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1.  Executive Summary

Major activities at the Regional Modeling Center (RMC) since December 2001 include completion of the base year 1996 annual CMAQ and REMSAD model simulations; completion of three applied modeling training seminars, development of software for automating the model performance evaluation, and set up of input files for modeling the 2018 base case and controlled emissions simulation for the Section 309 SIPs and TIPs. 

As described in the previous quarterly reports, the modeling effort was behind schedule because of delays in obtaining inputs for emissions inventories and because of the higher than anticipated cost of adapting the SMOKE emissions processing system for WRAP emissions. In consultation with the WRAP modeling forum and emissions forum, we concluded in July, 2001 that there were significant shortcomings in the available inventories, and we agreed that we should wait for updated inventories before beginning annual modeling for both CMAQ and REMSAD.  We met with the WRAP project officers in December 2001 and revised the project schedule to accommodate delays in the development of the emissions inventories, with a new goal of completing the 1996 base year  model simulation by January 15, 2002.

We completed the 1996 base year simulations on January 15, 2002. The annual REMSAD simulations for 1996 were also completed in December, 2001. In the model intercomparison we found substantial differences between the CMAQ and REMSAD simulations, and it was apparent that there was an error in the REMSAD simulation. We ultimately tracked it down to an error in the generation of the boundary condition file. New REMSAD simulations with corrected boundary conditions were completed in February 2002, and we have re-done the model performance evaluation and model comparisons. The revised plots are currently available on the RMC website and are available on CD-ROM.

In February we presented results of the modeling at the WESTAR annual technical conference and at a WRAP Modeling Forum meeting. At the modeling forum meeting we reached consensus on model selection, emissions inventories and a schedule for completing model simulations to support the Section 309 SIPs. The revised project schedule is listed in Table E-1. A summary of the meeting was provided by John Vimont and is included in Appendix A.

Model evaluation is a key aspect of this work. The team members including UCR, ENVIRON and MCNC have continued to work closely in developing tools and datasets for model evaluation. UCR has developed an automated software package that generates plots of model-to-model and model-to-ambient data comparisons for all monitoring sites. There is currently no single model performance statistic that can be used to judge model acceptability for regional haze modeling on this large model domain, so model evaluation requires that the model and ambient data be compared at each individual site for aerosol species and visibility. It may be possible to develop performance statistics for O3 on sub-regions within the model domain, and this effort is ongoing.

The LINUX operating system has been selected for all modeling activities because it is considerably less expensive than other UNIX systems (e.g., SUN SOLARIS or SGI IRIX) and because LINUX is much more robust and has better file and code management features than does the Microsoft Windows systems. All models and model evaluation tools used in this project are being ported to LINUX systems so that a complete modeling package can be transferred to states and tribes who use the LINUX operating system. A major effort during the last quarter has been porting the SMOKE processing system to LINUX. SMOKE consists of a many individual programs that process different emissions sources. All program have now been successfully ported to LINUX. However, some program must be compiled with the “debug” option selected to perform correctly. There are still differences in the vertical distribution of emissions between the IRIX and Linux version of the point source processing program. We expect this may be due to differences in numerical accuracy and we continue to investigate the cause of these differences. At this time, we are using an SGI IRIX system to process the vertical distribution of point source emissions.

We have continued to develop the project website. It now includes a section that provides results of model simulations for selected output variables. The website also contains information on training and the training schedules. Efforts at the RMC have been focused on debugging and running the models, but as model activities are completed we plan to substantially improve the website for each of use and to include better documentation of model products.

Uncertainty in ammonia (NH3) emissions is a major factor in uncertainty for modeling aerosol formation and regional haze. We began an extensive review of the NH3 inventory during this quarter and have planned sensitivity simulations using seasonal adjustment for the NH3 inventory. There is a need for improved NH3 emissions modeling tools, and we are exploring options for developing better NH3 inventories for use in the Section 308 modeling.

Other long term activities that will benefit Section 308 modeling include development and implementation of better gas phase chemistry, aerosol chemistry, and dynamics algorithms. We have evaluated the HNO3 formation chemistry in the CMAQ model and are planning sensitivity tests using updated kinetics for N2O5 chemistry. We are also working with Dr. Anthon Wexler at the University of California, Davis to implement a sectional aerosol dynamics algorithm in CMAQ.

Another major effort during the last quarter has been development of training materials and hosting applied modeling training. Training classes were held in January, February and March, 2002. The next applied modeling training is scheduled for June 10-14, 2002. We have had a total of  37 people attend the training classes, and most of the WRAP states and Nevada participated. We have had very positive feedback on the training in the course evaluation forms, and we continue to revise and improve the training. 

We are continuing to work with ITEP and NTEC in outreach and in planning training for tribes. An applied modeling training intended specifically for the tribes will be held in October, 2002. In discussions with WRAP and WESTAR we have continued to refine the training plans. WESTAR will lead the SIP development classes, and the RMC will provide model results and data sets as needed. The RMC will lead the TIP development classes. The RMC will also participate in a preparatory “bridge course” training for the tribes at ITEP in June 2002. Additional trainings will be scheduled at UCR based on continued discussions with NTEC and ITEP.

Table E-1: Emissions modeling runs in support of 309 SIPs with deadlines for emissions, processing air quality modeling and analysis.

	Description
	Dates

	Base 2018:  2018 base case F (named to match 1996 base case)

· Use Oct 2000 version of 1996 wildfires

· 2018 on-road mobile emissions (from Oct 2001 (?)) 
after 25% factor applied to road dust emissions

· 2018-non-road mobile emissions (from Oct 2001 (?))

· 2018 point emissions (from Jan 2002)

· 2018 area emissions (from Jan 2002)

· 1996 BEIS2 emissions from 1996 base case F (?)

· No prescribed burning

· No windblown dust

· 1996 Mexican and Canadian inventories used for 1996 base case F (?)

· No sea salt

· Seasonally adjusted NH3 based on ORD inverse modeling

· BC from updated OAQPS REMSAD or from CARB if available.


