PROTOCOL

For Regulatory Photochemical Air Quality Modeling

Of The Washington, DC Metropolitan Region
[image: image1.jpg]




Prepared by:


Virginia Department of Environmental Quality

In Consultation With:

Maryland Department of the Environment

District of Columbia Department of Health
Metropolitan Washington Council of Governments

U. S. Environmental Protection Agency, Region III

University of Maryland, Department of Meteorology

DRAFT

November 15, 2005


PROTOCOL


For Regulatory Photochemical Air Quality Modeling 


Of The Washington, DC Region

TABLE OF CONTENTS
4I.
MODELING STUDY DESIGN


4A.
Background and Objectives


6B.
Schedule and Deliverables


7C.
Management Structure and Committees


11D.
Committee/Participant Interaction


11E.
Participating Organizations


12F.
Relationship to Regional Modeling Protocols


12G.
Conceptual Model


13II.
DOMAIN AND DATABASE ISSUES


13A.
Episode Selection


15B.
Size of the Modeling Domain


15C.
Horizontal Grid Size


15D.
Vertical Resolution


16E.
Initial and Boundary Conditions


16F.
Meteorological Model Selection and Configuration


17G.
Emissions Model Selection and Configuration


17H.
Air Quality Model Selection and Configuration


18I.
Quality Assurance


20III.
MODEL PERFORMANCE EVALUATION


20A.
Overview


20B.
Operational Evaluation


21C.
Diagnostic Evaluation


23IV.
ATTAINMENT DEMONSTRATION


23A.
Overview


23B.
Modeling Attainment Test


25C.
Unmonitored Area Analysis


25D.
Emissions Inventories


26E.
Additional Analyses


27V.
PROCEDURAL REQUIREMENTS


27A.
Reporting


27B.
Data Archival and Transfer of Modeling Files




GENERAL REFERENCES








EPA GUIDANCE DOCUMENTS







APPENDICES
Appendix A - Modeling Schedules
Appendix B - Bylaws of the Metropolitan Washington Air Quality Committee
Appendix C - Interstate Air Quality Council Memorandum of Understanding

Appendix D - Conceptual Model Information

Appendix E - Boundaries of the Modeling Domains
Appendix F - Diagnostic and Sensitivity Tests for 12-km and 4-km Horizontal Grid Resolutions
Appendix G - Horizontal Grid Definitions for CMAQ Modeling Domains

Appendix H - Vertical Layer Definitions for MM5 and CMAQ Modeling Domains
Appendix I - MM5 Configurations

Appendix J - SMOKE Configurations

Appendix K - CMAQ Configurations

Appendix L - Supplemental Analyses and Weight of Evidence Techniques
I. MODELING STUDY DESIGN
A. Background and Objectives
In 1997, the ozone National Ambient Air Quality Standard was reviewed, and the Environmental Protection Agency (EPA) recommended that the ozone standard be changed from 0.12 parts per million of ozone measured over one hour to a standard of 0.08 parts per million (ppm) measured over eight hours, with the average fourth highest concentration over a three-year period determining whether an area is in compliance.  The revised standard recognizes current scientific view that the previous ozone standard of 0.12 ppm was not sufficiently protective of public health.
The Washington Metropolitan Statistical Area (MSA) has been classified a moderate nonattainment area for ozone based on the 8-hour standard with an attainment date of June 15, 2010.  In making designations and classifications, EPA uses the most recent 3 years of monitoring data. The current designations and classifications are based on monitoring data collected in 2001-2003.    
Table 1 identifies all jurisdictions that EPA has designated as nonattainment within the Washington MSA: 

Table 1.  Washington MSA Designations for 8-hour Ozone Standard

	Jurisdiction
	Counties
	Classification
	Maximum 
Attainment Date
(from June 15, 2004)

	District of Columbia
	District of Columbia
	Moderate
	June 15, 2010

	Maryland
	Calvert 
Charles
Frederick
Montgomery
Prince George's
	
	

	Virginia
	Alexandria City 
Arlington 
Fairfax City
Fairfax 
Falls Church City
Loudoun 
Manassas City
Manassas Park City
Prince William
	
	


Figure 1 provides a graphical representation of the Washington MSA.  

Figure 1.  Washington Metropolitan Statistical Area and Surrounding Region
[image: image2.jpg](&)

Washington, DC 8-Hour Ozone Nonattainment Area

Frederick Co.

Montgomery Co.

Loudoun Co. \Washington, DC

Artington Co.

Fairfax Co.
Alexandria

Prince George's Co.

Prince Willam Co.

Charles Co.

vionmenal Progams

HorT Sabs





The State Air Quality Management Agencies responsible for making the attainment demonstration for the Washington MSA are the Washington, D.C. Department of Health (DCDOH), the Virginia Department of Environmental Quality (VADEQ), the Maryland Department of the Environment (MDE). The Metropolitan Washington Air Quality Committee (MWAQC) and Metropolitan Washington Council of Governments (MWCOG) are responsible for preparing the regional air quality plan for the 8-hour ozone standard such that it can be submitted individually to EPA by the three Air Agencies as their State Implementation Plan (SIP).  
The objective of this modeling study is to enable the air agencies to analyze the efficacy of various control strategies, and to demonstrate that the measures adopted as part of the State Implementation Plan will result in attainment of the ozone standard by June 15, 2010.  The procedures set forth in this protocol have been developed in accordance with the Guidance on the Use of Models and Other Analyses in Attainment Demonstrations for the 8-hour Ozone NAAQS (EPA-454/R-05-002, October 2005).  
This modeling project will directed by a Technical Committee and a Policy Committee.  These committees will agree upon the contents of the protocol document before submitting it to the Technical Advisory Committee (TAC) for their information and review.  Upon completion of the TAC review process, the draft protocol shall be submitted to EPA Region III for approval.  Submission of the protocol and its subsequent approval by EPA Region III does not preclude future changes in the document deemed necessary by the involved parties.  Such changes will be approved by the Technical and Policy Committees and the TAC. These changes may reflect evolving EPA guidance, or the development or refinement of existing procedures by consent of the involved parties.

