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1. INTRODUCTION   
 
Alpine Geophysics, LLC  (AG), teamed with scientists at the University of California, 
Riverside (UCR) , and at ENVIRON International, is pleased to present this proposal to 
develop the open emissions modeling (OPEM) system for the Lake Michigan Air 
Directors Consortium (LADCo).   The AG/ENVIRON/UCR team presents not only a 
very strong group of senior emissions and photochemical/aerosol air quality modeling 
experts, but it also delivers the necessary supporting infrastructure to conduct this 
development effort in a timely and efficient manner.  One unique feature of this team is 
its extensive experience in both emissions modeling and in environmental model 
development.  Key participants have a minimum of 15 years of experience in the 
development, evaluation, and/or application of advanced emissions modeling system. The 
team also includes considerable expertise in the development of software and database 
packages under a wide variety of programming languages, most notably extensive 
experience in the design and coding of SQL based systems.   In addition to this senior 
staff, the team also features a group of experienced SQL programmers able to efficiently 
and economically implement the model development.  
 
Ms. Cyndi Loomis, AG will provide overall management of the project.  Technical 
direction of the study will be the joint responsibility of the Ms Loomis (AG), Dr. Gerard 
Mansell (ENVIRON), and Dr. Zion Wang (UCR).  These three will share the 
responsibility for organizing the technical activities under each project task, performing 
the work directly or in a supervised fashion, and personally assuring the quality of task 
results.  Communications among the project team will occur through regular contact by 
telephone, e-mail and visits to the ENVIRON, UCR, and AG websites. The project team 
has worked together successfully on a number of large projects, and has a history of 
successful collaboration.  The major participants have a well-established working 
relationship.  
 
1.1 Overview and Study Objectives 
 
The production of high quality emissions modeling inventories for input into a wide 
variety of atmospheric photochemical and aerosol models continues to be an exacting 
labor intensive process.  The current emissions models available all have demonstrated 
advantages and drawbacks.  SMOKE does not require the purchase of expensive third 
party software, executes quickly, and provides a wide variety of execution options.  
However, the sparse matrix processing algorithm has proved difficult for use with ad-hoc 
reporting and QA processes, and is not ‘transparent”. Indeed, when attempting to QA the 
emissions result for a particular source or category, it is very difficult to trace the 
calculations performed on input data.  Although the SMOKE software is provided at no 
cost, copyright issues prevent users from making and distributing their own customized 
additions or corrections.  EMS is written is SAS, which provides easy access and QA of 
intermediate data and processing steps, but the SAS system is costly, requires annual 
maintenance charges, and locks the system into a single software vendor.  The SAS 
system is also I/O intensive, and can be prohibitively slow for some types for processes 
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(notably on-road motor vehicle processing).  EPS is FORTRAN based, and publicly 
available, but does not have the flexibility offered by SMOKE and EMS. 
 
All of these modeling systems have been in the environmental community for many 
years, and the proposal team has extensive experience in the application, development, 
and enhancement of these systems. In fact members of the original design teams of both 
the EMS and EPS systems are on this project team.  Familiarity with the current models 
has lead the project team to a deep understanding of the shortfalls and highlights of the 
current systems, as well as an understanding of additional requirements that should be 
included in the next generation of modeling systems.  We believe that this extensive 
experience with the existing models provides a unique perspective on the requirements 
for the OPEM model that is unmatched by any of our potential competitors. 
 
1.2 Overview of Qualifications  
 
The proposed project team is comprised of scientists from Alpine Geophysics, 
ENVIRON International Corporation, and the University of California, Riverside. The 
principals of these firms and institutions have had successful working relationships for 
nearly two decades, involving modeling and analyses in connection with major studies 
such as the Southern California Air Quality Study (SCAQS), the Lake Michigan Ozone 
Study (LMOS), Ozone Transport Assessment Group (OTAG), the Southern Appalachia 
Mountains Initiative (SAMI), the Central California Ozone Study (CCOS2000), and the 
Texas Air Quality Study (TexAQS2000).  Our study team is composed of nationally and 
internationally recognized experts in the fields of emissions, photochemical and 
particulate aerosol modeling.  We offer substantial technical and computational resources 
and scientific staff with direct knowledge and experience relevant to emissions modeling 
over urban, regional, and national scales.  Members of this team have been involved in 
the development of many of the major environmental modeling systems in use today, 
including EMS, EPS, RAPIDS, GLOBEIS, NONROAD, MOBILE6 and BEIS3 
extensions to EMS, and CAMx.  
 
Alpine Geophysics, LLC is a consulting firm providing highly specialized research and 
applications services in the atmospheric, physical, and environmental sciences.  Alpine 
Geophysics (AG) consists of senior professionals who have joined together to provide 
expert consulting services to government and industry.  Founded in 1985, the firm 
specializes in the following areas: (1) photochemical and mesoscale meteorological 
modeling; (2) urban and regional SIP air quality planning; (3) emissions modeling and 
inventory development; (4) design and management of aerometric field programs (in 
support of modeling activities); (5) aerometric data analysis; and (6) training programs in 
the use of emissions and atmospheric simulation tools for regulatory applications. AG 
offers considerable expertise in computer simulation, data base management, and 
statistical and interpretive analysis.  Staff members have been involved in the 
development of numerous emissions modeling systems and enhancement, including 
GEMAP, EMS-95, EMS2003 MOBILE6 and BEIS3 modules, and RAPIDS.  
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ENVIRON International, Corporation is a 450-person health and environmental 
consulting firm founded in 1982 with several offices in United States (US), Europe, Asia, 
and Australia.  The Air Sciences Group of ENVIRON is composed of approximately 45 
persons, each highly skilled in various aspects of air quality management and science.  
The Air Sciences personnel of the ENVIRON Novato Office have skills in engineering, 
physics, meteorology, mathematics, risk assessment, computer programming, emission 
inventory development, photochemical and particulate matter (PM) modeling, 
meteorological modeling, control technology assessments, broad based air quality control 
strategy analyses, mobile and stationary source emissions standards assessment, 
environmental data base development and management, and environmental statistics.  
The personnel at the ENVIRON Novato Office are recognized experts in the 
development and application of advanced photochemical, PM, and visibility models, 
emissions model development and applications, and meteorological modeling.  The 
ENVIRON Novato Office personnel have been involved in the development of many of 
the photochemical and PM models and emissions models in use today including UAM-
IV, UAM-V, REMSAD, CAMx, PMCAMx, and EPS2x. 
 
ISSRC/ University of California Riverside staff 
Staff from the University of California Riverside Air Quality Modeling Program will 
participate in this study through the ISSRC, a non-profit 501(c)(3) research center. The 
ISSRC is a recently formed center designed to carry out model development and 
applications studies that are not well suited for the University of California. The 
advantages of completing this work through the ISSRC include lower overhead rates, 
greater flexibility in managing project staff, and avoiding possible conflicts with the 
University of California intellectual property rights restrictions. The ISSRC staff 
currently hold joint appointments at UCR College of Engineering and at ISSRC. Long 
term plans call for moving the UCR modeling activities to the ISSRC while continuing 
laboratory and experimental research at UCR. 
 
Dr. Gail Tonnesen manages the Air Quality Modeling Program at UCR/ISSRC which 
includes a staff of 9 research scientists with expertise in experimental photochemistry, 
meteorology, emissions modeling, air quality modeling and software design. Key staff 
include Dr. Zion Wang with 18 years of experience in meteorological and air quality 
modeling and Dr. Mohammad Omary who has ported the SMOKE emissions processing 
system to Linux and adapted it for use in California. 
 