	Inventory


2/14/02

SMOKE


3/08/02

CMAQ


3/29/02

Analysis


4/26/02

	Case 1:  2018 Control FC01
· Same as 2018 base case A, except:

· Annex, point SO2-only (milestone inventory)
	Inventory


2/28/02

SMOKE


3/15/02

CMAQ


4/5/02

Analysis


4/26/02



	Case 2:  2018 Control FC02
· Same as 2018 base case A, except:

· 2018 point SO2-only emissions for command and control (BART) with uncertainty


	Inventory


3/15/02

SMOKE


3/22/02

CMAQ


4/12/02

Analysis


5/03/02

	Case 3:  2018 Control FC03
· Same as 2018 base case A, except:

· 2018 point SO2-only emissions for command and control (BART)


	Inventory


3/15/02

SMOKE


3/27/02

CMAQ


4/19/02

Analysis


5/03/02

	Case 4:  2018 Control FC04
· Same as 2018 base case A, except:

· Road dust emissions removed from inventory

· Note that analysis schedule is delayed because most of May will be focused on the May 20/21st meeting and we do not anticipate being able to complete analysis of this case for this meeting.


	Inventory


2/14/02

SMOKE


4/05/02

CMAQ


4/30/02

Analysis


6/07/02



	Case 5:  1996 Reference Base case refG1996
· Goal of this base case is to provide a reference point for 309 SIP perceived requirement to compare progress between 2018 and 1996. Since goal of case is to show progress between these years, that demonstration will be confounded if we used different fires or if we used 1996 fires which was an extreme fire year. This reference base case will therefore use a more “typical year” fire scenario, as determined by the fire forum. This may include the 2018 prescribed burning emissions estimates without prescribed burn control plans.

· Perhaps check where windblown dust is in development process


	Inventory

SMOKE

CMAQ

Analysis


6/28/02

	Case 6:  2018 Reference Base case refG2018
· Area, Non-road mobile, On-road mobile, point from 2018 base case A (not including any fires)

· Same fire emissions as 1996 Reference base case A (no prescribed control plan)
	Analysis


6/30/02

	Case 7:  2018 Control refGC01
· Same as 2018 base case refG2018, except:

· Use prescribed burn smoke management 


	Analysis


7/31/02

	Case 8:  2018 Control refGC02
· Same as 2018 base case refG2018, except:

· Pollutant-prevention (incorporates Annex) – need more detail about what this involves
	Analysis


7/31/02

	Case 9:  2018 Control refGC03
· Same as 2018 base case refG2018, except:

· Remove all on-road mobile and off-road mobile emissions (tailpipe and evaporative) for all pollutants. Leave road dust unchanged.


	Analysis


8/15/02

	Case 10:  2018 Sensitivity refGS01
· Same as 2018 base case refG2018, except:

· 50% decrease in all anthropogenic NOx emissions


	

	Case 11:  2018 Sensitivity refGS02
· Same as 2018 base case refG2018, except:

· 50% decrease in all PM2.5 species and coarse PM emissions


	


Table E-2. Model sensitivity runs in support of Section 309 SIPs.  Runs 4 and 5 were deemed low priority.

	Sensitivity Simulations or Model Analysis Description


	Schedule

	Sensitivity 1.  Seasonal corrections in NH3 inventory will include a 50% reduction in NH3 emissions for Winter months, Nov to Feb.

Use these results to determine if the seasonal correction should be used in the 2018 simulations.  Default assumption is that this is the “best science” and this approach will be used unless 1996 base case is worse when using the seasonal correction.  Long terms solution is to develop better NH3 inventories.


	Complete by March 7, 2002

	Sensitivity 2.  Boundary Condition Sensitivity.  Implement clean western BC and perform a January and July simulation. Clean BC will be based on results of 


	Pending availability of new data from CARB.

	Sensitivity 3.  Thermodynamics Sensitivity: implement the ISORROPIA thermodynamics scheme.


	

	Analysis 1.  Investigate coarse PM differences in CMAQ and REMSAD by comparing coarse mass deposition.  


	Completed

	Sensitivity 4.  BEIS3 biogenic emissions.


	After May 2002

	Sensitivity 5:  New wildfire inventory and prescribed burning inventory.


	After May 2002

	
	


1.  Introduction

The Clean Air Act establishes special goals for visibility in many national parks, wilderness areas, and international parks. Through the 1977 amendments to the Clean Air Act, Congress set a national goal for visibility as “the prevention of any future, and the remedying of any existing, impairment of visibility in mandatory Class I Federal areas which impairment results from manmade air pollution” (40 CFR 51.300). Under Sections 308 and 309 of the Clean Air Act, states are required to develop State Implementation Plans (SIPs)  to attain visibility standards, and Tribes also may opt to assume responsibility for visibility programs under 40 CFR Part 49 by developing Tribal Implementation Plans (TIPs).

The Western Regional Air Partnership (WRAP) has implemented a regional planning process to provide the necessary technical and policy tools needed by states and tribes to comply with the Section 309 and 308 requirements. As part of this effort, the WRAP is sponsoring modeling studies to support the development of SIPs and TIPs and  has contracted with the University of California, Riverside (UCR), with ENVIRON Corporation as a subcontractor, to establish a Regional Modeling Center (RMC). The WRAP RMC will provide assistance to State and Tribal agencies in conducting regional haze analyses over the western United States. This analysis will be performed by operating regional scale, three-dimensional air quality models that simulate the emissions, chemical transformations,  transport of criteria pollutants and particulate matter (PM) and consequent effects on visibility in Class I Areas in the western US. A list of the Class I Areas included in this study is provided in Appendix A.

Pervious quarterly reports described progress from January through July, 2001. This document describes progress during the period from August through November, 2001. Activities during this quarter that have continued from the previous quarter include the following:  acquisition of additional equipment, hiring new staff, acquiring recent releases and corrections to model codes and datasets; planning for training and capacity building, development of  a project website, and coordination with the Institute for Tribal Environmental Professionals (ITEP) on training for tribes. New activities include porting the SMOKE emissions processing system to the Linux environment; review of NH3 inventories and development of NH3 sensitivity scenarios; set up model simulations for January 2001; development of Linux based software tools for automating model evaluation.  These activities are summarized in the sections below.

2.  Project Activities

2.1  Project Staff

A brief description of project staff and areas of work are as follows:

Project staff at the University of California at Riverside include the following:

· Dr, Gail Tonnesen. Dr. Tonnesen is the project director and is working with team members on emissions processing, model simulations, model evaluation, and development of training materials.

· Dr. Zion Wang. Dr. Wang has degrees in meteorology and atmospheric science and over ten years of experience in air quality modeling. He is the lead person for running model simulations for the CMAQ air  quality model and the meteorological data interface. Dr. Wang is also the lead in developing technical training materials.

· Dr. Mohammad Omary. Dr. Omary is the lead for emissions processing and operation of the SMOKE emissions processor. He is also responsible for SMOKE training.