B. Schedule and Deliverables
VADEQ, in consultation with the MDE, DCDOH and MWCOG, is responsible for conducting the CMAQ runs for the Washington, D.C. domain.  A similar effort is underway at the University of Maryland (UMD) in conjunction with Ozone Transport Commission (OTC).  Installation of the models at VADEQ and UMD has been completed and diagnostic procedures have been run successfully.  The models have been benchmarked against other modeling platforms across the region.  
The modeling schedule for the Washington, D.C. attainment demonstration is provided in Attachment A.  This appendix also provides the regional modeling schedules for the OTC and the Association for Southeastern Integrated Planning (ASIP).  The analyses conducted by the Regional Planning Organizations (RPO) provide the basic platform of the Washington, D.C. attainment demonstration.  The schedules will periodically be updated during the modeling process. 
All interim and final modeling deliverables will be submitted first to the Technical and Policy Committees (Table 2) for comment and preliminary approval.  Additional comments and suggestions may be provided by the Technical Information Providers (Table 3), Contractual Advisors (see Table 4), or other interested parties as identified in the modeling protocol.  Following comment and preliminary approval by the Technical and Policy Committees, the final modeling results will be submitted to TAC for their review.  TAC shall advise MWAQC on potential policy issues related to the air quality analysis and recommend appropriate actions to MWAQC in accordance with the Bylaws of MWAQC (Appendix B).
C. Management Structure and Committees
MWAQC has been certified by the State Governors and the Mayor of Washington, D.C. to develop the 8-hour ozone attainment plan for the DC metropolitan region in order for the area to comply with federal ozone standards.  MWAQC will develop control strategies for the plan based on data compiled and submitted to them by TAC.  The final control case modeling will be based on these strategies.

MDE, VADEQ and the DCDOH are the agencies responsible for conducting and submitting the regional modeling attainment demonstration by June 15, 2010 to EPA.  The lead modeling agency is the VADEQ, but the modeling project will be managed jointly by VADEQ, MDE and DCDOH through a Policy Committee and a Technical Committee within the framework of the MWAQC.

Table 2. Policy and Technical Committee Members
	Domain Lead
	Policy Committee
	Technical Committee

	Tom Ballou
Director, Air Data Analysis
Virginia DEQ - Central Office

629 East Main Street, Richmond, VA 23219

P.O. Box 10009, Richmond, VA 23240-0009

(804) 698-4406
trballou@deq.virginia.gov
	Jim Sydnor
Director, Air Quality Planning and Monitoring
Virginia DEQ - Central Office

629 East Main Street, Richmond, VA 23219

P.O. Box 10009, Richmond, VA 23240-0009

(804) 698-4424
jesydnor@deq.virginia.gov
	Mike Kiss
Meteorologist

Virginia DEQ - Central Office

629 East Main Street, Richmond, VA 23219

P.O. Box 10009, Richmond, VA 23240-0009

(804) 698-4460
mfkiss@deq.virginia.gov

	
	Tad Aburn
Program Manager
Maryland Department of the Environment

Air Quality Planning Division – ARMA

1800 Washington Blvd., Ste. 730

Baltimore, MD 21230-1720
(410) 537-3245
gaburn@mde.state.md.us
	Shiang-Yuh Wu
Regional Air Quality Modeler
Virginia DEQ - Central Office

629 East Main Street, Richmond, VA 23219

P.O. Box 10009, Richmond, VA 23240-0009

(804) 698-4410

swu@deq.virginia.gov

	
	Stan Tracey, Chief – Engineering & Planning Air Quality Division, DC Dept. of Health
51 N Street, NE 5th Floor

Washington, DC 20002

(202) 535-2255

Alternate: Ram Tangirala 

rama.tangirala@dc.gov
	Jin-Sheng Lin
Regional Air Quality Modeler
Virginia DEQ - Central Office

629 East Main Street, Richmond, VA 23219

P.O. Box 10009, Richmond, VA 23240-0009

(804) 698-4571
jlin@deq.virginia.gov


	Domain Lead
	Policy Committee
	Technical Committee

	
	Joan Rohlfs

Chief, Air Quality Planning
Metropolitan Washington COG

Suite 300

777 North Capitol Street, NE

Washington, DC 20002

(202) 962-3358
jrohlfs@mwcog.org
	Matt Seybold

Meteorologist

Maryland Department of the Environment

Air Quality Planning Division – ARMA

1800 Washington Blvd., Ste. 730

Baltimore, MD 21230-1720
(410) 537-4401

mseybold@mde.state.md.us

	
	Dana Kauffman
MWAQC Chair
Fairfax County Board of Supervisors

6121 Franconia Road, Alexandria, VA 22310
(703) 971-6262
leedist@fairfaxcounty.gov
	Mike Woodman
Meteorologist

Maryland Department of the Environment

Air Quality Planning Division – ARMA

1800 Washington Blvd., Ste. 730

Baltimore, MD 21230-1720
(410) 537-3229
mwoodman@mde.state.md.us

	
	David Campbell
Chief, Permits and Technical Assessment Branch
US EPA Region III

Air Protection Division

1650 Arch Street (3AP11)

Philadelphia, PA 19103-2029

 (215) 814-2111
campbell.dave@epa.gov 
	Ram Tangirala

Air Quality Division, DC Dept. of Health
51 N Street, NE 5th Floor

Washington, DC 20002
(202) 535-2989
rama.tangirala@dc.gov

	
	
	Sunil Kumar
Senior Environmental Engineer
Metropolitan Washington COG

Suite 300

777 North Capitol Street, NE

Washington, DC 20002

 (202) 962-3244
skumar@mwcog.org

	
	
	Todd Ellsworth
US EPA Region III
Air Quality Analysis Branch
Air Protection Division

1650 Arch Street (3AP11)

Philadelphia, PA 19103-2029

 (215) 814-2195
ellsworth.todd@epa.gov


The role of the Technical Committee will be to assemble the necessary modeling inputs in the proper format, to recommend the meteorological episodes and report on the effectiveness of control strategies that are modeled.

