions.  This work was implemented within a larger project in which Cadmus assisted EPA in establishing the allowed Phase II Group 1 Boiler emission rates.  In addition to the evaluation of 52-day rolling averages, he explored the possibility of estimating the "best" time frame for establishing a rolling average, including 7-day, 14-day, and 30-day averaging periods.  For all analyses, he provided EPA with a brief evaluation of the impact of this averaging approach on AEL demonstration projects.

Development of an Electronic Auditing System for ETS Data. US EPA Clean Air Markets Division, Office of Air and Radiation. Dr. Warren-Hicks is the scientific and statistical lead in a project that is developing methods for assessing emissions reporting problems and issues. The objective of the project is to develop an electronic auditing framework that can be used by EPA to identify units for which the reported emissions data may warrant an onsite audit of the utility’s CEM program. Dr. Warren-Hicks is developing statistical procedures for identifying units with reporting issues. These methods include analysis of emissions variance over various time-scales, time-series models, and multivariate analyses. 
Evaluation of Alternative Emission Limits (AELs).  US EPA Clean Air Markets Division, Office of Air and Radiation. Dr. Warren-Hicks reviewed industry petitions for AELs, and performed statistical analysis on the submitted data. The statistical analyses included a review of the industry analyses contained in the petition, and an independent review of the data collected during the demonstration period. Difficult statistical issues addressed during the analysis included the effect of autocorrelation on the calculation of variance, and procedures for calculating the probability of exceeding pre-specified permit limitations. Cadmus worked closely with EPA to provide comments to the industry petitioners on their applications, and to address the establishment of AEL levels. He provided reviews of petitions from Mitchell Units 1 and 2, Chalk Point Units 1 and 2, and Mitchell Units 1 and 2. He developed a tool box of statistical applications for the analysis of the industry submitted data. In addition, Dr. Warren-Hicks compared the data collected during the demonstration period to the associated data in the Electronic Tracking System (ETS) for that unit. 

Flow Reference Method Testing and Analysis. US EPA Clean Air Markets Division, Office of Air and Radiation. Dr. Warren-Hicks provide statistical support to ARD in the analysis of volumetric flow determinations as determined by Test Method 2. Dr. Warren-Hicks participated in the design and analysis of a wind tunnel experiment conducted at North Carolina State University. Dr. Warren-Hicks created the experimental design addressing differences in measurements by various flow measurement devices and procedures. Dr. Warren-Hicks also created an experimental design for the field studies. Dr. Warren-Hicks participated in a peer-review of the project and was responsible for much of the data analysis.

Phase II Group 1 Boilers with Low NOx Burners. US EPA Clean Air Markets Division, Office of Air and Radiation. Dr. Warren-Hicks directed this study providing EPA with information on emissions from Phase II Group 1 boilers retrofitted with LNBS. The project was used by EPA in legal disputes with industry to support the Phase II NOx rules (EPA won the court case). Specifically, the objective was to determine controlled annual average NOx emission rates that would be achievable with these boilers. Cadmus, working closely with EPA, developed several data bases as the basis for this project. The data sets were entitled the LNB Application Database and the Phase II Projection Database. Using these data, differences in pre- and post-retrofit emissions were used to characterize the NOx reduction performance of LNBs on Group I boilers. The analysis included three major components: (1) characterization of controlled NOx emissions (lbs/MMBtu) for LNB retrofits on Group 1 boilers, (2) characterization of NOx reduction performance, and (3) projection of achievable emission rates (lbs/MMBtu) for Phase II Group 1 boilers retrofit with LNBs. The results of this project were used by EPA to establish Phase II Group 1 boiler emission limitations. 