1.3 Experience in Emissions Model Development 
 
The project team has been involved in a wide variety of environmental model 
development efforts.  Highlights of the team’s experience include:  
 
GEMAP/EMS-95 development 
Members of Alpine Geophysics were part of the original design and development team of 
the GEMAP/EMS emissions modeling system.  In 1990, AG was contracted to continue 
the development and refinement of the system.  AG has used, updated, and refined EMS 
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under contract or as internal research and development over the past 12 years.  This has 
provided AG a detailed knowledge of the of the emissions inventory modeling process. 
 
EPS development 
Staff at ENVIRON were the developers of the Emissions Preprocessor System v 2.0 
(EPS2).  EPS2 is a FORTRAN based emissions inventory processing system originally 
designed for use with the Urban Airshed Model (UAM).  ENVIRON staff were not only 
instrumental in the design and development of the system in 1990, but have recently 
upgraded and enhanced the system for integration with modern emissions databases such 
as the NEI emissions inventory.  Newer versions of EPS2 have been used by ENVIRON 
staff to develop emissions inventories for a number of CAMx photochemical modeling 
efforts. Through more than a decade of the use and maintenance of EPS2, staff at 
ENVIRON have gained expert knowledge of the intricacies of emissions inventory 
processing, including data base management, quality assurance and source category 
tracking and reporting. 
 
MOBILE6 integration to EMS2003 
In 2002, LADCo contracted AG to incorporate the newly-release MOBILE6.2 model into 
the EMS modeling framework.  Available in the current release of EMS2003, the 
FORTRAN based MOBILE6 model I/O routines were rewritten to interface seamlessly 
with the SAS-based Motor Vehicle emissions model.  This project required a complete 
re-write of the EMS Motor Vehicle model to take advantage of the expanded emissions 
factor calculation capabilities available in MOBILE6.  
 
BEIS integration to EMS2003 
Under contract to LADCo, AG has recently integrated the BEIS3 biogenics emissions 
estimation methodology into the EMS modeling framework.  This integration effort 
required re-writing the FORTRAN based BEIS3 model into SAS, giving the model 
development staff at AG a thorough understanding of the BEIS3 processing.  This 
version of the BEIS3 modeling is currently available in the EMS2003 release. 
 
CAMx 
 ENVIRON has developed and supported the publicly available CAMx model since the 
release of version 1.1 in 1997. We have continually maintained and upgraded the code 
which is now in version 4. Major extensions to the original CAMx ozone model include:  
 
• ozone source apportionment (OSAT)  
• decoupled direct method (DDM) for sensitivity analysis  
• process analysis  
• reactive tracers for air toxics modeling (RTRAC)  
• 1-atmosphere and full-science PM modeling  
 
In addition, there have been many improvements to improve the science (e.g., mass 
consistency and wet deposition upgrades) and usability (e.g., flexi-nesting). The code is 
supported via dedicated web and ftp sites and an email list-server. CAMx is now used by 
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regulatory agencies throughout the US and scientists in North and South America, 
Europe, Asia and Africa.  
 
NONROAD 
In cooperation with the OTAQ at EPA, staff at ENVIRON developed the NONROAD 
emissions model.  The NONROAD model is used to generate county-level emissions 
estimates for offroad mobile sources and can be used in inventory development efforts in 
any area in the United States.  NONROAD is an integrated system including a 
FORTRAN based core model for estimating emissions, an ACCESS based reporting 
utility for generating tables and reports, and a Visual Basic based graphical user interface.  
This unique modular design takes advantage of the strengths of the three programming 
platforms on which the system was developed: the number crunching power of 
FORTRAN, the data-mining and reporting features of ACCESS, and the ease-of-use and 
flexibility of the windowing interface of Visual Basic. The output from the NONROAD 
model can easily be integrated into an emissions processing system for use in 
photochemical modeling. 

1.4 Project Management and Key Participants 
 
The project team has the resources and experience needed to conduct this study in a 
technically sound, timely, and cost-effective manner.  The lead scientists forming our 
System Design Team include Ms. Cyndi Loomis and Mr. Jim Wilkinson of AG, Dr. 
Gerard Mansell and Mr. John Haasbeek of ENVIRON, and Dr. Zion Wang, of 
ISSRC/UCR. Ms. Loomis will serve as Project Manager (PM), overseeing all matters of a 
business and contractual nature, with AG serving as the prime contractor and managing 
the financial aspects of the project.    Ms. Loomis, Mr. Wilkinson, Dr. Mansell, and Dr. 
Wang will be responsible for the development of system requirements and the OPEM 
model functional design.  Mr. Haasbeek will lead the SQL database design and system 
development, and be responsible for overall performance tuning.  Responsibility for 
individual modeling tasks are presented in Table 1.1 
 
Table 1.1 Distribution of Model Development Activities 
 

Model Design Implement Testing 
Area Source Model AG/ISSRC ISSRC AG 
Point Source Model AG/ISSRC ISSRC AG 
Speciation Model ISSRC ISSRC AG 
Biogenics Model AG AG Environ 
Motor Vehicle Model Environ Environ AG 
Spatial Surrogate Model AG AG Environ 
Growth & Control AG AG ISSRC 
QA and Reporting AG AG ISSRC 
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2. TECHNICAL APPROACH 
 
The goal of the OPEM community model development effort will be to produce a basic 
emissions modeling system, and to provide a robust foundation for additional model 
development.   The RFP has quite correctly identified a number of characteristics that 
must be included in the design of the OPEM model.  The design team will explicitly 
address these features in the design of the model system: 
 
Quality Control:  Primary concern must be placed on the ability of the OPEM modeling 
system to identify, isolate, and correct potentially inaccurate or invalid data.  A system 
that guides the user with estimates potential severity of the error and suggestions for 
corrections or default values is desirable.  
 
Transparency:  Data should be available for evaluation at every step of the modeling 
process.  The “black box” approach is not appropriate for an emissions modeling system.  
The users must be able to access data and intermediate results before and after each 
processing step, and to understand the calculation process.   
 
 Performance: The modeling system must operate quickly enough to simulate the long 
episode periods required to address regional and national scale air quality issues. The 
design team includes an SQL database specialist who will be charged with assuring 
maximum performance, and to make suggestions to improve performance through careful 
review of the database and program structures, iterative performance evaluation, and 
ongoing tuning recommendations.  
 
Public Domain: 100% of the codes written and utilized in the development of the OPEM 
system will be in the public domain, and not restricted by licensing or copyright issues 
other than GPL restrictions.   GPL restrictions allow for free distribution and alteration of 
code, but restrict the inclusion of the code into for-profit software by other parties.  The 
only exception to this may be the FORTRAN complier required for MOBILE6. 
 
The OPEM system will be developed using the PostgreSQL database engine, running on 
the Red Hat Linux operating system.  Additional software may be required to access or 
develop data in formats that are not easily compatible with PostgreSQL.  In some cases, 
significant performance improvements may be achieved by supplementing the SQL code 
with non-database functions written in Perl or GNU C. In these cases, we expect that the 
use of the supplemental codes will be transparent to the user. The casual user will not be 
required to access data in this fashion.   The sections addressing the individual models 
discuss in detail additional language requirements, but as an overview, we anticipate the 
following will be required:  
 
FORTRAN – MOBILE6 model. 
I/O API – CMAQ output format. 
PERL  - Access of MM5 binary met files and MOBILE6 output files. 
GNU C – Access CEM and other external input dataset. 
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GRASS - Access of spatial data for spatial surrogate development. 
 
In compliance with the requirements of this proposal, additional software will not require 
the purchase of packages other than a FORTRAN compiler, and will be compatible with 
the Red Hat LINUX operating system.  If additional codes are required strictly for 
performance enhancements, approval from the sponsor will be obtained prior to 
inclusion. 
 