The Policy Committee will evaluate the recommended episodes and strategies, and the overall modeling methodology to ensure that these are appropriate and consistent with the directions of the three participating state agencies and EPA guidance. 

The Domain Lead will prepare progress reports, either written or verbal, to the Policy Committee highlighting the status of tasks in the schedule shown in Appendix A, identifying significant conflicts or decisions, and recommending actions.  Copies of the reports will be sent to EPA, all Policy and Technical Committee members, the MWAQC staff, and the TAC when appropriate. 

The Domain Lead, in conjunction with the Technical Committee members, will obtain information from the Technical Information Providers identified by their respective agencies as responsible for providing the air monitoring, meteorological, emission inventory and control strategy information necessary to perform the modeling described in this protocol.

Contractual Advisors will provide detailed technical advice on episode selection, sensitivity analyses, and the interpretation of meteorological output data from the model.
Table 3. Technical Information Providers
	Organization
	Contact Information

	Mid-Atlantic Regional Air Management Association
(MARAMA)
	Serpil Kayin

Senior Environmental Scientist
Mid-Atlantic Regional Air Management Association
711 West 40th Street

Suite 312

Baltimore, MD 21211-2109
(410) 467-0170

skayin@marama.org

	Organization
	Contact Information

	Association for Southeastern

Integrated Planning
(ASIP)
Visibility Improvement State and Tribal Association of the Southeast
(VISTAS)
	Pat Brewer
Technical Coordinator
VISTAS
2090 U.S. 70 Highway

Swannanoa, NC 28778

(828) 296-4500

pat.brewer@ncmail.net

	Ozone Transport Commission
(OTC)
Mid-Atlantic/Northeast Visibility Union (MANE-VU)
	Doug Austin
Program Manager

Ozone Transport Commission

Hall of the States, 444 North Capitol St.,

Suite 638; Washington, DC 20001. USA

(202) 508-3827
Email : daustin@otcair.org


Table 4. Contractual Advisors

	Organization
	Contact Information

	University of Maryland

Department of Atmospheric & Oceanic Science
	Dale Allen

Assistant Research Scientist

University of Maryland

Department of Atmospheric & Oceanic Science

College Park, Maryland 20742-2425

301-405-7629

allen@atmos.umd.edu

	University of Maryland

Department of Atmospheric & Oceanic Science
	Jeff Stehr

Assistant Research Scientist

University of Maryland

Department of Atmospheric & Oceanic Science

College Park, Maryland 20742-2425

301-405-7638

stehr@atmos.umd.edu


	Organization
	Contact Information

	University of Maryland

Department of Atmospheric & Oceanic Science
	Charles Piety

Faculty Research Assistant

University of Maryland

Department of Atmospheric & Oceanic Science

College Park, Maryland 20742-2425

301-405-7668

charles@atmos.umd.edu

	University of Maryland

Department of Chemical Engineering
(Emissions)
	Sheryl Ehrman

Department of Chemical Engineering

1223C Building 090 (office)

2113 Building 090 (mailing address)

Department of Chemical Engineering

University of Maryland

College Park, MD 20742

Ph: (301) 405-1917

Fax: (301) 314-9126

E-mail: sehrman@eng.umd.edu

	University of Maryland

Department of Atmospheric & Oceanic Science
(Meteorology)
	Da-Lin Zhang

Professor

University of Maryland

Department of Atmospheric & Oceanic Science

College Park, Maryland 20742-2425

301-405-2018

dalin@atmos.umd.edu

	University of Maryland

Department of Atmospheric & Oceanic Science
(Meteorology)
	Shunli Zhang

Research Associate (postdoc)

University of Maryland

Department of Atmospheric & Oceanic Science

College Park, Maryland 20742-2425

(301) 405-5321

shunli@atmos.umd.edu


D. Committee/Participant Interaction
The lead agency for coordinating the running of the model and performing the modeling runs will be the VADEQ.  

The members of both the Interstate Air Quality Council (IAQC) and MWAQC will develop a process to recommend strategies to be modeled and to evaluate the benefits of the recommended strategies in accordance with the Interstate Air Quality Council Memorandum of Understanding (Appendix C).  The process will include a selection and ratification procedure through which the selected strategies will become part of the final air quality plan for the respective region.
E. Participating Organizations
The Domain Lead and the Technical Committee will obtain information from the individuals identified by each agency as responsible for providing the air monitoring, meteorological, emission inventory and control strategy information necessary to perform the modeling described in this protocol.  Strategies other than those mandated by the Clean Air Act will be developed by MWAQC and the TAC.  The Domain Lead will gather the necessary data to model both the required and selected strategies and compile the results for review by the Policy Committee.  
Representatives of the Technical and Policy Committees will present the modeling results to TAC for evaluation.  TAC will then advise MWAQC according to their established procedures.  Further analysis may be necessary as determined by the involved committees or other strategies may be recommended by MWAQC for incorporation into the regional air quality plan.  Insofar as resources permit, sufficient model runs will be completed to evaluate any policy option a state or locality wishes to implement. 