Litigation Support.  US EPA Clean Air Markets Division, Office of Air and Radiation. Under a series of work assignments, Dr. Warren-Hicks supported EPA’s Acid Rain Division (ARD) in evaluating technical issues raised during litigation and the public comment period, predicting consequences of different responses to issues raised in the litigation, and preparing briefing materials covering issues raised in the litigation. He also provided technical expert testimony to address some aspects of these issues. He further supported ARD in regulatory development, particularly with regard to potential rule makings based on the results of a bias test study and on the underestimation of emissions by units equipped with scrubbers that use missing data procedures. Dr. Warren-Hicks also addressed comments on the revised cycle test time, and aspects of the calibration error and linearity tests. In addition, he provided EPA with expert technical advice on the selection of monitoring technology, methods for addressing complex statistical issues including autocorrelation, and data analysis issues.
Evaluation of Alternative Flow Monitor Petitions.  US EPA Clean Air Markets Division, Office of Air and Radiation. Dr. Warren-Hicks provided engineering, statistical, and data analysis support examining any petitions, litigation issues, and alternative monitoring technologies presented to the Agency in response to the acid rain regulations. Dr. Warren-Hicks directed the evaluated data generated by the American Electric Power Co. at their Kanawha, Clifty Creek, and Cardinal plants. Cadmus performed statistical comparisons of data generated by both manual and automated continuous emissions monitors of SO2, CO2, NOx, and flow. The comparisons allowed EPA to evaluate new automated technology that is currently available to electric utilities.
Certification Review Software (C_REV). US EPA Clean Air Markets Division, Office of Air and Radiation. Working with Elliot Lieberman of the Acid Rain Division, Dr. Warren-Hicks was responsible for creating the certification review (C_REV) statistical analysis system. Using SAS software, the code was developed in modules, each of which performed a specific analysis of the data. The final product included (1) a module to produce a summary of the monitoring plan and results from the analytical procedures, (2) a module to perform a linearity test, (3) a module to perform a calibration test, and (4) a module to perform a relative accuracy test audit (RATA). In addition, summary data were created from each of the analytical modules and stored in a separate data set. C_REV became an essential tool employed by ARD to evaluate the accuracy and quality of the utility submissions. C_REV outputs were used by ARD and EPA Regional Offices to quickly and efficiently analyze utility certification submissions. Summary information was stored in a database termed the Aggregate Data Base. These data were used by ARD to evaluate the success of the acid rain program. EPA was able to observe the actual number of submissions that passed the Part 75 requirements, evaluate the pass/fail rates of specific requirements on a national basis, and obtain measures of the Part 75 impacts on the regulated community. Under the direction of Dr. Warren-Hicks, Cadmus evaluated over 2000 certification submissions and resubmissions for Phase I units, Phase II units, and oil- and gas-fired units. C_REV outputs were transmitted to EPA and Regional Offices. Cadmus developed tracking systems to monitor the information flow from electronic diskette, to the computer analysis, report generation, and report transmittal. These organizational procedures were viewed by EPA as a major success for the acid rain program. 

Experimental Design and Analysis of Studies Evaluating Continuous Emission Monitors.  US EPA Clean Air Markets Division, Office of Air and Radiation. Dr. Warren-Hicks assisted EPA in the conceptualization of three separate field experiments for the purpose of evaluating the effectiveness of NOx, SO2, and flow emission monitors for use in EPA's Acid Rain Program. Dr. Warren-Hicks helped develop the experimental design, provided on-site consultation and evaluation, and performed data analysis. The experiments evaluated the monitors' ability to generate accurate and precise measurements of emissions patterns over time, the variability of measurements among test teams and types of monitoring devices, and the ability of the monitors to pass EPA’s quality assurance criteria under power plant operating conditions. The results of the studies were used to establish emissions monitoring requirements under EPA’s Acid Rain Program. 

Statistical Analysis In Support of Title IV of the Clean Air Act.  US EPA Acid Rain Division, Office of Air and Radiation. Working with the Source Control Branch, Acid Rain Division, EPA, Washington, DC, Dr. Warren-Hicks has been responsible for most of the statistical analyses of precision and accuracy of continuous emissions monitors measuring SO2, NOx, and flow. He was responsible for the analysis and oversight of data-based issues such as the implementation of relative accuracy and bias test procedures. Dr. Warren-Hicks managed the development of interactive computer models used to test EPA’s missing data procedures.  In addition, Dr. Warren-Hicks facilitated the Acid Rain Advisory Committee, Subcommittee on Continuous Emissions Monitoring meetings, which formulated EPA's policy for the measurement of emissions. Dr. Warren-Hicks’ work was frequently cited by EPA in Federal Register notices on the proposed implementation of the SO2, NOx, and flow rules. 

Prevention of Significant Deterioration (PSD) Permit Review and Development. EPA Region 4.  Dr. Warren-Hicks conducted PSD reviews for EPA’s Region 4. The reviews included checking and validating all engineering calculations, running ISC long-term and short-term dispersion models, drafting permit language, and working with industry submissions. The permits were developed to be consistent with both the PSD and SubPart Da standards for coal-fired boilers and other major sources.