The emissions model will be developed in a modular fashion, with four primary source 
category models, and a group of secondary support models that will serve each of the 
primary models.  The four major emission source categories will be treated as the 
primary models:  

Area/Nonroad (includes temporal allocation development) 
Point (includes CEM and day-specific point modeling) 
On-road Motor Vehicle (includes MOBILE6 interface), and 
Biogenics (includes interface to meteorological datasets) 
 

The required supporting models will be: 
Spatial Surrogate Development,  
Speciation,  
Growth and Control, and 
QA and Reporting.  

 
The overall framework architecture and database design will be created during the 
development of the point and area models.  Structural requirements will be refined for the 
unique requirements of the motor vehicle and biogenic models.  The supporting system 
models will accommodate all of the primary models, as required. 
 
The following sections describe the overall design process, and then discuss details 
specific to modeling each source category, and considerations for each of the supporting 
models. 
 
2.1 Overall Approach to Model Development  
 
To best assure the consistency and quality of all portions of the modeling system, the 
project team has broken the system development project into four distinct phases.  
Each model section will be developed using the following phases: 
 1. Specification Development and Design 
 2. Implementation 
 3. Quality Assurance and Alpha Testing 
 4. Documentation 
To take maximum advantage of the unique experiences of the project team members, 
each task will be staffed by a design team and an implementation team.   
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2.1.1 Specification Development and Design 
The design team will consist of experienced emissions modelers working in close 
conjunction with experienced SQL systems designers.  Ms. Loomis, Dr. Wang and Mr. 
Haasbeek will develop the overall system design. Each of the primary models will be 
assigned a design team tailored to the specific requirements of the model.  We expect that 
a development hierarchy will be required for several of the model components, and 
reflect this in the delivery schedule.  The probable hierarchy for development will be:  

1. Area Source Model in conjunction with temporal processors, spatial,  
         speciation,  and QA/Reporting models; 

   2. Point Source Model in conjunction with Growth and Control model; 
 3. Biogenics Model; and 
 4. Motor Vehicle Model. 
Using this approach, we can produce basic versions of the required supporting models 
during the area model development, and then refine them for subsequent models. 
 
2.1.2 Implementation 
When the requirements for the model have been established, they will be turned over to 
the implementation team, consisting of SQL programmers supervised by a member of the 
design team.  The implementation team will be responsible for the coding and 
development of the primary or supporting model in accordance with the system design.  
In addition, the implementation team will develop the control files and run scripts 
required for each model.  
 
2.1.3 Quality Assurance and Alpha Testing   
All models will be subjected to testing and review prior to release to the committee beta 
testers.  A designer and a coder who were not directly responsible for the development of 
the model being tested will undertake the internal alpha testing functions.  Part of the 
testing process will be to develop sets of test files that can be utilized by the beta testing 
committee, and for installation validation at a later date. 
 
2.1.4 Documentation 
The most effective documentation is produced by the staff responsible for the model’s 
development and design.  A documentation outline will be developed early in the project, 
and will be completed for each model, as coding is complete.  In order to support the 
modular nature of the OPEM system, we envision a “one model per chapter” format.  
Each chapter will include the complete description and details of one of the modeling 
units, including: input files and formats, intermediate and cross-reference files, output 
files and formats, global and local environment settings, report and QA options available, 
and sample model calculations. 
 
The documentation will also include a technical discussion of the performance issues 
addressed during model development, highlighting the important tuning measures taken 
and providing guidance to model users and subsequent developers on maintaining a high 
level of execution speed. 
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2.2 Area Source Model  
 
The area source model (ASM) will process emissions from many individually small 
activities such as gasoline service stations, small paint shops, and consumer solvent 
usage. The ASM will use the National Emissions Inventory (NEI) Input Format version 
3.0 (NIF 3.0) as its native input format, and it will perform temporal allocation, spatial 
allocation, and speciation of the NIF emissions data.  The NIF is composed of four files, 
by data source type - point, area and nonroad mobile, onroad mobile, and biogenics. The 
NIF uses a relational, fixed-position date format with specific records within each source 
type file and the records are related to one another by a set of common data fields known 
as “key” data fields. The key data fields are highlighted in each record. All data fields in 
a record have a designated begin and end (fixed) position. 
 
In the development of the ASM, the public domain PostgresSQL relational database 
management system (RDBMS) will be used as the backbone. Tables will be created in 
the RDBMS and area and nonroad emissions inventory data from the NIF 3.0 will be 
inserted into the database. Once all the data are added to a database, information can be 
managed (retrieved, inserted, updated, and deleted) and accessed through SQL relational 
capabilities.  Every value in the relational database is accessible by using a combination 
of the table name, primary key value, and column name. Relationships are defined 
between tables in a database, so no specific sorted order is necessary. Furthermore, 
database normalization reduces redundancy by separating data into separate tables in 
which each type of information is stored only once. This increases efficiency, reduces the 
size of the database, and makes it easier to update. 
 
As part of the built-in QA procedure, data rules are defined within the database and 
stored in an online catalog; therefore, they cannot be bypassed and only acceptable values 
can be inserted into the column. Internal quality assurance featuring a variety of “sanity 
checks” will be implemented to ensure data are within reasonable bounds. If the data 
violates the sanity checks, depending on the severity of the violations, different tiers of 
QA messages and warnings will be generated.   In the processing of the emissions data, 
such as the creation of factors and the merging of factors with the emissions inventory 
data, the functions, data types, and aggregates available in the RDBMS will be used. Any 
intermediate files generated during the processing are also stored in the RDBMS and are 
available for query. QA and summary reports will be generated at various stages of 
processing. 
 
The ASM will optionally produce output files as either UAM/CAMx-ready low-level 
emissions file or as CMAQ-ready files in the I/O API format. Additional functions to 
create the emissions output for these photochemical transport models will be written with 
either Perl or GNU C (both are free and publicly available).  Because of the complexity 
and potential problems of linking the I/O API libraries to an already complex emissions 
processing system, the conversion to the CMAQ-ready files will be done at the final 
output step. The I/O API and NetCDF libraries will be used only in creating the final 
CMAQ-ready emissions files and are not required for model operations. 
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2.2.1  Temporal Allocation 
 
The EMS-2003 temporal processors will be used as a blueprint for designing SQL 
programs to perform the temporalization of the NIF files and the selection of the “best” 
NIF emissions record to reflect emissions for a given day.  The area source model will be 
designed to use the temporalization components of the Regional Planning Organizations’ 
(RPO) data exchange protocol and the full set of options provided by that file type will be 
permitted. The model will include the application of hourly profiles by day-of-week 
including weekends, by month-of-year, or season-of-year temporal profiles.  These 
profiles will be stored as base tables in the RDMBS. The model will support three types 
of temporal datasets that will be applied hierarchically including (1) a national default set, 
(2) a national SCC default set, and (3) a state/tribe/RPO-supplied set.  
 
A key design feature is the method used to handle input data in different time zones. The 
SQL database will be designed to convert all data to Greenwich Mean Time (GMT), and 
all internal databases processing will be accomplished in GMT.  This will permit the 
model to be applied to any country/region in the world.  The ASM will be designed to 
produce output files in either GMT or in a user specified time zone consistent with the 
primary time zone used in the air quality models.  This temporal allocation will calculate 
emissions for different days and seasons in the same way as EMS-2003 handles the NIF 
files in point and area sources. 
 