In general, the Policy and Technical Committees will attempt to avoid conflict regarding technical modeling issues by holding joint meetings and building consensus among the members.  The modeling shall in all cases be consistent with established EPA policies.  In cases of policy disputes, the State Air Directors and Secretaries or their equivalents may be consulted for guidance.  The State Air Directors will seek to resolve policy and technical issues at their level whenever possible before elevating the problem to the IAQC.

F. Relationship to Regional Modeling Protocols
The state members of the committees for this study are also members of the OTC and ASIP modeling committees.  This membership will allow them to coordinate the analyses performed for Washington, D.C. with those conducted by OTC and ASIP to the extent practicable.  

The Policy Committee and the TAC will oversee the modeling work and make appropriate reports to the full MWAQC through regular briefings and offer other information in cases where specific technical decisions may have other policy implications.  The Technical Committee members and members of other committees involved in the project who are also members of OTC and ASIP will make sure to the extent practicable that there is consistency between the regional and urban modeling efforts.

G. Conceptual Model
EPA recommends that a conceptual description of the area’s ozone problem be developed prior to the initiation of any air quality modeling study.  A “conceptual description” is a qualitative way of characterizing the nature of an area’s nonattainment problem. Within the conceptual description of a particular modeling exercise, it is recommended that the specific meteorological parameters that influence air quality be identified and qualitatively ranked in importance.
The conceptual model for this study consists of the following components as provided in Appendix D:

1. A qualitative analysis of the 2002 ozone season (Ryan and Piety 2002, 2005) 
2. The Ozone Episode Classification Project for Ozone Transport Commission (Environ 2005)
3.  Portions of the MDE conceptual model presentation.  

II. DOMAIN AND DATABASE ISSUES
A. Episode Selection
The procedures for selecting 8-hr ozone modeling episodes seek to achieve a balance between good science and regulatory needs and constraints. Modeling episodes, once selected, influence technical and policy decisions for many years. Clearly, both the direct and implicit procedures used in selecting episodes warrant full consideration.
Historically, ozone attainment demonstrations have been based on a limited number of episodes consisting of several days each.  In the past, the number of days modeled has been limited by the speed of computers and the ability to store the model output files. With the advancement in computer technology over the past decade, computer speed and storage issues are no longer an impediment to modeling long time periods.
Additionally, recent research has shown that model performance evaluations and the response to emissions controls need to consider modeling results from long time periods, in particular full synoptic cycles or even full ozone seasons.  In order to examine the response to ozone control strategies, it may not be necessary to model a full ozone season (or seasons), but it is recommended by EPA to model “longer” episodes that encompass full synoptic cycles.  
The policy and technical criteria that influenced episode selection for this study include:  

1. Choose a mix of episodes reflecting a variety of meteorological conditions which frequently correspond with observed 8-hour daily maxima greater than 84 ppb at multiple monitoring sites.  

2. Model periods in which observed 8-hour daily maximum concentrations are close to the average 4th high 8-hour daily maximum ozone concentrations.

3. Model periods for which extensive air quality/meteorological data bases exist.  

4. Model a sufficient number of days so that the modeled attainment test applied at each monitor violating the NAAQS is based on at least several days (i.e., 10 days).
A two-tiered approach will be applied in the selection of modeling episodes.  It is intended that a major portion of the 2002 ozone season (May 1 to September 30) will be simulated in the final SIP modeling analysis.  However, it may be beneficial to model smaller episode periods during the control strategy evaluation process to maximize the number of strategies that can be modeled.  Therefore, individual modeling episodes were also evaluated as part of this process. 

It is anticipated the total number of days examined under this two-tiered approach would far exceed EPA recommendations, and would also provide for better assessment of the simulated pollutant fields. 
The individual smaller episode selection process gave preference to episodes occurring during the current average design value period.  Additionally, multi-day episodes were given preference to attempt to ensure that there were several days with monitored ozone concentrations near the site-specific design value at each monitoring site in the nonattainment area.

The rationale for distinguishing among individual modeled episodes was conducted using a qualitative analysis (Ryan and Piety 2002) (Appendix D) and a quantitative analysis conducted by the consultant for OTC (Environ 2005) (Appendix D).  
The qualitative analysis was conducted through an evaluation of weather maps (surface and aloft) and air quality measurements, in order to distinguish between individual episodes with distinctively different meteorological regimes.  Specifically, the qualitative analysis involved the evaluation of phenomenological variables, some of which are present during each high ozone weather pattern in Washington, D.C.  These include, but are not limited to, the following:

1. The presence of a migrating continental surface high pressure

2. The strength and location of the upper air (500 mb) ridge

3. Warm air advection in boundary layer prior to the episode onset

4. Residual layer of high ozone aloft indicating transport of ozone and ozone precursors

5. Appalachian Lee Trough (ALT) associated with a pollutant convergence zone east of the Appalachians.

6. Easterly Flow Reversal indicating transport from Northeast Corridor

7. Low-Level Jet indicating transport from a southerly direction
8. Re-circulation and frontal boundaries

The result of this process produced the following proposed individual episodes:

4. Episode of June 10-12, 2002
5. Episode June 22-26, 2002
6. Episode of July 1-3, 2002 

7. Episode of July 31-August 5, 2002
8. Episode of August 10-14, 2002
9. Episode of September 9-10, 2002
The individual episodes will be run in a “hot start” mode.  Therefore, no “spin-up” days are required.  The initial and boundary conditions for the individual episodes shall be obtained from either the OTC or the ASIP annual simulation.  
The following three individual episode “periods” were selected to encompass these individual episodes:
1. Episode of June 6-July 5, 2002