· Dr. Chao-Jung Chien. Dr. Chien is directing the model to data comparison for aerosols and visibility. Dr. Chien is also working on development and implementation of new or improved aerosol algorithms and chemical mechanisms.

· Mr. Mark Chitjian. Mr. Chitjian previously worked at an environmental consulting firm, and has ten years of experience in the air pollution field including Gaussian dispersion modeling and emissions inventories. He is the principal author of a recent ammonia emissions inventory for California. For the RMC , Mr. Chitjian is developing sensitivity scenarios for ammonia (NH3) emissions, and is exploring the development of new software tools for developing NH3 emissions.

· Mr. Bo Wang.  Mr. Wang has completed post graduate work in environmental toxicology and has a M.S. in Computer Science. He is developing Linux based software programs for model evaluation and is porting the SMOKE emissions system to Linux.

· Mr. Shanzhong Szhu and Mr. Tiegang. Mr. Szhu and Mr. Tiegang are currently enrolled in the doctoral program at UCR and are working as graduate student assistants for the RMC. Current activities include development of a multi processor version of CMAQ for Linux, and assistance in model evaluation and the project website.

· Mr. Nick Nikkila. Mr. Nikkila has over 30 years of experience in air quality management and has directed the state air quality agencies in Oregon and Missouri. Mr. Nikkila is coordinating training activities for the RMC.

· Dr. James Lents. Dr. Lents has over 30 years of experience in air quality management and has directed the state air quality agencies in Colorado and the South Coast Air Quality Management District in CA. Dr. Lents is participating in development of training activities for the RMC.

Project staff at ENVIRON Corporation currently include the following:

· Mr. Ralph Morris. Mr. Morris has 30 years of experience in air quality modeling and research. He is directing the RMC activities at ENVIRON and is involved in operation and evaluation of the REMSD model.

· Dr. Gerry Mansell. Dr. Mansell has over 20 years of experience in air quality and meteorological modeling. He is participating in modeling efforts and will also participate with UCR in development of NH3 inventories and training for the REMSAD model.

Other staff members at UCR and ENVIRON will participate in the project on an as needed basis.

2.2  Code testing and benchmarking

We have obtained a beta version of the next EPA release of the Meteorology CMAQ Interface Program (MCIP) that is used to convert MM5 output to CMAQ ready input files. We found that the new MCIP provides substantially different results, particularly in the planetary boundary layer (PBL) height. We plan to run sensitivity analyses as time permits. However, converting to the new MCIP would require that we reprocess part of the emissions and repeat the 1996 CMAQ runs. This is not feasible given the present project schedule. However, we do plan to use the new MCIP when we begin the section 308 modeling, and it should be noted that the changes in MCIP may affect the model performance. At this time we cannot predict whether it will provide improved or degraded performance.

We are continuing efforts to develop a parallel version of the CMAQ Chemical Tracer Model (CCTM) for Linux. The CCTM was parallelized by EPA for operation on CRAY T3D and T3E supercomputers using the Memory Passing Interface (MPI). There are several modules or libraries that perform the memory sharing and parallelization in CMAQ. These include the following: DYNMEM, PARIO, STENEX. We are in the processing of porting each of these to Linux. 

We are also continuing efforts to test a sectional aerosol mechanism developed by Prof. Anthony Wexler at UC Davis. This effort is a low priority until after we complete the section 309 modeling.

3.  Model Simulations

3.1  Boundary Conditions

MCNC performed the sensitivity effects to explore the effects of spatially varying boundary conditions on the models eastern domain. This is of concern because the model domain ends just to the west of Chicago and so regional scale transport from  Midwestern emissions sources may affect regional haze in  the western US for certain conditions. The MCNC sensitivity study used a static, lattitudinally varying eastern BC derived from EPA continental CMAQ simulations using an 8 layer model for July, 1996. This model did not include fire emissions. MCNC found that the eastern BC effects did propagate into the eastern part of the WRAP domain for several days during the July simulation. However, it was concluded that the effects were not large enough to merit development of a more rigorous time and spatially varying eastern BC for the full year simulation. Therefore, we are using a lattitudinally fixed, static eastern BC that were derived from EPA files and updated by ENVIRON for aerosol species. 

We are continuing to discuss possibilities for improving the western BC with Tony Van Curen of CARB, and new data for improved western PM BC, including seasonal variability, may be available in 2002.

Long term possibilities for specifying BC include the following:

· Operation of the CMAQ model on a continental domain to remove the problematic Midwestern boundary.

· Nesting the CMAQ domain in a continental REMSAD domain.

· Nesting the CMAQ domain in a hemispheric model to represent transport from Asia.

· Improved seasonally and lattitudinally resolved western BC based on ambient monitoring data currently being developed by the California Air Resources Board (Van Curen, personal communication).

3.2  Meteorological Processing

As discussed above, the EPA beta release of a new MCIP provides substantial changes in meteorological parameters. Among other changes, the new release will include a pass through option for PBL height (instead of rediagnosing PBL height as in the current MCIP). While we plan to do sensitivity simulations to assess likely affects, we will not be able to perform these test until after completing the Section 309 modeling.

3.3  Emissions Inventories

MCNC and UCR are currently working together on processing the 2018 emissions inventories. The major complication has been file IO errors that create random errors in intermediate or final emissions files. We have developed a QA procedure for detecting and correcting these errors. We have also upgraded the SCSI card in the UCR file server and upgraded the SCSI cables. This appears to have corrected the error.  

3.3  Ammonia Emissions  Inventories

Our current NH3 inventory is based on the National Emissions Inventory (NEI) and includes some updates from some of the WRAP, however, we have not been able to adequately document the updates that have been made. There is currently large uncertainty in existing ammonia inventories.  These uncertainties occur both in the magnitude of emissions from various sources and the spatial and temporal allocation of the emissions.

The magnitude of ammonia emissions is determined from emission factors and activity data.  A great deal of past and current research addresses the magnitude of ammonia emissions.  Credible emission factors have been developed for many source categories from extensive data while some categories are not well understood.  The most uncertain of these categories is the soils system.  Ammonia emissions from soils assumed to be zero in many current inventories because emission factors are so uncertain.  However, if the best available emission factors are used, soils comprise half of the total inventory.  We believe that a review of recent research may yield an improvement in soils emissions from the current inventory.  We also believe that a review of recent research may yield an improvement in cattle and other livestock emission factors.