2.2.2  Spatial Allocation 
 
Spatial gridding surrogate data are required to allocate county level area source emissions 
to particular model grid cells. In some cases it is desirable to convert spatial surrogate 
data from fine resolution to coarse resolution grids. The ASM will include a robust 
spatial processing component to utilize the spatial surrogate developed by the spatial 
allocation model (see section 2.7 Spatial Allocation)  
 
2.3 Point Source Model  
 
The point source model (PSM) will also use NIF3.0 as its native input format.  The PSM 
will include the same temporal capabilities as described above for the ASM.  The PSM 
will include spatial processors capable of projecting point sources to Lambert, 
Latitude/Longitude, Polar Stereographic, and UTM coordinate systems. These processors 
will mainly be written in SQL.  If necessary, additional functions will be written with 
either Perl or GNU C (both are free and publicly available.) 
 
2.3.1 CEM emissions modeling 
 
The PSM will include a GNU C program designed to read day- and hour- specific 
Continuous Emissions Monitoring (CEM) data types, performing QA on the CEMS data, 
and formatting it for use in the SQL model.  
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2.3.2 Temporal Allocation 
 
Point source emissions can be temporally allocated either using “typical day” temporal 
profiles or using day specific temporal allocation. Typical day temporal allocation is a 
less complex and more common method that takes a pre-existing annual or seasonal 
estimate and uses factors to adjust from year to year, from year to month, from average 
day to specific day of the week, and from day to hour. These factors are often related to 
activity and do not consider seasonality or temperature effects on emissions factors. The 
day specific approach uses data for particular day and accounts for many of the variables 
that affect the emissions source. This is the most accurate method to perform temporal 
allocation but it is data intensive and computationally difficult. The PSM will support 
both the “typical day” and the day specific allocation using hourly ambient data and stack 
parameters. 
 
2.3.3 Stack modeling 
 
The PSM will produce output files either as UAM/CAMx-format elevated point source 
file or as CMAQ-format I/O API elevated source files. The UAM/CAMx file includes 
stack information so that plume rise is calculated internally in the UAM or CAMx model. 
By contrast, CMAQ requires that plume rise height be calculated in the emissions 
processing system.  Thus, for CMAQ files, the PSM will read meteorological fields 
produced by the CMAQ Meteorology Chemistry Interface Processor (MCIP), and will 
calculate the plume rise for each point source, distribute the plume into the vertical layers 
that the plume intersects based on the pressure in each layer, and generate three-
dimensional CMAQ-ready emissions input files in I/O API format.  Plume-rise will be 
calculated with either the Briggs (1971, 1972) algorithm used in SMOKE or the EPA 
TUPOS Gaussian Plume Model (Turner and Catalano, 1986) algorithm used in CAMx. 
The CMAQ model requires additional data to allow use of the plume-in-grid treatment of 
large point sources, and the PSM will also include an option to produce emissions for 
large elevated point sources with data required for plume-in-grid and plume-rise 
calculations. 
 
2.4 Speciation Model  
 
After spatial and temporal allocation, the third key component of emissions modeling is 
speciation of the emissions. Emissions inventory data are typically provided using 
explicit organic species or as a generic family of volatile organic compounds (VOC). Air 
quality models, however, employ condensed photochemical mechanisms that use only a 
few model VOC species to represent the thousands of explicit VOC found in ambient air. 
Thus, the emissions processing system requires an algorithm for converting the input 
explicit or generic VOC species to the model species. Moreover, each photochemical 
mechanism uses a unique set of model VOC species, thus the emissions processing 
system must be designed to accommodate speciation for any of the widely use 
photochemical mechanisms. The most widely used photochemical mechanisms include 
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the Carbon Bond Method –Version IV (CB-IV) (Gery et al., 1989) the SAPRC 
mechanism (Carter, 1990), and the RACM mechanism (Stockwell et al., 1995).  
 
Explicit VOC species are first determined using a SCC (source category code) that 
specifies the explicit VOC emissions for each source type. The, the speciation model uses 
a speciation cross-reference file to map the explicit species to a chemical speciation 
profile appropriate for the particular photochemical mechanisms being used. The cross-
reference file may be county specific, as in the case of automobile fuels, or nationally 
uniform, as in the case of residential coal combustion. The speciation model will store the 
SCC and cross-reference data as base tables in the SQL database, and SQL code will be 
use to convert the source specific NIF area and point emissions to moles of the unique 
model species for the CB-IV or SAPRC species. 
 
In addition to speciating the emission inventories into multiple chemical mechanisms 
such as the current versions of CB-IV and SAPRC, the model will also be able to build 
lumped chemical mechanism speciation profiles from raw speciation profiles using the 
apportionment of the chemical compounds (EPA SAROAD codes) to mechanism 
species, organic profiles and SCC’s.  The speciation model will be capable of matching 
the different naming requirements for species and output datasets to photochemical 
models such as CAMx and CMAQ.  The model will have an option for users to supply 
the raw speciation values and generate REMSAD input files.  The model will contain the 
most current version of US EPA’s SPECIATE database.  The SPECIATE database is 
EPA's repository of Total Organic Compound (TOC) and Particulate Matter (PM) 
speciated profiles for a variety of sources for use in source apportionment studies.  The 
model would also read speciation files from the RPO data exchange protocol.  The model 
will not hard-code any pollutants into the model and will be designed to allow users to 
add new pollutants and species easily. For example, the model will have the capability to 
use toxics inventories if users develop appropriate inputs to the speciation model. 
 
2.5 Biogenic Model  
 
The new biogenic emissions model will mimic the process flow, data inputs, and data 
outputs that are currently a design aspect of BIOME3.  Conversion of most of the 
functionality that currently resides in BIOME3, which is written in SAS, will be 
relatively easy to convert the PostgreSQL-based system.  The foundation data for the new 
biogenic emissions model will be extracted from EPA’s current version of the 
BEIS3/BELD3 modeling system and placed in the PostgreSQL relational database.  
Further, the project team will also review EPA’s current BEIS3 modeling system to 
ensure compatibility with any new updates.  Also, the proposed biogenics emissions 
modeling system will contain features to mimic many of the best components of 
GloBEIS, BEIS3, and BIOME3.  Current biogenic VOC emissions estimates are based 
on the work of Guenther et al. (1991, 1993, 1994, 1995, 1996a,b, 1999, 2000).  Current 
biogenic NO emissions estimates are based on the work of Williams et al. (1992) though 
there has been work in California which suggests that the Williams et al. (1992) findings 
substantially overestimate biogenic NO emissions for some biomes (Matson et al. 1994).  
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Finally, a study funded by EPRI that includes a comprehensive review of methods to 
estimates biogenic emissions and their attendant uncertainties will also be reviewed for 
use in the proposed study (EPRI 2002). 
 
2.6 Motor Vehicle Model 
 
On-road emissions are typically estimated as the product of an emission factor (generally 
expressed in grams/mile) and an activity indicator (expressed as vehicle miles traveled or 
VMT.)  Various emission modes exist (depending upon the pollutant) including exhaust, 
evaporative, tire wear, brake wear and re-entrained road dust.  Exhaust emissions can be 
further subcategorized as start or hot-running emissions.  Similarly, evaporative 
hydrocarbon emissions arise from hotsoak, diurnal, running loss, resting loss, and 
crankcase processes.  Note that for some of these modes, the emissions are more directly 
related to the number of vehicles rather than VMT since the emissions occur while the 
vehicles are at rest (e.g. diurnal emissions.)  Thus the accuracy associated with using 
VMT as the activity indicator rests upon implicit assumptions regarding daily travel per 
vehicle as well as the hourly distribution of this activity. 
 
VMT data are often available either through the Federal Highway Administration’s 
Highway Performance Monitoring System (HPMS) or as output from locally 
administered travel demand modeling (TDM).  HPMS data is less detailed and typically 
classify VMT into twelve categories (two area types with six road types each), each with 
a daily average speed.  (Sometimes speeds are available by vehicle class as well.)  On the 
other hand, data from TDMs are not only spatially detailed, they contain a range of 
speeds as well.  For a given region, the two sources of VMT estimates do not necessarily 
agree and thus reconciliation is often necessary.  As far as emissions estimation is 
concerned, the type of data available also dictates the approach needed. 
 