New Source Performance Standard (NSPS) Development. EPA Region 4.  Dr. Warren-Hicks worked with EPA Region 4 to review and validate industry NSPS permit request submissions. Dr. Warren-Hicks verified engineering mass balance equations for establishing SubPart Da emissions limits and evaluated emissions calculations for best available control technologies (BACT). As part of the review, he ran EPA approved dispersion models to calculate the concentration of SO2 and NOx emissions within the permitted plant-specific emissions areas. As part of the modeling effort, he developed emission inventories and compiled NSPS from affected sources within the dispersion area.

Alternative Monitoring System Data Evaluations. US EPA Acid Rain Division, Office of Air and Radiation. Dr. Warren-Hicks managed a project a preliminary analysis of continuous emissions and flow monitoring data generated using both automated and manual test procedures designed to continuously measure SO2, NOx, CO2, and flow at utility stacks.  Data for the study were obtained as part of a field demonstration project sponsored by American Electric Power (AEP) and United Sciences, Inc. (USI) at three utility sites.  The statistical analyses were intended to identify disparities between manual and automated test methods.  Descriptive statistics comparing the automated and manual measurement values were calculated and summarized in tabular format.  Comparative statistics calculated included average and relative percent differences and average and relative absolute differences between the automated and manual measurements by minute and by run.  The grand mean and standard error were derived and the percent differences of the automated and manual values from the grand mean by minute and by run were also examined.  Relative accuracy results were also calculated.

Human Health Risk Assessment
Evaluation of Statistical Issues in the Analysis of Rodent Bioassays.  Dr. Warren-Hicks investigated the use of new methods for the analysis of rodent bioassay data. He evaluated the change in statistical results (tests against the control) using a variety of statistical models, as well as parametric and non-parametric analysis. Approaches tested include generalized linear models, mixed models, and Bayesian approaches. Of particular interest is the evaluation of within-litter correlation and the effect of within-litter correlation on paired-hypothesis testing results, for both parametric and non-parametric tests. The effect of correlation reduces the effective sample size. Dr. Warren-Hicks showed that using nested mixed models provides a reasonable adjustment for Type I error, and Bayesian generalized models where litter is considered a hierarchical model provides even better ability to isolate the true toxicity relative to the control.
Design of Human Health Risk Assessment Methods for NIEHS. Dr. Warren-Hicks led a project with the objective of generating and testing guidance for the assessment of risk to human populations as a result of chemical exposure. The guidance included: (1) methods for dose-response assessment dose-response assessment for a chemical that produces more than 1 tumor type, (2) methods for deriving FfD and RfC endpoint including Bayesian approaches, calculation of uncertainty factors, (3) estimation of internal doses and target organ doses of chemicals, and (4) methods for improved risk assessment.
Development of Imputation Methods for Longitudinal Epidemiological Studies.  Dr. Warren-Hicks researched, tested, and implemented a new method for missing data imputation in longitudinal epidemiological studies. Based on cross validation studies of the methods ability to accurately impute missing data, the method was shown to be superior to multiple imputation and other methods. The new method utilizes the concept of study strata, and is based on weighted cluster sampling of observed records, with the weights proportional the percent of time a particular value occurs in the observed data set. In cross validation studies, the weighted cluster sampling was shown to reproduce the true value 95% of the time.
Trends in Medication Usage in the Treatment of Juvenile Dermatomyositis. Juvenile Dermatomyositis (JDM) is a systemic autoimmune disease with characteristic skin rashes and chronic muscle inflammation and associated vasculopathy. Dr. Warren-Hicks assisted Dr. Takayuki Kishi of the National Institute of Environmental Health Sciences, in the evaluation of treatment trends over time, including an evaluation of the causative factors influencing therapeutic choices. The study examined the impact of initial treatment therapies to the achievement of inactive disease, complete clinical response, and remission. In prior work, the number and type of medications received by patients, including the duration of treatment, were linked to covariates that included year of diagnosis, onset severity, and presence of myositis autoantibodies (MSAs). The statistical analyses employed in these analyses were generally standard approaches, and included simple logistic regression models, Kaplin Myer models, and paired hypothesis testing techniques. A key element of the initial work was separating the specific effect of an individual therapy, when patients were treated with multiple therapies at one time. IN addition, propensity score analysis methods were used along with logistic regression models to assign individuals to treatment groups. The propensity score method was used to estimate differences between patient populations receiving different therapies, accounting for a large number of covariates.
Developing a General Biologically Based Dose-response Model of Carcinogenesis. Dr. Warren-Hicks managed this project that developed a strategy for developing a general, flexible, biologically based dose-response simulation model for carcinogenesis. Before this study, most of the simulations were primarily sequential two-stage models, based on a simplified representation of aggregates of cells. These models did not incorporate recent advances in the understanding of the cellular and molecular biology of tumor formation, such as oncogene suppression and multiple pathways. In this project, Cadmus created and proposed a simulation approach that was firmly based on the biology and mitotic cycle of individual cells, instead of statistical approximation. The approach enabled examination of a full range of biological hypotheses of carcinogenesis, including multistage and multi-event representations. Cadmus prepared a simplified computer-based version of the proposed general model to demonstrate the feasibility of the approach. 