Currently very little data exist to quantify the temporal variation of ammonia emissions. However, a great deal of variation is expected based on the dependence of ammonia emissions on varying environmental parameters (variation is expected on both the diurnal and seasonal scale).  Therefore we believe it is important to develop alternate ammonia inventories to use in sensitivity studies for particulate/visibility modeling.  Such studies will determine which categories, time scales and etc. to concentrate future resources. 

The development of an integrated ammonia emissions modeling system would greatly improve the efficiency of such work.  There are several resources currently available; NESCAUM has sponsored development of a GIS based NH3 emissions inventory tools at Carnegie Mellon University (CMU). The CMU inventory allows for easy changes to emission factors and activity data to produce a spatially resolved inventory. However, updates to SMOKE will be required to allocate emissions to a modeling grid. There is  also ongoing work by ENVIRON, for the California Air Resources Board, which may result in a better emissions model based on environmental parameters.

We plan to explore several different approaches for NH3 work at the RMC. In the near term we will perform sensitivity experiments with seasonal emissions corrections factors based on recent work by EPA ORD on inverse modeling of NH3 emissions in the eastern U.S.  In the longer term, we will attempt to adapt the CMU GIS based emissions model for use in the SMOKE/CMAQ modeling framework. We also plan to update the CMU model to include recent work at ENVIRON. Alternatively, if the ENVIRON NH3 work has advantages over the CMU model, we will use the ENVIRON model as a starting point. We are currently attempting to get access to the CMU source code to adapt this model for use in WRAP.

We are currently seeking new funding sources to do more comprehensive research on NH3 emissions inventories.

4.  Model Evaluation

Model evaluation was a key activity during the previous 3 months. The RMC, the jump start team and the WRAP modeling forum engaged in a review process to select the mapping of ambient data to the model predicted species.  The RMC also developed software tools available for performing model evaluation.

4.1 Development of model evaluation tools.

This section discusses the approach for matching up the CMAQ model estimates with the IMPROVE PM data.  CMAQ treats particles, based on their size distributions, as the superposition of three lognormal subdistributions, called modes.  The three modes are 1) fine particle mode, i-mode, representing the smaller (nuclei or Aitken) particles from nucleation or from direct emission with diameters  0.1 um; 2) larger particle mode, j-mode, representing particles with diameters between 0.1 um and 1-2 um, known as the accumulation range; and 3) coarse particles, representing the difference between the masses in PM10 and PM2.5.  While the first two modes, i- and j- modes, are two interacting modes treated as two subdistributions in PM2.5, the addition of coarse particles makes up the total amount of PM10.  The chemical species treated in the aerosol component of CMAQ are listed in Table 2.  Among them, the fine particle species include sulfates, nitrates, ammonium, water, anthropogenic and biogenic organic carbon.  The coarse mode species include sea salt, wind-blown dust, and other unspecified material of anthropogenic origin.  

The IMPROVE monitoring network uses reconstructed PM mass species in its measurements of major visibility-reducing aerosol species.  The IMPROVE reconstructed PM mass species being used in the evaluation are as follows:

· Sulfates (SO4), assumed to be ammonium sulfates;

· Nitrates (NO3), assumed to be ammonium nitrates;

· Organic carbon (OC);

· Light-absorbing carbon (LAC); and

· Soil (fine soil), sum of several inorganic elements.

These species are all measured using a 2.5 micron cut point inlet.  The IMPROVE monitors also measure total PM10 and PM2.5 mass.  These values are reported as the PM2.5 fine matter (FM) portion of the mass and the coarse matter (CM) portion, as PM10 - PM2.5.  The mapping of the CMAQ species to the IMPROVE species counterparts is shown in Table 3.  Note that in CMAQ water as fine particle species is not included among the mapping of IMPROVE species, because IMPROVE measures only dry particles.  In addition, IMPROVE defines SOIL as fine soil concentration, which is the sum concentrations of several inorganic species.  While CMAQ does not have “fine soil” specifically defined, it does mention that “Fine soil was taken as unspeciated portion of PM2.5 emitted species…”.  Therefore, model species, A25J+A25I, are used as surrogates for IMPROVE’s fine soil concentration.  It should also be noted that the mappings (Table 3) are not conclusive, and further updates or changes may be required.

For the visibility comparisons of CMAQ model predictions and IMPROVE measurements, IMPROVE network uses either direct transmissometer measurement or reconstructed light extinction from aerosol species measurements, while CMAQ uses two approaches to calculate light extinction coefficient.  The first is based on theoretical calculation (known as Mie theory) of extinction coefficient from the sum of scattering and absorption coefficients.  The second approach is based on modified aerosol species mass concentrations known as reconstructed extinction.  This is an empirical approach and uses the similar equation used in the IMPROVE measurement for visibility calculation:

ext(1/km) = 
0.003*f(rh)*([ammonium sulfate]+[ammonium nitrate]) + 0.004*[organic mass] + 0.01*[light absorbing carbon] +


 0.001*[fine soil] + 0.6*[coarse mass]


 
 Eq (1)
where f(rh) is relative humidity correction.  In CMAQ, the relative humidity, f(rh), is obtained from a table of corrections with entries at one-percent intervals (CMAQ protocol), whereas in IMPROVE measurement it is based on monthly site-specific relative humidity adjustment factors obtained from the document -- Appendix A in the “Draft Guidance for Tracking Progress Under the Regional Haze Program”.

Several analysis tools for model performance evaluation have been under development among RMC, MCNC, and ENVIRON.  Currently, RMC has developed a software package capable of producing model vs. observation graphs to help model evaluation.  The programs in this package extract both CMAQ output and IMPROVE observation data sets in either IOAPI or ASCII file formats and combine which with proper species mappings.  Then after certain data structure manipulations, four kinds of plots with simple regression analysis are produced automatically, i.e.

· Scatter plot for all sites and all days

· Scatter plot of all days at one site 

· Scatter plot of all sites for one day 

· Time series at a given site 

All example plots were obtained using thirty-one days of CMAQ simulations (July 1-31, 1996) and compared with available IMPROVE measurements to provide a preliminary indication of model performance.  Programs in this package are written in C++ and Perl script programming languages, and are set up to execute on all Linux machines.

MCNC is also developing a software package that can extract data from the IMPROVE transmissometer datasets for the monitoring sites within the specified model domain, for all dates between specified start and end dates.  It can also extract CMAQ output extinction coefficients (both Mie and reconstructed) and the corresponding deciviews from the CMAQ 24-hour visibility output file for the hours corresponding to 10AM to 2PM local time.  The results of these data extraction generate data in both netCDF and ASCII file formats suitable for model/observation comparison.  The analysis programs are mostly written in Fortran and set up to execute on SGI machines.