MOBILE6.2 is currently the EPA accepted on-road mobile source emission factors 
model.  It facilitates the estimation of emission factors under a range of ambient 
conditions, fuel specification and other in-use controls, and a range of operational 
parameters.  As such, it can accommodate both HPMS and TDM VMT data.  However, 
the amount of effort required to use TDM data can be quite cumbersome.  Since this type 
of data cover a range of discrete speeds and because episodic inventories entail hourly 
temperature and humidity values, MOBILE6 must be executed for every expected 
combination of speed, temperature and humidity.  Furthermore, to model emission factors 
at a single temperature, the daily minimum and maximum (or hourly) temperature inputs 
must be set equal.  Doing so, however, also effectively sets diurnal emissions to zero.  
Thus, these emissions require a separate calculation procedure whenever TDM-based 
VMT is used. 
 
Given the above issues as background, the on-road model of OPEM will primarily be 
structured as follows.  One of its core design specifications is the incorporation of the 
MOBILE6 model (version 6.2 is the most recent), with the capacity to simultaneously 
model user-supplied inputs such as fleet mix, age distribution, number of daily starts, etc. 
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for specific counties, roadway types, and vehicle class.  These inputs will be expected in 
RPO data exchange protocol format.  Depending on the type of VMT data being 
supplied, MOBILE6.2 will be executed for a range of speeds, temperatures, and humidity 
values (for TDM data) or for a set number of road type/speed combinations 
representative of the HPMS data.  For the TDM-based diurnal emissions and all modes in 
the HPMS case, hourly temperature and humidity data will be expected.   
 
Quite often, an inventory will cover a region containing many counties, each with 
county-level HPMS VMT.  To reduce the number of MOBILE6 runs, an option will be 
available to group counties based upon similar climactic, fuel, and in-use controls.  A 
cross-reference table will then assign emission factors to specific counties.  HPMS-based 
emissions are relatively straightforward to estimate once appropriate emission factors are 
identified.  Temporal allocation is implemented using hourly activity profiles while 
spatial allocation will make use of appropriate surrogates similar to those used for 
allocation of area source categories. 
 
For counties with link-level activity, we propose to incorporate a tool internally 
developed by ENVIRON to calculate emissions by link.  This tool, referred to as 
M6LINC, was developed using mySQL (another public-domain SQL database, easily 
replaced with PostgreSQL) and has been successfully applied to develop photochemical 
modeling inventories for Oklahoma and Colorado.  Because of its built-in flexibility, it 
enables the user to estimate emissions for each link by pollutant, emission mode, vehicle 
class, and hour.  For most TDM data, which only provide daily average speed and total 
daily volume for each link, M6LINC takes into account the link-specific speeds and 
applies roadway-specific daily average fleet mixes.  If hourly link data are available, the 
model can be easily modified to apply hour- and roadway type-specific fleet mixes.   
 
Non-start emissions are distributed by hour using hourly activity profiles by road type.  
Start emissions are estimated in M6LINC using the following procedure in order to retain 
the proper start distribution and the hourly effects of temperature while still using VMT 
as the basis for activity.  MOBILE6 start emission factors corresponding to a particular 
hour (i.e. temperature) are first combined with the link-specific VMT apportioned for that 
hour.  The resulting hourly emissions are then summed for the entire day and 
redistributed based upon the starts distribution, which varies by day type (i.e. weekday, 
weekend).  Note that the start distribution input into MOBILE6 should be the same as 
that used to redistribute the start emissions. 
 
Spatial allocation will make use of the end node coordinates associated with each link.  
These will be used to determine the fraction of the total link length (and thus emissions) 
lying within particular grid cells.  The approach used will be similar to that of the LBASE 
module within EPS2.  Temporal allocation has already taken place during the emissions 
calculations. 
 
2.6.1 – Interpretation of TDM outputs 
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The aim of this task is to simplify the execution of the OPEM mobile source model with 
regards to the use of link-based data by providing a means to read and reformat urban 
travel demand model (TDM) direct outputs to RPO data exchange protocol file formats 
(hereafter referred to as RPO formats).  According to the RFP, this translation capability 
should cover at least the following TDMs: UTPS, TP+, Viper, EMME/2, and 
TRANPLAN.  To better grasp the requirements of this task, both the affected 
components of the RPO formats and the structure and types of information available from 
the TDM outputs should be well understood.  Ultimately, the essential data needed to 
estimate emissions and spatially allocate them are link coordinates, speed, and traffic 
volume. 
 
The mobile-related components of the RPO protocol include the transmittal information, 
network information, attribute table, attribute information, county cross-reference and the 
links coordinates.  Of these, the network information, attribute information and links 
coordinates should be constructed using data extracted from the TDM outputs.  The 
attribute table and some fields in the transmittal records are dictated by the type of 
information contained in those outputs.  The other types of data are not directly related to 
the TDM data.  The manner in which the required data can be extracted from the outputs 
depends upon the particular TDM and is the topic of the next discussion. 
 
Most TDMs are not a single program but rather a collection of different tools.  They are 
typically modular in structure and are designed to be flexible.  In many cases, not all 
modules are required for a particular transportation modeling effort.  However, in general 
TDMs include four basic functions: 

• Generation of trips based upon the socio-economic characteristics of traffic 
analysis zones (TAZs) 

• Distribution of these trips according to origin and destination zones 
• Estimation of the distribution of trips by mode (e.g. autos vs. transit) 
• Assignment of trips to the transportation network 

 
Because the basic unit for trip generation analysis is the TAZ, two kinds of trips are 
possible: intrazonal and interzonal.  The activity associated with these is reported slightly 
differently and can affect the way the associated emissions are spatially allocated.  
Frequently, intrazonal trips are reported on a link with the from- and to- nodes both being 
the centroid of the TAZ.  The number of intrazonal trips can also be reported by TAZ.  
Interzonal trips are assigned to links (they can also be reported by origin/destination 
zones but this information tends to not be useful for emissions estimation purposes).  The 
final type of data is trip-ends.  Given trips, VMT (i.e. trips on links with non-zero length), 
and trip-ends, there are several possible approaches to emissions estimation.  That is, 
while MOBILE6 yields g/mi emission factors, g/trip or g/hour emission factors can be 
derived from the extensive database output and used to estimate non-travel-related 
emission modes such as hotsoak and diurnal. 
 
 
2.7 Spatial Allocation  
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The current emissions modeling systems that are in use today, SMOKE, EMS-95, and 
EMS-2003, utilize in some form the ARC/Info GIS to process spatially resolved data, 
such as population and roadways, for use in allocating emissions to the grid cells of the 
air quality modeling domain.  Given that ARC/Info is a closed, proprietary, and 
expensive piece of software, the project sponsors desire to move away from its use.  
Further, given that by their very nature other commercial GIS packages, such as ATLAS 
and MapINFO, are closed and proprietary, the project sponsors also desire to steer clear 
of their use in the new emissions modeling system.  The ideal end-point for this task is to 
completely divest the new emissions modeling system of the need to use any closed, 
proprietary, and fee-based GIS.  Indeed, integration of a suite of shareware/software tools 
that operates under the GNU public license, which can accommodate the needs of the 
proposed emissions modeling system, is the goal of the project sponsors. 
 