Methods for Analysis of Mortality Risks Across Heterogeneous Small Populations: Examination of Space-Time Gradients in Cancer Mortality in North Carolina Counties 1970-75. Dr. Warren-Hicks worked with the Duke University Center for Demographic Studies to develop a probabilistic method for determination of whether a spatial west-east gradient in cancer mortality rates existed in North Carolina over the years 1970 - 1975. A significant gradient was determined to exist in the data, though only for particular race, age, and sex-specific demographic groups. Dr. Warren-Hicks aided in the development of a likelihood equation and generated computer code (Fortran) for the analysis of the data. 
Methods for Comparing The Mortality Experience of Heterogeneous Populations. Dr. Warren-Hicks worked with the Duke University Center for Demographic Studies to develop maximum likelihood estimates of the degree of heterogeneity in individual mortality risks under a variety of assumptions about the age trajectory of those risks. With these estimates of the degree of population heterogeneity, it was possible to adjust comparisons of mortality risks across populations for the effects of population heterogeneity, differential mortality selection, and different age trajectories of the force of mortality. 

Dynamic Analysis of chronic Disease Development: A Study of Sex Specific Changes in Coronary Heart Disease in Framingham.  Dr. Warren-Hicks worked with the Duke University Center for Demographic Studies to develop a methodology designed specifically for the analysis of longitudinal data. The methodology is based on an explicit model of the disease process which aides in the interpretation of the longitudinal results. The methodology permits the analysis of risk variable changes over time to be conducted independently of the analysis of the relation of risk variable values to chronic heart disease risk.

Long Term 2 Enhanced Surface Water Treatment Rule (EPA/OGWDW).  Dr. Warren-Hicks provided statistical support in the development of a Bayesian hierarchal model in support of the LT2ESWTR drinking water rule that will regulate the risks from Cryptosporidium . A major component is an innovative hierarchical Markov Chain Monte Carlo model to estimate pathogen distribution along any dimension, including national, type of plant or source water, and even individual plants. The risk model estimates individual risk based on treatment in place, source water occurrence, additional treatment, and variability in ingestion. The model performs the Monte Carlo calculations using matrix algebra rather than computer-intensive iterations, shortening run time from days to minutes. The health endpoints include three severities of acute illness in addition to death. Special mortality rates were derived for AIDS-related deaths. The model includes components for secondary (person-to-person) spread. A Poisson-based exposure model estimates the risk of infection given different exposure patterns for an entire year. 

A Bayesian Model Estimating the Probability of Occurrence of Drinking Water Virus and Bacteria. Dr. Warren-Hicks assisted EPA’s Office of Ground Water and Drinking Water in the development of models estimating the probability of occurrence of virus and bacteria in drinking water wells. A Bayesian model was used to overcome issues in the available data including inadequate laboratory techniques for finding virus and bacteria in water samples, missing data, and small sample sizes. Several forms of the model were developed and tested. Graphical outputs of the probability measures were created. The model produced estimates of (1) the probability of finding virus and bacteria in a drinking water well when the virus or bacteria are truly present, the probability that virus or bacteria are present in the well even if they are not identified during laboratory analysis, and the relationship between occurrence probability and external parameters such as geographic location, well size, well type, etc. The results of the study were used to inform the Ground Water Rule (GWR) Economic Analysis (EA) with respect to the following questions: (1) Can the current GWR EA be improved by developing better estimates of national viral occurrence in ground water supplies?, (2) Can the current GWR EA be improved by developing better estimates of fecal indicator hit rates in ground water supplies?, and (3) What do the presence of fecal indicators in ground water supplies tell us about viral pathogen occurrence?