Once fully developed, both software packages will be freely distributed among the science community.

4.1  Model evaluation for ozone

We have also developed Linux based tools for developing model to data comparisons of O3. The operation of the package and the plots developed are the same as those described above for the PM evaluation. The full set of plots for all AIRS O3 sites in the western U.S. are available on the project website: www.cert.ucr.edu/rmc under the “WRAP Models” link. 

In contrast to the PM evaluation, it is possible to develop summary model performance criteria or statistics to evaluate the model predictions for O3. Performance statistics include the following: unpaired peak O3, normalized error, and normalized bias. However, it may not be meaningful to apply these statistics over a continental or semi-continental domain. Our next step in the O3 evaluation will be to define domain sub-regions for which model performance statistics can be reasonably applied. This will likely include separate evaluation domains for southern, CA, northern CA, the Pacific northwest and other sub-regions in the model domain. We will select these sub-domains in consultation with the WRAP modeling forum as the project progresses.

From a qualitative evaluation of the O3 model and data comparison plots on the website, it is apparent that the model performs well for northern CA but performs poorly for southern CA. Poor model performance in southern CA is of concern because it may cause the model to under predict formation of secondary aerosols that affect visibility in CA, AZ and other parts of the western U.S. While it is unlikely that we can substantially improve the model performance in the time frame of the Section 309 SIPs and TIPs, improving the model performance is a high priority for Section 308 work.

There are a number of possible explanations for poor model performance in southern CA, including the following:

· Underestimate of VOC emissions

· Underestimate of biogenic emissions

· Artificial dispersion of NOx emissions due to the coarse model grid.

· Errors in photochemical mechanisms

Each of these are discussed next. 

VOC Emissions. In recent results, the EPA OAQPS has obtained substantial increases in O3 predictions in southern CA by increasing the VOC emissions. We have performed comparisons of the WRAP VOC inventory to the ARB VOC emissions inventory for selected counties, where the ARB emissions where taken from the ARB website, and after converting from ROG to VOC we did not observe large differences in the ARB versus our WRAP/NEI emissions. We have recently obtained ARB emissions for a 1997 model scenario for southern CA and will compare these with the WRAP VOC emissions. If the WRAP/NEI VOC is substantially lower than the ARB emissions we will explore approaches for increasing the WRAP/NEI emissions.

Biogenic Emissions. The EPA OAQPS has obtained substantial increases in O3 predictions in southern CA by increasing the VOC emissions and by implementing a pre-release version of BEIS3 for southern CA. This increased model predicted O3 by more than 40 ppb in southern CA. We have spoken with EPA ORD about the possibility of using the pre-release version of BEIS3, and it was recommended that we should wait for a final release, but in the interim the CA BGEIS model could provide more accurate results (Tom Pierce, EPA ORD, personal communication). BGEIS is not yet publicly available, however, we will pursue both of these biogenic models for inventories in the Section 308 work. 

Artificial dispersion of NOx. The coarse 36 km grid used in these simulations is inadequate to resolve point source NOx emissions, and it is possible that artificially dispersion of NOx in the coarse grid is inhibiting O3 formation on a regional basis in southern CA. We will explore this possibility using sensitivity tests with Plume in Grid (PinG) to better resolve point source emissions. 

Photochemical mechanisms.  It is anticipated that updated gas phase photochemical mechanisms will be significantly more reactive than the 1989 version of the Carbon Bond IV (CB4) mechanism used in this study. Therefore, it is possible that part of the underestimate of O3 in southern CA and elsewhere in the model domain may result from the choice of the photochemical mechanism.

All of the above possibilities will be explored during the Section 308 modeling phase of this project. Because we cannot provide a definitive explanation for the under prediction of O3 in southern CA at this time, we recommend proceeding with the current emissions scenarios pending further evaluation. Work at EPA OAQPS is also ongoing, and it is possible that the findings of OAQPS may be of benefit in the next year.

Table 2.  CMAQ aerosol species list.  All units are in mass concentration [g m-3]

	CMAQ Species Name
	Description

	ASO4J
	Accumulation mode sulfate mass

	ASO4I
	Aitken mode sulfate mass

	ANH4J
	Accumulation mode ammonium mass

	ANH4I
	Aitken mode ammonium mass

	ANO3J
	Accumulation mode nitrate mass

	ANO3I
	Aitken mode aerosol nitrate mass

	AORGAJ
	Accumulation mode anthropogenic secondary organic mass

	AORGAI
	Aitken mode anthropogenic secondary organic mass

	AORGPAJ
	Accumulation mode primary organic mass

	AORGPAI
	Aitken mode primary organic mass

	AORGBJ
	Accumulation mode secondary biogenic organic mass

	AORGBI
	Aitken mode secondary biogenic organic mass

	AECJ
	Accumulation mode elemental carbon mass

	AECI
	Aitken mode elemental carbon mass

	A25J
	Accumulation mode unspecified anthropogenic mass

	A25I
	Aitken mode unspecified anthropogenic mass

	ACORS
	Coarse mode unspecified anthropogenic mass

	ASEAS
	Coarse mode marine mass

	ASOIL
	Coarse mode soil-derived mass

	AH2OJ
	Accumulation mode water mass

	AH2OI
	Aitken mode water mass


Table 3.  Species mapping based on IMPROVE detailed PM mass species (using raw database).

	Compound
	IMPROVE Species
	CMAQ Mapping
	REMSAD Mapping

	SO4
	SO4
	ASO4J + ASO4I
	GSO4 + ASO4

	NO3
	NO3
	ANO3J + ANO3I
	PNO3

	OC
	1.4*(OC1+OC2+OC3+OC4+OP)
	AORGAJ + AORGAI + AORGPAJ + AORGPAI + AORGBJ + AORGBI
	SOA + POA

	EC
	EC1+EC2+EC3-OP
	AECJ + AECI
	PEC

	SOIL
	2.2*Al + 2.49*Si + 1.63*Ca + 2.42*Fe + 1.94*Ti
	A25I +A25J
	PMFINE

	CM
	MT - MF
	ACORS + ASEAS + ASOIL
	PMCOARS

	PM25a
	MF
	1.375*(ASO4J + ASO4I) +
1.29*(ANO3J + ANO3I) + AORGAJ + AORGAI + AORGPAJ + AORGPAI + AORGBJ + AORGBI + AECJ + AECI + A25J + A25I
	1.375*(GSO4 + ASO4) + 1.29*PNO3 + SOA + POA + PEC + PMFINE