2. Episode of July 27-August 16, 2002
3. Episode of September 5-12, 2002

B. Size of the Modeling Domain
The boundaries of the OTC and ASIP CMAQ modeling domains are provided in Appendix E.  It is intended that the final SIP modeling analysis will utilize the modeling domain boundaries established by OTC.  It may be necessary to run interim modeling simulations using the ASIP modeling domain depending on the timing and availability of the individual RPO emissions inventories.
C. Horizontal Grid Size
The OTC and ASIP platforms which provide the basic platform for the Washington, D.C. modeling analysis both utilize a coarse grid continental United States (US) domain with a 36-km horizontal grid resolution.  The CMAQ domain is nested in the MM5 domain.  A larger MM5 domain was selected for both MM5 simulations to provide a buffer of several grid cells around each boundary of the CMAQ 36 km domain. This is designed to eliminate any errors in the meteorology from boundary effects in the MM5 simulation at the interface of the MM5 model. The buffer region used in both the OTC and ASIP simulations exceed the EPA suggestion of at least a 5 grid cell buffer at each boundary.
The horizontal grid size for the both regional modeling domains is 12-km.  As part of this modeling exercise and to address EPA recommendations, diagnostic and sensitivity tests were conducted for both 12-km and 4-km grid resolutions (see Appendix F).  The results of these analyses resulted in the following conclusions: 
1. The modeling results with 12-km grid cell size are slightly better than the modeling results using a 4-km grid resolution.  
2. The increased computer costs, run times and data base management needs associated with the finer grid scales in combination with the performance results do not support the use of 4-km grid resolution modeling.  
Appendix G contains the horizontal grid definitions for the MM5 and CMAQ modeling domains used in the OTC/MANE-VU and ASIP/VISTAS modeling analyses.      
D. Vertical Resolution
The CMAQ vertical structure is primarily defined by the vertical grid used in the MM5 modeling.  The MM5 model employed a terrain following coordinate system defined by pressure.  The layer averaging scheme adopted for CMAQ is designed to reduce the computational cost of the CMAQ simulations.  The effects of layer averaging have a relatively minor effect on the model performance metrics when compared to ambient monitoring data.
Appendix H contains the vertical layer definitions for the MM5 and CMAQ modeling domains used in the two regional modeling analyses.  
E. Initial and Boundary Conditions
The influence of boundary conditions shall be minimized to the extent possible.  The modeling domains for both OTC and ASIP are large enough to allow the use of clean or relatively clean boundary conditions.
Prior experiences have shown that a 3-day ramp-up period is sufficient to establish pollutant levels that are encountered in the beginning of the ozone episode.  The initial conditions at the startup would be for “clean” conditions.

In prior studies attempts have been made to include any information that is available from ozonesonde and from monitors that are near the boundaries of the modeling domain. For this study, similar attempts will be made to obtain pollutant data at the boundaries.  In the absence of reliable boundary condition data, “clean conditions” will be assumed for boundary conditions.

F. Meteorological Model Selection and Configuration
The Pennsylvania State University/National Center for Atmospheric Research (PSU/NCAR) Mesoscale Meteorological Model (MM5) was selected for application in the Washington, D.C. nonattainment modeling analysis.  MM5 is a non-hydrostatic, prognostic meteorological model routinely used for urban- and regional-scale photochemical regulatory modeling studies.
Results of detailed performance evaluations of the MM5 modeling system in regulatory air quality application studies have been widely reported in the literature (i.e., Emery et al. 1999; Tesche et al., 2000, 2003) and many have involved comparisons with other prognostic models such as RAMS and SAIMM.  The MM5 enjoys a far richer application history in regulatory modeling studies compared with RAMS or other models. Furthermore, in evaluations of these models in over 60 recent regional scale air quality application studies since 1995, it has been generally found that MM5 model tends to produce somewhat better photochemical model inputs than alternative models.  For these reasons MM5 was selected as the meteorological modeling system for this modeling application.

Based on model validation and sensitivity testing, the MM5 configurations provided in Appendix I were selected by OTC and ASIP.
It is expected that the final SIP modeling analysis will utilize the MM5 data set developed by UMD in conjunction with OTC.  However, it may be necessary to run interim modeling simulations using the ASIP MM5 data set.  All analyses will be coordinated between the Technical and Policy Committees along with TAC in order to corroborate the attainment demonstration and reconcile any significant differences between meteorological data sets.
G. Emissions Model Selection and Configuration
The Sparse Matrix Operator Kernel Emissions (SMOKE) Emissions Processing System was selected for application in the Washington, D.C. nonattainment modeling analysis.  SMOKE is principally an emission processing system and not a true emissions inventory preparation system in which emissions estimates are simulated from ‘first principles’. This means that, with the exception of mobile and biogenic sources, its purpose is to provide an efficient, modern tool for converting emissions inventory data into the formatted emission files required by an air quality simulation model.  SMOKE is the fastest emissions processing tool currently available to the air quality modeling community. The sparse matrix approach utilized throughout SMOKE permits both rapid and flexible processing of emissions data. The processing is rapid because SMOKE utilizes a series of matrix calculations instead of less efficient algorithms used in previous systems. The processing is flexible because the processing steps of temporal projection, controls, chemical speciation, temporal allocation, and spatial allocation have been separated into independent operations wherever possible. The results from these steps are merged together at a final stage of processing.

SMOKE supports area, mobile, fire, point and biogenic sources emission processing. The model can take on a variety of input formats from other emissions processing systems, including the Inventory Data Analyzer (IDA), Emissions Modeling System - 2003 (EMS-2003), and the Emissions Preprocessor System 2.x (EPS2.x).  For biogenic emissions, SMOKE supports both gridded land use and county total land use data.
SMOKE (Version 2.1) will be used for the Washington DC attainment modeling demonstration. 2002 base case and 2009 future base case emissions data files will be provided by OTC and ASIP.  Wherever possible, the mobile source emission inventory (in VMT format) will be replaced with SCC-specific county level emissions to more accurately reflect actual emissions for typical ozone season day.
Detailed SMOKE configurations are provided in Appendix J.