Global Climate Change

Policy Analysis Support for Estimating Energy Consumption. Dr. Warren-Hicks provided EPA's Energy Efficiency Program with insightful evaluation of available data and analytical methods for estimating energy consumption and emissions rates. As part of this project, he analyzed voluntary reporting systems for greenhouse gases in the United States.  These reporting systems included the 1605(b)-system established as part of the Energy Policy Act of 1992, the MIDB data bases on Green Lights and Energy Star Buildings maintained by EPA, and the International Performance Measurement and Verification Protocol (IPMVP).  The goal of the analysis was to determine whether or not current reporting systems provide an accurate basis from which to develop a program for greenhouse gas emission-reduction credits.  In particular, he focused on the ability of the data bases to support EPA's efforts in demand-side reductions, such as the introduction of more efficient lighting or heating systems.  Dr. Warren-Hicks found that the data bases provided adequate information, but several issues such as transfer of information, data collection procedures, documentation of information, and data base structure needed to be addressed.

Examination of Climate Change Guidelines and the EPA Vintaging Model. Dr. Warren-Hicks performed an examination of whether the Intergovernmental Panel on Climate Change (IPCC) Guidelines and the EPA Vintaging Model appear adequate as methodologies for supporting international trading of high global warming potential (GWP) gases.  He discovered that the accuracy and precision of emissions estimates for most GWP gases were difficult to assess in a quantitative fashion.  Little information is available documenting actual studies of emissions rates.  The methodologies for estimating emissions of specific GWP gases were frequently very different, resulting in differing national emissions estimates.  From and engineering perspective, the structural forms of the equations seem to be sound, the largest sources of errors in the two methods are associated with uncertain input parameters and country-specific coefficients in emission factor equations rather than from any fundamental flaw in the form of the emission estimating models.  EPA is used the results of the study to plan future work on the issue of accuracy and precision of national emissions estimates.

Wind Energy Projects
Lead Panel Member: Peer Review of Marbled Murrelet – Wind Turbine Collision Model for the Radar Ridge Wind Resource Area. Dr. Warren-Hicks developed a panel of distinguished experts in the areas of collision risk modeling, avian biology, radar monitoring studies, and avian population dynamics. A comprehensive review of reports and data were provided to the U. S. Fish and Wildlife service in support of a permit decision under the Endangered Species Act. Dr. Warren-Hicks developed a Monte Carlo model as part of the review which was used to estimate uncertainty in annual and periodic mortality estimates conditional on existing radar and biological data.
National Wind Coordination Committee (NWCC), Risk Assessment Workgroup. Dr. Warren-Hicks was contracted by the NWCC to support the development of a white paper entitled Ecological Risk Assessment: A Framework for Wildlife Assessments At Wind Energy Facilities. Dr. Warren-Hicks created a draft document and worked with members of the workgroup to create the final document. Dr. Warren-Hicks led the presentation of the workgroup findings to the full committee.
Development and Testing of a New Offshore Avian Collision Risk Model That Incorporates Behavioral Avoidance and Formal Uncertainty Analysis. Under a research grant from BOEMRE (formerly Minerals Management Service), Dr. Warren-Hicks created and tested a new collision-based risk model to evaluate the probability and magnitude of Roseate Tern fatalities likely to result from collision with wind turbines located at offshore wind facilities. Information informing the model input parameters were obtained from field observations conducted on the campus of the Massachusetts Maritime Academy (MMA), Buzzards Bay, Massachusetts, which owns and operates a Vestas 660-kW wind turbine. The risk model combines elements of the approach used to infer risk to Roseate Terns at the proposed Cape Wind Energy Project, including a collision risk model developed and used in the Cape Wind assessment and developed by Dr. Ethan Bolker of the University of Massachusetts. The risk-based model enhances the original work of Bolker by explicitly incorporating observations of tern avoidance and including a formal approach to model uncertainty analysis. 