	RCFM
	1.375*SO4 + 1.29*NO3 + (EC1 + EC2 + EC3-OP) + 1.4*(OC1 + OC2 + OC3 + OC4 + OP) + 2.2*Al + 2.49*Si + 1.63*Ca + 2.42*Fe + 1.94*Ti
	Same for PM25
	Same for PM25

	PM10
	MT
	1.375*(ASO4J + ASO4I) + 1.29*(ANO3J + ANO3I) + AORGAJ + AORGAI + AORGPAJ + AORGPAI + AORGBJ + AORGBI + AECJ + AECI + A25J + A25I + ACORS + ASEAS + ASOIL
	1.375*(GSO4 + ASO4) + 1.29*PNO3 + SOA + POA + PEC + PMFINE + PMCOARS

	Bext_Recon

(1/Mm)
	10b + 3*f(RH)c*(1.375*SO4+1.29*NO3) + 4*1.4*(OC1+OC2+OC3+OC4+OP) + 10*(EC1+EC2+EC3-OP) + 1*(2.2*Al + 2.49*Si + 1.63*Ca + 2.42*Fe + 1.94*Ti) + 0.6*(MT-MF)
	10b + 3*f(RH)c*[1.375*(ASO4J + ASO4I) + 1.29*(ANO3J + ANO3I)] + 4*1.4*(AORGAJ + AORGAI + AORGPAJ + AORGPAI + AORGBJ + AORGBI) + 10*(AECJ + AECI) + 1*(A25J + A25I) + 0.6*(ACORS + ASEAS + ASOIL)
	10b + 3*f(RH)c*[1.375*(GSO4 + ASO4) + 1.29*PNO3] + 4*(SOA + POA) + 10*PEC + 1*PMFINE + 0.6*PMCOARS


a Measured;   b Rayleigh scattering correction;   c f(RH), monthly relative humidity

5.  Training and Capacity Building

Training activities will include the following: (1) intensive training at the CE-CERT laboratory at UCR; (2) longer term internships at the CE-CERT laboratory at UCR; (3) web  based list-servers and web-sites that promote discussions; problem solving and access to resources, datasets etc.; (4) pre-configured “turn-key” modeling systems to be installed by UCR on client disks.  

Dates for training are:

January  14-18, 2001  (applied)

February   4-8  2002  (applied)

March    11-15, 2002  (applied)

June     10-14, 2002  (applied)

October   7-11, 2002  (applied - Tribes)

We have set up a training page on the RMC website that provides information of training schedules and travel information. Registration for courses can be performed phone or email. We plan to modify the website for online registration but this is currently a low priority.  We have posted training materials on the project website.

6.  Equipment

This section describes the equipment and software configuration currently being used for the WRAP modeling by the UCR Air Quality Modeling group. Equipment includes training computers, a file server and associated disk storage, and compute servers. Each of these are described next.  We also list the vendor and price information, however, we do not specifically endorse any of the vendors listed below. It is possible that other vendors may provide good price and performance, and we encourage the state and tribal agencies to compare vendors and share information on performance and price.

6.1  RMC Training Computers:

Hardware components on these machines include the following:

· Dual Intel Pentium III 1 GHz CPUs

· 512 MB of RAM

· Two (2) IBM Deskstar 75 GB hard disk drives

· Matrox G450 Dual Head Video Card

· 10/100 Ethernet Card (almost any will do)

· 15" LCD Flat Panel display

These machines were purchased in September 2001 at a cost of $2500 per

machine.  These machines were purchased from the UCR campus computer store.

Software on the RMC training Computer includes the following:

· Red Hat Linux, configure with the KDE graphical user interface.

· Portland Group's High Performance Fortran (F90) compiler (www.pgroup.com)

· MCNC's Package for Analysis and Visualization of Environmental data (PAVE) (www.mcnc.org)

· Vis5d+ visualization program for scientific datasets in 3+ dimensions (http://vis5d.sourceforge.net)

· CMAQ and SMOKE programs

· NetCDF and IOAPI libraries

· Concurrent Version System (cvs) software for code management.

6.2 File Server and Disk Storage:

Rack-mounted server hardware components include the following:

· Dual Intel Pentium III 1 GHz CPUs

· 1 GB of RAM

· Onboard SCSI Ultra 160 controller (LSI)

· Onboard Video

· 20 GB IBM Ultrastar Ultra 160 SCSI Drive (80 - pin SCA)

· 2U Rack-mount case

· LSI Ultra 160 SCSI Card - 64-bit PCI, 2 external VHD connectors, 2 internal 68-pin connectors 

· Gigabit Netgear Ethernet controller - 64-bit PCI (http://www.netgear.com)

This file server was purchased from the UCR campus bookstore in Jan. 2002.  The total cost for this computer was $2900. 

Disk storage is provided by five (5) external RAID systems.  All of these were purchased from Raidweb (http://www.raidweb.com).  These systems use IDE hard drives connected to a RAID controller in the system.  The external connection is SCSI and the newest Raidweb systems are Ultra 160.  The price for the system is about $4000 excluding disk drives.  We found that is was a little cheaper to purchase the disk drives from the UCR campus computer store, so we purchased the drives and installed and configured the system.  Alternatively, a configured and tested “turn-key” unit can be purchased directly from raidweb.com. There may also be other vendors capable of providing inexpensive IDE based RAID5 disk storage.

Software:  Red Hat Linux

6.3  Compute Servers:

In December 2001 we purchased an additional 4 machines to be used for model simulations. Hardware components on these systems include the following:

· Dual AMD Athlon XP 1800+ (1500 MHz)

· 1024 MB of RAM

· One (1) 60 GB IDE Maxtor Hard Drive (boot disk)

· Two (2) 3ware IDE RAID controller cards

· NVidia TNT video card

· Eight (8) 120 GB IDE Maxtor Hard Drives.

· 10/100/1000 Netgear Ethernet card - 64-bit PCI slot

There are four 120GB hard drives on each 3ware RAID controller in a RAID 0 configuration, thereby providing two 480 GB file systems on each machine  The cost for these machines was approximately $4500 in December of 2002.  We priced these machines in February 2002 and found the price had dropped to $4350.

Software:  Red Hat Linux

6.4  Network equipment:

We found that we had poor performance when model runs were carried out with our 100 Megabit network, so we upgraded to a Gigabit network for the file server and the four compute servers. We purchased a Netgear GS508T 10/100/1000 8-port switch for which all ports support 1000BASE-TX.  This Gigabit network switch was purchased at Solutions4Sure (http://www.solutions4sure.com).  The price for this item was $1200. It offers excellent performance and is rack-mountable.  We purchased the 64-bit PCI 10/100/1000 Netgear network cards for $125.00 each.