In order to accomplish this goal, it is necessary to understand what GIS needs are 
required of the new emissions modeling system.  We believe that there are five 
fundamental GIS-based needs of the new emissions modeling system:  (1) GIS tools to 
perform a computational intersection of point, arc, or polygon structures within a polygon 
structure; (2) GIS tools to perform a computational intersection of point or arc structures 
along an arc structure; (3) GIS tools to create arbitrary emissions modeling grid 
structures; (4) GIS tools to manage and display underlying maps and spatial attributes; 
and (5) GIS tools to covert among various map projections.  These basic functions cover 
the spatial allocation needs of the new emissions modeling system including, but not 
limited to, (1) create and manage area source spatial surrogates that are used to allocate 
area source emissions to grid cells; (2) create and manage biogenic-related spatial data; 
(3) create and manage point source related data; (4) create and manage roadway 
information; (5) create and manage arbitrary emissions modeling grid structures; and (6) 
manage and manipulate the spatial data and map coverages among various map 
projections. 
 
Our research indicates that numerous tools exist to provide this functionality, but in many 
cases, the tools are subject to some sort of restrictive license, are fee-based, or are not 
open software.  The only comprehensive GIS tool that we have found to satisfy all the 
needs of the project is the Geographic Resources Analysis Support System (GRASS 
[grass.itc.it/index.html]).  GRASS is an open source GIS that is released under the GNU 
public license, operates on a wide variety of platforms (including Linux-based systems), 
is freeware, and uses the PostgreSQL database (with the need for use of PostGIS and 
PostGRASS [postgis.refractions.net/support.php] which are also GNU publicly licensed 
software system).  Further, GRASS provides an number of utilities to read ARC-related 
data, which will likely be necessary for the proposed system as most spatial data that are 
in use in currently emissions modeling efforts are in some form of ARC structure.  There 
are perhaps two drawbacks to the use of GRASS that must be explored before 
proceeding.  One, as an integrated GIS, it may be difficult to use only selected routines in 
GRASS without first passing through the GRASS user interface.  And two, GRASS, like 
ARC/Info, is a very large system.  Given that we need only a limited subset of the 
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functions in GRASS, if it is used, there will be a need to carry much of the additional 
GRASS software as part of the new emissions modeling system.  Given that, however, 
the project team believes that GRASS is a suitable alternative to ARC/Info for spatial 
allocation functions in the new emissions modeling system. 
 
Though we have proposed the GRASS GIS as the initial alternative for use as the spatial 
analysis tool in the new emissions modeling system, we intend to explore other potential 
software options.  For example, the Free GIS Project (freegis.org) maintains information 
on many forms of open GIS among which includes the Cartographic Projections Library 
PROJ.4 (www.remotesensing.org/proj/), the Geometry Open Source (GEOS) library 
(geos.refractions.net), MAPSERVER (mapserver.gis.umn.edu), and tools to read and 
write ARC coverages.  PROJ.4 provides a suite of freeware tools to convert among 
various map projections. GEOS is an open source library of tools to perform GIS 
functions such as arbitrary polygon and line-in-polygon intersections.  MAPSEVER is an 
open source library that can be used to provide internet-based mapping functions.  The 
open source systems GEOS, PROJ.4, and MAPSERVER all have the added functionality 
of being able to seamlessly integrate with the PostgreSQL relational database 
management system.   Freeware software available from researchers at Rensselaer 
Polytechnic Institute has the capability to intersect arbitrary polygons 
(www.ecse.rpi.edu/Homepages/wrf/sw.html), as does publicly available software from 
Alan Murta (www.cs.man.ac.uk/aig/staff/alan/software//).  However, piecing together 
such disparate pieces of software may prove difficult though the resulting system 
potentially would be much more tightly integrated with the new emissions modeling 
system than would use something like GRASS. 
 
2.8 Growth and Control  
 
The application of growth and control factors to the area and point portions of the 
modeling inventory is an essential component of a useful emissions modeling tool.  
Traditionally biogenics are not projected into future years, and at this time we do not 
anticipate including them in the growth and control model application.  Altering the 
control assumptions to the Motor Vehicle portions of the inventory requires the re-
application of the MOBILE6 model, and will be handled independently from the Growth 
and Controls model.   For the processing of area and point sources, the model must have 
the capability of applying one or more growth scenarios, and the overlaying one or more 
control scenarios.  The model will need the capability of applying the growth and control 
factors in a hierarchical fashion, from a general, state specific factor, to one specific to a 
particular facility/SCC/pollutant combination.  In the case of point sources, the model 
must be able to determine if there are existing controls on a source, and if necessary, 
recalculate the emissions estimate using the new control basis.   
 
2.8.1 Cost Analysis of Control Strategies  
 
The modeling system should include additional tools in the growth and control model to 
calculate costs for control strategies and report those costs for point and area sources. The 
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cost estimates should be based on user inputs, such as cost per emission unit and cost per 
ton values. The model should have a wide variety of reports showing costs by state, 
strategy, scenario, and year. 
 
The goal of this task is to provide a module which will allow the user to include 
additional cost information to a set of strategies modeled using the OPEM growth and 
control model. For this module to be effective in the purpose it was designed, control 
strategy cost data must be assigned based on the reductions applied in the control model 
or be logical enough to pick the strategy that closest represents the applied reduction. The 
module should also be flexible enough to allow controls to be applied to individual 
sources or sources grouped by common elements (e.g., location, SCC) and reported in the 
same fashion. 
 
We propose to design a module and associated files that apply costs for assigned control 
technologies and that utilizes the RPO data exchange format from the growth and control 
factor protocol. As designed, there currently exist three unused element fields in the RPO 
growth and control table that could be populated with cost per emission unit or capital 
and operating and maintenance (O&M) multipliers or with primary keys which would 
associate the source with a cost algorithm and factors. These costs could easily be 
designed to represent default values or modified to reflect local specific data or year of 
application assignment and be tied to parameters provided in other RPO exchange format 
data (e.g., boiler capacity, existing control devices, utilization rates, etc.) 
 
Using the existing format of the RPO records and the planned output of the QA and 
reporting package, the requirements of this optional task could then easily be 
implemented either during the development of the OPEM or at a stage later in the 
process. The only additional requirement would be the inclusion of assigned cost, either 
in total, capital, or O&M combinations. The state, strategy, scenario, and year 
aggregation will have already been implemented with the base model reporting 
requirements. 
 
The initial cost per emission unit (or emission reduction) and capital and O&M 
multipliers can be obtained through various Federal, State, and industry reports on 
available control technologies and strategies. In addition to the Air Pollution Control Cost 
Manuals, Alternative Control Techniques (ACT) and Control Technique Documents 
(CTG) published by EPA containing various control strategies and associated cost 
parameters, EPA has funded the development of the ControlNET database which 
contains a collection of control measures and cost information for reducing the emissions 
of criteria-type pollutants (e.g., NOx, SO2, CO, VOC, PM10, PM2.5, and NH3) from point, 
area, and mobile sources. Utilizing these data, the OPEM user could modify, assign, and 
report out the associated emission reduction and costs from a chosen scenario or set of 
controls. 
 
As the basic modeling objective for the cost module will be to provide quick turnaround 
fiscal analysis to the OPEM user, the module will be designed to work without the need 



 
Sept 2003 

 
 

 

19 

to run the temporal, spatial, or speciation models of the OPEM. This will allow the 
maximum number of runs to define a cost-effective strategy before the more time 
consuming emissions processing commences. Additionally, with creative processing of 
multiple strategies or through additional code modification, the module could be adapted 
to assess the incremental costs and emissions reductions to determine a least-cost 
approach to meeting an emission reduction target or emission cap. 
  
 
2.9 QA and Reporting Package  
 
The success of an emissions model depends on the ability of the user to evaluate and 
interpret the emissions data along all phases of the modeling process.   A fast, 
sophisticated modeling system is not useful if it does not allow the user to examine 
details of each dataset, for example the temporal distribution of a particular point source 
facility.   Essential components of the emissions modeling system QA and Reporting 
package are the ability to:  
 

Detect and evaluate errors in the input data;  
Review results of emissions calculations;  
Evaluate applicability of cross-reference and lookup data; and 
Review and analyze final emissions calculations. 