Review and Evaluation of Collision Risk Models of Avian Mortality. Under a research grant from BOEMRE (formerly Minerals Management Service), Dr. Warren-Hicks conducted a comprehensive literature review of collision risk models published and implemented in both the US and Europe. Dr. Warren-Hicks consulted directly with selected developers, including Dr. Mark Desholm of the National Environmental Research Institute of Denmark. The models were categorized into mechanistic and probabilistic models. The advantages and disadvantages of each model structure were evaluated. A formal report including actual model equations, software (when available), and examples was prepared and submitted to BOEMRE.

Development and Testing of a Probability-Based Model of Indiana Bat Collision Risk. Dr. Warren-Hicks developed a probability-based model of collision risk to evaluate the probability and magnitude of Indiana bat (Myotis sodalis) fatalities that may result from collision with wind turbines at the proposed Buckeye Wind Power Project in Champaign County, OH. The results of this model will be used to estimate take that would be permitted under an Incidental Take Permit (ITP) issued by the U.S. Fish and Wildlife Service (USFWS) in accordance with the Buckeye Wind Project Habitat Conservation Plan (HCP). The model was developed as a decision-analytic tool for presenting the uncertainty in collision estimates. The model incorporates a number of elements not currently found in collision models published in the literature, including (1) formal uncertainty analysis, (2) estimation of random pathways to mimic the erratic movements of bats, (3) estimation of random flight heights to mimic the erratic movement of bats, (4) probability-based approaches for generating seasonal estimates of take, and (5) incorporation of avoidance information as a formal probability distribution. 

Improving Methods to Access and Mitigate Impacts of Wind Energy Development on Birds and Bats in California. Dr. Warren-Hicks, under a research grant from the California Energy Commission (CEC), is directing a project designed to improve estimates of bird and bat collision risk associated with wind energy facilities. The project consists of both a field data collection component and the testing and development of avian and bat mortality estimation equations and models. Specifically, the project will generate information that can be used to (1) compare existing mortality estimation methods, (2) develop advanced models that link observational data with measurements of ecological condition, (3) test and evaluate the shape of carcass removal curves (or scavenging curves) under a variety of environmental conditions, (4) evaluate the effect of time-dependency on the probability of bird and bat scavenging and removal, and (5) evaluate the relationship of survey error with other factors, such as density of the carcasses on the ground at the time of observation, whole or partial carcass remains, and environmental conditions. 
Evaluation of Avian Mortality at the Altamont Wind Resources Area. Dr. Warren-Hicks, under contract to NexTera Energy, provided statistical consulting on issues associated with the precision and accuracy of avian mortality estimates at the Altamont Wind Resources Area. Dr. Warren-Hicks compiled a data base containing multi-year survey information, including information required for mortality estimation. Dr. Warren-Hicks provided comments to the Altamont Scientific Review Committee on issues including the proper interpretation of estimation equations, survey design, estimation of mortality error, estimation of sampling error, statistical procedures for dealing with zero dominated data sets, estimation of the interaction between scavenging error and observer bias, and estimation of time-dependent processes. Dr. Warren-Hicks developed several new models for estimation of collision-risk mortality using survey data. Both a frequentist and a Bayesian model were developed and presented to the SRC and NexTera Energy. 
Avian Survey Design: Development of a Probability-Based Survey Design for the Altamont Wind Resources Area. For NexTera Energy, Dr. Warren-Hicks created a new mortality monitoring survey design for implementation at the Altamont Wind Resources Area. The design was constructed based on information and relationships obtained during the analysis of a three-year monitoring program at the Altamont. The design focused on a turbine string as the sampling unit, and was aimed at maximizing the information content of the resulting data under minimal cost constraints. The design took advantage of a Bayesian model designed to link mortality with both turbine characteristics and topographic information.
Risk Assessment Guidance: Studying Wind Energy/Wildlife Interactions. In 2008, Dr. Warren-Hicks created a chapter in the multi-authored document entitled Studying Wind Energy/Wildlife Interactions that provided a framework for using risk assessment principles in the assessment of impacts to birds and bats at wind facilities. The document serves as a guidance document for future environmental assessments. The risk assessment framework is a conceptualization of the environmental assessment process that provides a common vocabulary and procedures among regulators and the wind development community. The chapter utilizes risk assessment principles and vocabulary consistently with other government agencies, including the Department of Energy, the Environmental Protection Agency, and their European counterparts. A final chapter was submitted in February 2010.