7.  Conclusions

While we have an ambitious schedule for the next several months, we anticipate that we will complete all model simulations required for the Section 309 SIPs on schedules. We are also working on submitting manuscripts to peer review journals. This is a key activity because it will provide peer review of the WRAP models, datasets and results of model simulations. Development of improved science algorithms and model sensitivity studies also remains a critical need, however, completion of 309 modeling will take precedence for the next several months.

Table 1. Summary of SMOKE programs and output files, and status for operation on Linux platforms (revised 3/18/2002). Some programs require being compiled with the debug option to run properly.

	Script
	SMOKE

Program
	Source

	
	
	Area
	Point
	Mobile
	Biogenic
	All

	
	
	Output file
	Linux

status
	Output file
	Linux

status
	Output file
	Linux

status
	Output file
	Linux

status
	
	Linux

status

	smkinven
	smkinven
	AREA
	OK
	PNTS
	OK
	
	
	
	
	
	

	
	
	ASRC
	OK
	PSRC
	OK
	
	
	
	
	
	

	
	
	ASCC
	OK
	PSCC
	OK
	
	
	
	
	
	

	
	grdmat
	AGMAT
	OK
	PGMAT
	OK
	
	
	
	
	
	

	
	spcmat
	ASMAT_S
	OK
	PSMAT_S
	OK
	
	
	
	
	
	

	
	
	ASMAT_L
	OK
	PSMAT_L
	OK
	
	
	
	
	
	

	
	rawbio
	
	
	
	
	
	
	BGRD
	OK
	
	

	monthly
	smkinven
	
	
	
	
	MOBL
	OK
	
	
	
	

	
	
	
	
	
	
	MSRC
	OK
	
	
	
	

	
	
	
	
	
	
	MSCC
	OK
	
	
	
	

	
	grdmat
	
	
	
	
	MGMAT
	OK
	
	
	
	

	
	
	
	
	
	
	MUMAT
	OK
	
	
	
	

	
	spcmat
	
	
	
	
	MSMAT_S
	OK
	
	
	
	

	
	
	
	
	
	
	MSMAT_L
	OK
	
	
	
	

	
	mvcondns
	
	
	
	
	MVCONDS
	OK
	
	
	
	

	
	mvsetup
	
	
	
	
	MPLIST
	OK
	
	
	
	

	
	
	
	
	
	
	PREMPREF
	OK
	
	
	
	

	
	temporal
	ATMP
	OK
	
	
	
	
	
	
	
	

	daily
	temporal
	
	
	PTMP
	OK
	MTMP
	OK
	
	
	
	

	
	laypoint
	
	
	PLAY
	OK*
	
	
	
	
	
	

	
	smkmerge
	AGTS_L
	OK
	PGTS3D_L
	OK
	MGTS_L
	OK
	
	
	
	

	
	Premobl
	
	
	
	
	MINMAXT
	OK
	
	
	
	

	
	
	
	
	
	
	MEFTEMP
	OK
	
	
	
	

	
	emisfac
	
	
	
	
	MEFSND
	OK
	
	
	
	

	
	
	
	
	
	
	MEFSD
	OK
	
	
	
	

	
	tmpbio
	
	
	
	
	
	
	BGTS_L
	OK
	
	

	
	mrggridd
	
	
	
	
	
	
	
	
	EGTS3D
	OK


*The point source processor (PLAY) is running on Linux if but gives different results than the SGI version.

Appendix A.  Summary of Modeling Forum meeting

This meeting summary was prepared by John Vimont of the National Park Service and WRAP Modeling Forum Co chair.

There was a general discussion of what types of model runs were needed for the section 309 SIP demonstrations.  There was general agreement that the first priority was analyzing the GCVTC SO2 controls and have these runs ready for the “all-comers” meeting in May.  The meeting quickly turned to a discussion on how to include fire emissions in the 2018 base case runs.  

The issue with fire in the 2018 inventory is that we need to compare against the conditions in 1996, which, ideally, would mean that the base years use the same fire inventory.  The issues with the 1996 inventory are that: 1) 1996 was the second highest wildfire year on record and may skew the results of other control strategies if the fire emissions are used in the 2018 runs, 2) the prescribed fire inventory is spotty at best and is currently not included in the wildfire inventory, and 3) there are no agricultural burning emissions in the inventory.  Our timing is such that we cannot wait for new emissions to start looking at control strategy runs.  The resolution was to use the 1996 base wildfires in the 2018 runs so that we can proceed with the 2018 analyses in time for the May meeting.  There will be a different set of “average” fire emissions created for other runs in the future.  This will entail re-running the 1996 base runs with these synthetic emissions so that we have comparability to establish rate of progress.  

The priority for emission runs was to get the SO2 control strategies evaluated before the May meeting.  There were three runs discussed, the annex or market scenario, BART with uncertainty and BART.  The first two were given the higher priority, although all three are to be analyzed.

The next analysis to be completed is the assessment of the effects of paved and unpaved road dust emissions. [51.309(d)(7) Area sources of dust emissions from paved and unpaved roads. The plan must include an assessment of the impact of dust emissions from paved and unpaved roads on visibility conditions in the 16 Class I Areas. If such dust emissions are determined to be a significant contributor to visibility impairment in the 16 Class I areas, the State must implement emissions management strategies to address the impact as necessary and appropriate.]  The discussion focused on doing this with the 2018 inventory, however, this may be a base year issue, in our case 1996.  “If such dust emissions are determined to be a significant contributor to visibility impairment,” the other forums need time to develop the emission management strategies, so this run will be needed soon.

Since fire emissions can potentially contribute substantial quantities of VOC and NOX to the atmosphere, it will be important to have the synthetic average emissions included before further analysis with sources of reactive species (i.e. mobile) is done.  So the next runs will be to include the synthetic fire emissions in the 1996 and 2018 base cases and re-run those.

Mobile emissions sensitivity will be next, since, again, if they are shown to be significant, emission management strategies will need to be developed.  This will take some lead-time.  

Fire strategies, pollution prevention, NOX and PM controls on stationary sources will all be analyzed after mobile.  

We haven’t addressed looking at all strategies together.  We probably have to think through some of the runs in more detail, particularly given some of the discrepancies we see in some emission categories (road dust) and in some of the model results.  