It is expected that the final SIP modeling analysis will be performed using the most current 2009 emissions inventory that is available from either OTC or ASIP.  Significant coordination efforts currently exist between RPOs in the development of these emissions inventories.  All analyses conducted in support of the Washington, D.C. modeling analysis will be coordinated between the Technical and Policy Committees along with TAC in order to corroborate the attainment demonstration and reconcile any significant differences between emissions inventories.  
H. Air Quality Model Selection and Configuration
EPA’s Models-3/Community Multi-scale Air Quality (CMAQ) modeling system is a ‘One-Atmosphere’ photochemical grid model capable of addressing ozone at regional scale and is considered one of the preferred models for regulatory modeling applications.  The model is recommended by the Guidance on the Use of Models and Other Analyses in Attainment Demonstrations for the 8-hour Ozone NAAQS (EPA-454/R-05-002, October 2005).
CMAQ is generally considered by the scientific community to meet the following prerequisites for photochemical modeling applications:

1. It has been received and been revised in response to a scientific peer review.

2. It is appropriate for the specific application on a theoretical basis.

3. It shall be used with a data base which is adequate to support its application.

4. It has been shown to have performed well in past ozone modeling applications.  

5. It will be applied consistently with a protocol on methods and procedures.
Furthermore, several factors were considered as criteria for choosing CMAQ as a qualifying air quality model to support the Washington, D.C. attainment demonstration for the 8-hour ozone NAAQS.  These factors are:   
1. Documentation and past track record of in similar applications;
2. Advanced science and technical features available in the modeling system;
3. Experience of staff; and

4. Required time and resources versus available time and resources.

Lastly, CMAQ will be thoroughly validated and tested for this modeling application to ensure acceptable performance.  The model evaluation shall be conducted in accordance with EPA guidance.

Detailed CMAQ configurations for the OTC and ASIP platforms are provided in Appendix K.

I. Quality Assurance 
All air quality, emissions, and meteorological data will be reviewed to ensure completeness, accuracy, and consistency before proceeding with modeling.  Any errors, missing data or inconsistencies, will be addressed using appropriate methods that are consistent with standard practices.  All modeling shall be benchmarked through the duplication of a set of standard modeling results.

Quality Assurance (QA) activities will be carried out for the various emissions, meteorological, and photochemical modeling components of the modeling study.  Emissions inventories obtained from the Regional Planning Organizations (RPO) will be examined through the use of quality assurance software, algorithms, and plotting routines to check for errors in the emissions estimates. When such errors are discovered, the problems in the input data files shall be corrected.
The MM5 meteorological and CMAQ air quality model inputs and outputs will be plotted and examined to ensure accurate representation of the observed data in the model-ready fields, and temporal and spatial consistency and reasonableness.  Both MM5 and CMAQ will undergo an operational/scientific evaluation and this will facilitate, among other things, the quality assurance review of the meteorological and air quality modeling procedures. Data sets available to support this quality assurance of the aerometric inputs include the routine synoptic-scale data sets from the NWS 12-hourly rawinsondes and 3-hourly surface observations.  These data include the horizontal wind components (u and v), temperature (T), and relative humidity (q) at the standard pressure levels, plus sea-level pressure (SLP) and ground temperature (Tg).
III. MODEL PERFORMANCE EVALUATION
A. Overview
The results of a model performance evaluation shall be considered prior to using modeling to support the attainment demonstration.  The performance of CMAQ shall be evaluated using two methods:

1. Operational Evaluation - The model’s ability to replicate observed concentrations of ozone and/or precursors (surface and aloft), and 
2. Diagnostic Evaluation - The model’s accuracy with respect to characterizing the sensitivity of ozone to changes in emissions (i.e., relative reduction factors).  

B. Operational Evaluation
This section describes the statistical measures and other analytical techniques which shall be utilized to evaluate ozone model performance.  

The following three statistical measures at a minimum shall be calculated for hourly ozone and 8-hourly maxima over the episode days in the attainment demonstration:
1. Mean Normalized Bias (MNB): This performance statistic averages the model/observation residual, normalized by observation, over all monitor times/locations. 

2. Mean Normalized Gross Error (MNGE): This performance statistic averages the absolute value of the model/observation residual, normalized by observation, over all monitor times/locations.  

3. Average Peak Prediction Accuracy:  This is a measure of model performance that assesses only the ability of the model to predict daily peak 1-hour and 8-hour ozone.  

The three metrics above shall be calculated two ways: 
1. For pairs in which the 1-hour or 8-hour observed concentrations are greater than 60 ppb, and
2. For all pairs (no threshold).
In terms of pairing model predictions with monitored observations, the grid cell value in which the monitor resides shall be used for the calculations.  Bi-linear interpolation of model predictions to specific monitoring locations may also selected as an option if deemed necessary. 
The three metrics shall be calculated for individual days (averaged over all sites) and individual sites (averaged over all days).  Raw statistical results shall be aggregated into meaningful subregions or subperiods, as applicable.  Other statistics may also be used (i.e., fractional bias, fractional error, root mean square error, and correlation coefficients) to the extent that they provide meaningful information.  Wherever possible, these types of performance measures shall be calculated for ozone precursors and related gas-phase oxidants (NOx, NOy, CO, HNO3, H2O2, VOCs and VOC species, etc.) and ozone (and precursors) aloft. 

The following graphical display sets shall also be prepared and included as part of the performance analysis:
1. Time series plots of model and predicted hourly ozone for each monitoring location in the nonattainment area.  Other sites may be included as deemed necessary.

2. Scatter plots of predicted and observed ozone at each site within the nonattainment area.  These plots shall be completed using: a) all hours within the modeling period for hourly ozone, and b) all 8-hour daily maxima within the modeling period.  