 
Each model will include a set of standard QA reports that alert the user to anomalies is 
the data and data processing.  The current modeling systems often produce cryptic error 
reports, or generate such large reports that analysis is difficult or impossible.  Ideally, the 
standard reports will list the error, suggest solution, and give the user an approximate idea 
of the extent of the error.   Using the Tier 1-4 analysis criteria as found in EMS2003 
allows the user to assess the severity of the data analysis issues.  This Tier reporting 
systems will be expanded to cover lookup and cross-reference tables, so that the user is 
aware when the modeling system substitutes default or missing data due to a mismatch in 
the lookup criteria.  In addition, the QA reports should contain an approximation of the 
total emissions affected by the error, so the user can prioritize the data improvement and 
correction effort. 
                 
Along with the QA reports, the user should have the option of producing standard 
summary reports over a variety of selection criteria, for example totals by state, by state 
and county, by state, county, and facility, etc.  The system will also maintain a selection 
of standard queries that allow the user to view the contents of data and lookup tables 
throughout the modeling process. 
            
In addition to standard reporting, the careful design and implementation of the SQL 
database will allow users with some knowledge of SQL to access the emissions data and 
run their own customized reports.  Careful evaluation of the intermediate data processing 
will be required to determine the formats and storage requirement for the intermediate 
datasets.   
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2.10  Incorporation of NONROAD 
 
In this section, we propose a way to incorporate the US EPA NONROAD model into the 
OPEM and discuss issues related to desired outputs.  The NONROAD model (current 
publicly released version is 2002a) is the US EPA’s tool to estimate emissions from off-
road equipment of all types except for commercial marine, aircraft, and locomotives.  It 
contains sufficient default population, activity, and emission factor data to estimate 
emissions by equipment, by technology and horsepower range, and by county.  However, 
the user is encouraged to input more locality-specific data through external input data 
files.  Furthermore, the model allows emissions estimation at sub-county levels, provided 
that input data are available at those levels. 
 
The core NONROAD model is FORTRAN-based and can be incorporated similarly to 
the MOBILE6 model (see Section 2.6).  Scenario-specific inputs such as fuel 
specifications, temperatures, and day type as well as the names of external input data files 
can be passed to the core NONROAD model via OPEM.  The detailed outputs will be 
stored in SQL database format.  Specialized formats, such as NIF, will still be available. 
 
With regards to the type of information desired in the output, the RFP states "The model 
should be programmed to report significant information about vehicle populations, fuel 
use, and activity factors."  The detailed ASCII output (both fleet average and by-model-
year) from the core NONROAD model already includes population (equipment counts) 
and activity, but it does not include load factors or emission factors.  The by-model-year 
output reports individual technology within a model year and thus is the most appropriate 
format to which load and emission factors can be appended.  However, these files can be 
very large and cumbersome and can significantly slow down the processing.  The fleet 
average outputs are more manageable.  However, it should be noted that there are 
different technology types and equipment ages represented by the emission factors for 
each equipment type/horsepower grouping reported so only composites/averages are 
available in these outputs.  In either case, the input files containing emission and load 
factors information must be carried along for each run. 
 
If any changes to model output are to be made, it would require changing the 
NONROAD core model.  Then the resulting output would likely be incompatible with the 
current reporting utility.  The project team contacted OTAQ NONROAD modeling staff 
regarding these issues and was told that if we made any changes to the core model that 
are reasonable and do not slow the model down (a big concern of theirs), then they would 
consider making these changes to the public version of the model.  This is important in 
that future updates to the NONROAD model will be compatible with OPEM. 
 
The RFP also asks for NIF3 as the native format for point and area sources.  NONROAD 
currently outputs NIF2 format; we recommend that this task would update NONROAD to 
NIF3 as well. 
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2.11 NONROAD Model Modifications  
 
The purpose of this task is to add ammonia emissions estimates to the NONROAD model 
output, and to modify the model so that additional information is included in r\the core 
model output and in the NIF3 output from the model.  All three components to the model 
will be modified:  the Fortran core model, the Visual Basic graphical user interface 
(GUI), and the ACCESS Reporting Utility.  The specific changes to be made to the 
model are described below. 
 
Addition of ammonia emissions:  A new ammonia emission factors file will be added, 
and numerous additional coding changes will be made to the core model for adding a new 
pollutant.  The graphical user interface (GUI) will modified to allow the user to substitute 
a different ammonia emission factors file (under the Advanced Options menu), as is now 
done for all other pollutants.  Ammonia emissions will be added to all appropriate 
Reporting Utility reports. 
 
Addition of load factors, and possibly emission factors, to the core model ASCII output, 
and to NIF3 output:  The detailed ASCII output from the NONROAD core model 
currently includes population and activity (hours) by SCC and horsepower group, but it 
does not include load factors or emission factors.   Load factors are by SCC/hp and don't 
vary over time, but emission factors do, as new technologies are introduced.  Emission 
factors, whether output from the core model or calculated in the Reporting Utility, will 
therefore be a composite emission factor, simply calculated for each SCC/hp combination 
from the emissions, population, activity, and load factor as grams/hour.  Alternatively, 
these composite emission factors could be calculated in the Reporting Utility.  Hours, 
load factor, and emission factor will be added to the Reporting Utility report “Population 
and Fuel Consumption by HP and Source Classification.”  Activity, load factors, and 
emission factors will also be added to the NIF3 output from the Reporting Utility; since 
new fields cannot be added, existing fields not normally used for nonroad equipment will 
be used to house this information in the NIF3 output. 
 
All work will be quality assured by technical staff who were not involved in the coding 
changes.  In addition, the User’s Manual will be updated to reflect all of the model 
modifications. 
 
There are a number of technical issues that will need to be resolved.  Conversations have 
been held among LADCO, ENVIRON, and NONROAD model staff at EPA’s Office of 
Transportation and Air Quality (OTAQ), and at least for now OTAQ has agreed to work 
with us on the model modification and resolution of the following issues: 
• OTAQ (with assistance from ENVIRON) is currently making changes to the 

NONROAD core Fortran model.  We want to avoid having multiple different 
versions of the NONROAD core model, if at all possible.  We will wait to modify the 
model at least until OTAQ has completed the “lockdown” version of the model to be 
used in the final rulemaking for Tier 4 nonroad equipment.  We will discuss with both 
LADCO and OTAQ which version of the model should be the starting point for this 
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work.  We have assumed in the cost estimates for this work that only one version of 
the model will be modified. 

• Ammonia emissions estimates for nonroad equipment are virtually nonexistent.  
Emission factors will be estimated from those used for on-road equipment, using the 
appropriate engine types (diesel, non-catalyst gasoline, and catalyst gasoline) 

• The Reporting Utility is currently written in ACCESS 2.0.  ENVIRON and EPA 
OTAQ have agreed that any further work on the Reporting Utility should include 
upgrading to either ACCESS 97 or ACCESS 2000.  ENVIRON’s NONROAD-AT, 
developed for the Texas Commission on Environmental Quality (TCEQ), is written in 
ACCESS 2000 and includes an additional report, hourly emissions by source 
classification code (SCC).  This report could be easily included if ACCESS 2000 is 
the selected software. 

 
Deliverables for this task will be as follows: 
 
1. Technical workplan – will describe in detail all changes to be made to all 

components of the model.  This workplan will be drafted by ENVIRON with input 
and review from both OTAQ and LADCO.   