The 309 emission runs are summarized in Table 1.  The model run completion dates listed are the last possible dates – these dates include time to analyze the runs.  The dates were provided by the members of the various forums in attendance.  Everyone seemed to be willing to live with those dates.

Full technical documentation was deemed to be able to wait until December.  Documentation is not going to be trivial.  The WRAP needs documentation of all of the various emission development and processing from the various forums and their contractors, as well as from the modeling forum and its contractors.  The RMC is trying to provide a variety of products that would be useful for states. The remaining discussions were on the model performance for 1996.  There were some baffling problems with REMSAD, which have been identified.  CMAQ was producing reasonable results, by comparison.  After lengthy discussions, it was agreed that no further resources would be put into rectifying problems with REMSAD, other than to document what had happened to date.  It has been confirmed that the problems were related to a mis-specification of the boundary conditions, but given a number of resource considerations it was not considered useful to continue with two parallel modeling efforts.  (The advantage of running REMSAD was that it could be run much faster than CMAQ, at the expense of a rigorous treatment of chemistry.  However, given the way CMAQ has been configured and by running multiple time periods in parallel, CMAQ can be used for analyzing the 309 strategies in a timely fashion.)

The CMAQ results also raised some interesting questions that will be addressed through some sensitivity runs.  These include, 1) adjusting the ammonia inventory, 2) examining the effect of the boundary conditions on the concentrations along the west coast, 3) investigate why coarse material is being underpredicted by the model, and 4) check the sensitivity to magnitude of the fire emissions.  These are summarized in Table A-2.

Table A-1: Emissions modeling runs in support of 309 SIPs with deadlines for emissions, processing air quality modeling and analysis.

	Description
	Dates

	Base 2018:  2018 base case F (named to match 1996 base case)

· Use Oct 2000 version of 1996 wildfires

· 2018 on-road mobile emissions (from Oct 2001 (?)) 
after 25% factor applied to road dust emissions

· 2018-non-road mobile emissions (from Oct 2001 (?))

· 2018 point emissions (from Jan 2002)

· 2018 area emissions (from Jan 2002)

· 1996 BEIS2 emissions from 1996 base case F (?)

· No prescribed burning

· No windblown dust

· 1996 Mexican and Canadian inventories used for 1996 base case F (?)

· No sea salt

· Seasonally adjusted NH3 based on ORD inverse modeling

· BC from updated OAQPS REMSAD or from CARB if available.


	Inventory


2/14/02

SMOKE


3/08/02

CMAQ


3/29/02

Analysis


4/26/02

	Case 1:  2018 Control FC01
· Same as 2018 base case A, except:

· Annex, point SO2-only (milestone inventory)
	Inventory


2/28/02

SMOKE


3/15/02

CMAQ


4/5/02

Analysis


4/26/02



	Case 2:  2018 Control FC02
· Same as 2018 base case A, except:

· 2018 point SO2-only emissions for command and control (BART) with uncertainty


	Inventory


3/15/02

SMOKE


3/22/02

CMAQ


4/12/02

Analysis


5/03/02

	Case 3:  2018 Control FC03
· Same as 2018 base case A, except:

· 2018 point SO2-only emissions for command and control (BART)


	Inventory


3/15/02

SMOKE


3/27/02

CMAQ


4/19/02

Analysis


5/03/02

	Case 4:  2018 Control FC04
· Same as 2018 base case A, except:

· Road dust emissions removed from inventory

· Note that analysis schedule is delayed because most of May will be focused on the May 20/21st meeting and we do not anticipate being able to complete analysis of this case for this meeting.


	Inventory


2/14/02

SMOKE


4/05/02

CMAQ


4/30/02

Analysis


6/07/02



	Case 5:  1996 Reference Base case refG1996
· Goal of this base case is to provide a reference point for 309 SIP perceived requirement to compare progress between 2018 and 1996. Since goal of case is to show progress between these years, that demonstration will be confounded if we used different fires or if we used 1996 fires which was an extreme fire year. This reference base case will therefore use a more “typical year” fire scenario, as determined by the fire forum. This may include the 2018 prescribed burning emissions estimates without prescribed burn control plans.

· Perhaps check where windblown dust is in development process


	Inventory

SMOKE

CMAQ

Analysis


6/28/02

	Case 6:  2018 Reference Base case refG2018
· Area, Non-road mobile, On-road mobile, point from 2018 base case A (not including any fires)

· Same fire emissions as 1996 Reference base case A (no prescribed control plan)
	Analysis


6/30/02

	Case 7:  2018 Control refGC01
· Same as 2018 base case refG2018, except:

· Use prescribed burn smoke management 


	Analysis


7/31/02

	Case 8:  2018 Control refGC02
· Same as 2018 base case refG2018, except:

· Pollutant-prevention (incorporates Annex) – need more detail about what this involves
	Analysis


7/31/02

	Case 9:  2018 Control refGC03
· Same as 2018 base case refG2018, except:

· Remove all on-road mobile and off-road mobile emissions (tailpipe and evaporative) for all pollutants. Leave road dust unchanged.


	Analysis


8/15/02

	Case 10:  2018 Sensitivity refGS01
· Same as 2018 base case refG2018, except:

· 50% decrease in all anthropogenic NOx emissions


	

	Case 11:  2018 Sensitivity refGS02
· Same as 2018 base case refG2018, except:

· 50% decrease in all PM2.5 species and coarse PM emissions


	


Table A-2: Model sensitivity runs in support of Section 309 SIPs.  Runs 4 and 5 were deemed low priority.

	Sensitivity Simulations or Model Analysis Description


	Schedule

	Sensitivity 1.  Seasonal corrections in NH3 inventory will include a 50% reduction in NH3 emissions for Winter months, Nov to Feb.

Use these results to determine if the seasonal correction should be used in the 2018 simulations.  Default assumption is that this is the “best science” and this approach will be used unless 1996 base case is worse when using the seasonal correction.  Long terms solution is to develop better NH3 inventories.


	Complete by March 7, 2002

	Sensitivity 2.  Boundary Condition Sensitivity.  Implement clean western BC and perform a January and July simulation. Clean BC will be based on results of 


	Pending availability of new data from CARB.

	Sensitivity 3.  Thermodynamics Sensitivity: implement the ISORROPIA thermodynamics scheme.


	

	Analysis 1.  Investigate coarse PM differences in CMAQ and REMSAD by comparing coarse mass deposition.  


	Completed

	Sensitivity 4.  BEIS3 biogenic emissions.


	After May 2002

	Sensitivity 5:  New wildfire inventory and prescribed burning inventory.


	After May 2002
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