3. Daily tile plots of predicted ozone across the modeling domain with the actual observations as an overlay.  Plots shall be completed for both daily 1-hour maxima and daily 8-hour maxima.  

4. Animations of predicted hourly ozone concentrations for selected episode days as deemed necessary to evaluate transport patterns.
C. Diagnostic Evaluation
To aid the interpretation of simulation results, predicted and observed ozone concentration maps will be constructed.  These concentration maps will present spatial information on the structure of the ozone plume.  The following information shall be provided:
1. Maps of concentrations at one or two hour intervals will be constructed over periods of most interest, including recirculation, stagnation and transport conditions.

2. Maps depicting the highest predicted daily maximum ozone value for each grid cell will also be prepared.

3. Predicted concentration to be used in the time-series plot will be consistent with a four-cell weighted average using bilinear interpolation of the prediction from the four adjacent grid cells nearest to the monitor location.  Time-series plots will also be developed for NO, NO2, and VOC species at selected locations, including comparisons between modeled and observed ratios of indicator species (i.e., O3/NOy, O3/HNO3), particularly for cases in which ozone time-series or mapping results do not appear consistent with observations.

4. Comparison of ozone precursors will be done for concentration levels above the monitoring equipment's detectable limits.

Consensus agreement will be sought among members of the Technical Committee responsible for implementing the modeling protocol concerning modifications made to input fields arising from the quality assurance testing.  Any modifications will be documented and presented to the Policy Committee.  In addition, all diagnostic steps will be documented to avoid misinterpretation of model performance results.

IV. ATTAINMENT DEMONSTRATION
A. Overview
The modeled attainment demonstration consists of analyses which estimate whether selected emissions reductions will result in ambient concentrations that meet the NAAQS, and an identified set of control measures which will result in the required emissions reductions.  The attainment demonstration estimates the amount of emission reduction needed to demonstrate attainment by using the modeled attainment test.  Additional analyses may also be performed to indicate that a proposed emission reduction will lead to attainment of the NAAQS.  The modeled attainment test predicts whether or not all estimated future design values will be less than or equal to the concentration level specified in the ozone NAAQS under meteorological conditions similar to those which have been simulated.  

B.  Modeling Attainment Test 
 

The modeled attainment test applied at each monitor shall be performed using the following equation:

(DVF)I = (RRF)I (DVC)I
Where:
(DVC)I = the baseline concentration monitored at site I, in ppb

(RRF)I = the relative reduction factor, calculated near site I 

(DVF)I = the estimated future design value for the time attainment is required, in ppb.
Current design values shall be calculated using the average of the three design value periods which include the baseline inventory year.  Specifically,   the average design value shall be calculated using the 2000-2002, 2001-2003, and 2002-2004 periods.    

In the event that there is less than five years of available data at a monitoring site the following procedure shall be used:

1. 3 years of data - The current design value will be based on a single design value.  
2. 4 years of data - The current design value will be based on an average of two design value periods. 
3. Less than 3 years of data – The site shall not be used in the attainment test. 

A 3x3 array of grid cells surrounding each monitor shall be used in the modeled attainment test as recommended for 12-km grid resolution modeling to calculate RRFs. 
The predicted 8-hour daily maximum concentrations from each modeled day shall be used in the modeled attainment test with the nearby grid cell with the highest predicted 8-hour daily maximum concentration with baseline emissions for each day considered in the test, and the grid cell with the highest predicted 8-hour daily maximum concentration with the future emissions for each day in the test.  

The RRFs used in the modeled attainment test shall be computed by taking the ratio of the mean of the 8-hour daily maximum predictions in the future to the mean of the 8-hour daily maximum predictions with baseline emissions, over all relevant days.  
To avoid overestimates of future design values and provide for more robust RRFs and future design values, the following rules shall be applied to determine the number of days and the minimum threshold at each ozone monitor:

1. If there are 10 or more days with daily maximum 8-hour average modeled ozone > 85 ppb an 85 ppb threshold shall be used.
2. If there are less than 10 days with daily maximum 8-hour average modeled ozone > 85 ppb the threshold shall be reduced to as low as 70 ppb until there are 10 days in the mean RRF calculation.
3. If there are less than 10 days with daily maximum 8-hour average modeled ozone > 70 ppb then all days > 70 ppb shall be used.
4. No RRF calculations shall be performed for sites with less than 5 days > 70 ppb.
Table 5 provides the monitors that will be used for calculating RRFs in the Washington, D.C. nonattainment area.

Table 5. Monitors for Calculating RRFs in the Washington, D.C. Nonattainment Area
	AQS I.D.
	Monitor Location
	Jurisdiction
	State

	11-001-0025-44201-1
	TAKOMA SC. PINEY BRANCH RD & DAHLIA ST N
	District of Columbia
	---

	11-001-0041-44201-1
	34TH. AND DIX STREETS, N.E.
	District of Columbia
	---

	11-001-0043-44201-1
	S.E. END MCMILLIAN RESERVOIR,
	District of Columbia
	---

	24-017-0010-44201-1
	SO MD CORRECTIONAL CAMP, HUGHESVILLE MD
	Charles County
	Maryland

	24-021-0037-44201-1
	FREDERICK MUNICIPAL AIRPORT
	Frederick County
	Maryland

	24-031-3001-44201-1
	LOTHROP E SMITH ENV.ED CENTER ROCKVILLE
	Montgomery County
	Maryland

	24-033-0002-44201-1
	GODDARD SPACE FLIGHT CENTER
	Prince George's County
	Maryland

	24-033-8003-44201-1
	PRINCE GEORGES EQUESTRIAN CENTER
	Prince George's County
	Maryland