2. Modified core model, GUI, and Reporting Utility code. 
3. Updated User’s Manual that reflects all modifications made. 
 
2.12 Training  
 
The study team has extensive experience in the development and presentation of training 
classes related to environmental modeling.  The proposal requests a five- day training 
session, and we would suggest this sample course outline: 
 
 
Day 1: Overview of emissions modeling 
 •  SQL for emissions modelers 
 •  LINUX for emissions modelers 
 •  System Requirements 
 •  System Installation 
Day 2: Area Source Processing 

•  Temporal Allocation – application, defaults and project specific 
 •  Overview of spatial allocation 
 •  Evaluation and QA of results and reports 
 Biogenics Processing 
 •  Input data requirements 
 •  Evaluation and QA of results and reports 
Day 3: Point Source Processing 
 •  Day-specific and CEM issues   
 •  Stack parameter and QA issues 
 •  Evaluation and QA of results and reports 
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 Growth and Control for Area and Point Sources 
•  Application criteria 

Day 4: Motor Vehicle Modeling 
 •  Review of data inputs and requirements 
 •  MOBILE6 emission factor development 
 •  Spatial allocation of MV sources 
 •  Link based Inventories 
 •  Using TDM data 
Day 5: Setting up your own project 
 •  Building the grid  

•  Developing surrogates using Spatial Allocation model 
 •  Obtaining the foundation data 
 •  Customizing lookup and cross-reference data 
 
 
3. SCHEDULE AND DELIVERABLES 
 
This section presents the proposed work schedule for the required elements of the OPEM 
project.  Scheduling of optional tasks would depend on the selection of tasks to be 
completed.  Training may be scheduled any time after completion of the Motor Vehicle 
Model on January 1, 2005. 
 
Major Deliverables: 
 Work Plan  - October 15, 2003 
 Area Source Model   - April 1, 2004 
 Speciation Model - May 1, 2004 

Growth and Control - June 1, 2004 
Point Source Model - June 1, 2004 

 Biogenic Model - September 1, 2004 
 Motor Vehicle Model - January 1, 2005 
 NONROAD Model -  undetermined 
  
These deliverable dates assume a start date of October 1, 2003.  The schedule for Tasks 
9A and 9B, NONROAD incorporation and NONROAD enhancements are dependant on 
the response and support from OTAQ. 
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PROPOSED SCHEDULE - OPEM Emissions Model Development 

                                     2003                                                       2004                                                                            2005 
Task Oct No

v 
De
c 

Jan Fe
b 

Ma
r 

Ap
r 

May Jun Jul Au Sep Oct No
v 

De
c 

Jan 
Work Plan  

 
    

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 1. Area   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
     Design                 

     Implement                 

     Testing                  

     Document                 

2. Point                 

     Design                 

     Implement                 

     Testing                  

     Document                 

3. Speciation  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     Design                 

     Implement                 

     Testing                  

     Document                 

4.  Biogenic   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     Design                 

     Implement                 

     Testing                  

     Document                 

5, 5AMotor V   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     Design                 

     Implement                 

     Testing                  

     Document                 

6. Spatial   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     Design                 

     Implement                 

     Testing                  

    Document                 

7.,7A GrwCtrl  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     Design                 

     Implement                 

     Testing                  

     Document                 

8. QA/Report  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     Design                 

     Implement                 

     Testing                  

     Document                 

 
 
 



 
Sept 2003 

 
 

 

25 

4. BUDGETS AND STAFF RESPONSIBILITIES  
 
 
4.1 Project Budget Costs – Required Elements 
4.2 Project Budget Estimated Hours – Required Elements 
 
4.4 Staff Responsibilities 
 
Table 4.4 lists the staff allocations and distribution of technical responsibilities.  Key staff 
are identified as Ms Cyndi Loomis and Mr. Jim Wilkinson, AG; Dr. Gerard Mansell, Ms 
Alison Pollack, Mr. Gary Wilson and Mr. John Haasbeek, ENVIRON; and Dr Zion 
Wang, ISSRC.   These key personnel have been assigned primary design responsibilities, 
as detailed in Table 4.4.  The companies and individuals on this project team have all 
identified the OPEM model development project as high priority, and are committed to 
completing this project.   
 
Currently, we have identified five experienced staff members for program coding and 
implementation, but additional staff is available if required.  
 
Table 4.4 Staff Allocation by Task 
 

Scientist Firm Assignment Technical Responsibility 
Ms. Cyndi  Loomis  AG Project Manager, System 

Design 
Project Management, Overall System Design 
Quality Assurance and Testing.  

Mr. Jim Wilkinson AG System Design Biogenics and Spatial Allocation Design/code  
Mr. Greg Stella AG System Design Growth and Control Design, Testing 
Ms. Andra McNally AG Implementation Implementation of Reporting/ QA/ G&C 
Dr. Gerard Mansell ENVIRON System Design Design of Mobile Sources 
Mr. John Haasbeek ENVIRON System Design Overall System Design and Database Design 
Mr. Gary Wilson ENVIRON System Design Design of Mobile Sources 
Ms. Alison Pollack ENVIRON System Design Design of Mobile and NONROAD Sources 
Mr. Gary Wilson ENVIRON System Design Design of Mobile and NONROAD Sources 
Mr. Cuong Tran ENVIRON Implementation Implementation of Mobile Sources 
Dr. Zion Wang ISSRC System Design Area, Point, Speciation Design 
Mr. Bo Wang ISSRC Implementation Area, Point, Speciation Implementation 
Mr. Glen Kaukola ISSRC Implementation Area, Point, Speciation Implementation 
Mr. Frank Meng ISSRC Implementation Area, Point, Speciation Implementation 

 
 
Table 4.5- 4.8 detail the assigned hours for the key staff members.  All of the task design 
activities are assigned to key staff.  In most cases the implementation and documentation 
phases will be undertaken by a coding staff member who will be assigned at the time, 
based on required skill level and availability.  Key staff will work in conjunction with the 
coding staff to perform the testing and review phase of the development.  
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Table 4.5 Hourly Allocation of Key Staff –Design Phase 
Table 4.6 Hourly Allocation of Staff –Implementation Phase 
Table 4.7 Hourly Allocation of Staff – Documentation Phase 
Table 4.5 Hourly Allocation of Key Staff – Testing Phase 
 
5. COMPUTATIONAL RESOURCES 
 
Because emissions modeling is computationally expensive, input/output intensive and 
requires large disk storage resources, state of the art computational resources are required 
for the successful completion of this project. The Alpine Geophysics, ENVIRON and 
UCR/ISSRC team members each have extensive computing facilities that include all 
widely use computing platforms including SUN, SGI, DEC/Alpha, PC/Windows and 
PC/Linux workstations. PC systems available include Intel Pentium and Xeon CPUs and 
AMD Athlon and the 64 bit Opteron CPUs. Versions of Linux that are currently being 
used include Redhat versions 7 through 9 and a 64 bit version of Suse Linux. The 
availability of a wide variety of platforms ensures that the new emissions model can be 
tested, debugged and installed on a wide variety of machines and operating systems. The 
team members also have a variety of disk storage systems available including both IDE 
and SCSI RAID0 and RAID5 systems. The use of RAID5 systems provides data security, 
and the availability of a variety of disk systems will allow the study team to test and 
optimize the model performance for a variety of disk configurations. Team members 
use Gbit ethernet and 100-BaseT ethernet and can benchmark and optimize model 
performance for each network type. Team members will exchange source code and test 
case data using portable firewire hard drives. Model source code will be backed up to 
DLT and 8 mm tape drives, and each team member will maintain a copy of the model 
source codes thereby providing additional data security. Team members have extensive 
experience with parallelizing source code will investigate possibilities for improving 
model performance by using multiple CPUs. 
 
 
 
 
 