	51-013-0020-44201-1
	S 18TH AND HAYES ST
	Arlington County
	Virginia

	51-059-0005-44201-1
	CUB RUN LEE RD CHANT.(CUBRUN TREAT PLANT
	Fairfax County
	Virginia

	51-059-0018-44201-1
	MT.VERNON 2675 SHERWOOD HALL LANE
	Fairfax County
	Virginia

	51-059-0030-44201-1
	AT LEE DISTRICT PARK, BETWEEN TELEGRAPH ROAD A
	Fairfax County
	Virginia

	51-059-1005-44201-1
	6507 COLUMBIA PIKE
	Fairfax County
	Virginia

	51-059-5001-44201-1
	LEWINSVILLE 1437 BALLS HILL RD
	Fairfax County
	Virginia

	51-107-1005-44201-1
	38-I, BROAD RUN HIGH SCHOOL, ASHBURN
	Loudoun County
	Virginia

	51-153-0009-44201-1
	JAMES S. LONG PARK
	Prince William County
	Virginia

	51-510-0009-44201-1
	517 N SAINT ASAPH ST, ALEXANDRIA HEALTH
	Alexandria City
	Virginia


C. Unmonitored Area Analysis
 In the event that it is necessary to estimate design values at unmonitored locations within the Washington, D.C. nonattainment area, an “unmonitored area analysis” using model adjusted spatial fields shall be performed.  The basic steps of this process are as follows:

1. Interpolate ambient ozone design value data to create a set of spatial fields.

2. Adjust the spatial fields using gridded model output gradients (base year values).

3. Apply gridded model RRFs to the model adjusted spatial fields.

4. Determine if any unmonitored areas are predicted to exceed the NAAQS in the future.

Recommended EPA guidance shall be utilized in the “unmonitored area analysis”.  
D.  Emissions Inventories 
 

For areas with an attainment date of no later than June 15th 2010, the emission reductions need to be implemented no later than the beginning of the 2009 ozone season. A determination of attainment will likely be based on air quality monitoring data collected in 2007, 2008, and 2009. Therefore, the year to project future emissions should be no later than the last year of the three year monitoring period; in this case 2009.

The 2002 base year emissions inventory shall be projected to 2009 using standard emissions projection techniques.  2009 OTC, ASIP or a combination of both inventories shall be used in the attainment demonstration.  

Emission inventory guidance documents will be followed for developing projection year inventories for point, area, mobile, and biogenic emissions.  These procedures address projections of spatial, temporal, and chemical composition change between the base year and projection year.

The alternative control strategies for evaluation in the attainment demonstration will be selected by MWAQC.  These will be selected from groups of strategies developed by the technical subcommittees responsible for identifying and developing the regulations and/or control measures. 
Consideration will be given to maintaining consistency with control measures likely to be implemented by other modeling domains which may be involved in region-wide analysis.  Also, technology-based emission reduction requirements mandated by the Clean Air Act will be included in the future year model runs.  


E.  Additional Analyses 
 

Corroboratory evidence shall accompany the model attainment demonstration.  EPA guidance for supplemental analyses and weight of evidence demonstrations shall be followed.  
The weight of evidence submittal, if necessary, shall describe the analyses performed, databases used, key assumptions and outcomes of each analysis, and why the evidence, viewed as a whole, supports a conclusion that the area will attain the NAAQS despite the model predicted future design value, or conversely, demonstrate that reaching attainment is not likely despite passing the model attainment test.
Table 6 provides guidelines for weight of evidence determinations.

Table 6. Guidelines for Supplemental Analyses and Weight of Evidence Determinations
	Results of Modeled Attainment Test
	Supplemental Analyses

	Future Design Value < 82 ppb, all monitor sites
	Basic supplemental analyses should be completed to confirm the outcome of the modeled attainment test

	Future Design Value 82 - 87 ppb, at one or more sites/grid cells
	A weight of evidence demonstration should be conducted to determine if aggregate supplemental analyses support the modeled attainment test

	Future Design Value > 88 ppb, at one or more sites/grid cells
	More qualitative results are unlikely to support a conclusion differing from the outcome of the modeled attainment test.


A suite of potential supplemental analyses and weight of evidence techniques are provided in Appendix L.

V. PROCEDURAL REQUIREMENTS
A. Reporting
Documents, technical memorandums, and data bases developed in this study will be submitted to all parties for review and subsequent distribution as appropriate.  The various work products developed in preceding tasks will be synthesized and integrated to produce a draft Technical Support Document (TSD) that describes the full range of technical and modeling activities performed during the project.  This report will contain the essential methods and results of the conceptual model, episode selection, modeling protocol, base case model development and performance testing, future year and control strategy modeling, quality assurance, weight of evidence analyses, and calculation of 8-hr ozone attainment via EPA’s relative reduction factor (RRF) methodology. 
MDE, VADEQ and the DCDOH are the agencies responsible for conducting and submitting a regional CMAQ modeling attainment demonstration for June 15, 2010 to EPA.  All parties in the Technical Committee will work to establish a suitable outline for the TSD within the framework of MWAQC.  After receiving comments reviewers, a final TSD will be developed.
B. Data Archival and Transfer of Modeling Files
All relevant data sets, model codes, scripts, and related software required by any project participant necessary to corroborate the study findings (e.g., performance evaluations, control strategy runs) will be provided in an electronic format approved by the Technical Committee within the framework of MWAQC.  The Technical Committee will be responsible for the archival of all modeling data relevant to this project.  Transfer of data may be facilitated through the combination of a project website and the transfer of large databases via overnight mail.  Database transfers will be accomplished using an ftp protocol for smaller datasets, and the use of IDE and Firewire disk drives for larger data sets which allow the transfer of hundreds of gigabytes of data quickly and efficiently. 
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