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Preamble 
This report is intended to document committee work completed by the Ozone Transport Commission 
(OTC) and the Mid-Atlantic Northeastern Visibility Union (MANE-VU) using a photochemical modeling 
platform based on the year 2011. The modeling exercises documented within demonstrate acceptable 
performance of the platform as required for State Implementation Plans (SIPs), specifically attainment 
demonstrations owed by New Jersey, New York and Connecticut for the 2008 Ozone National Ambient 
Air Quality Standard (NAAQS) and the 2028 Regional Haze SIPs. Documented exercises are committee 
products and are primarily base case runs, with the exception of the MANE-VU control case representing 
the MANE-±¦ ά!ǎƪΦέ ¦ƴƭŜǎǎ ƻǘƘŜǊǿƛǎŜ ƛƴŘƛŎŀǘŜŘΣ ƳƻŘŜƭƛƴƎ ŜȄŜǊŎƛǎŜǎ ǊŜƭȅ ƻƴ ƎŜƴŜǊally accepted 
conservative assumptions regarding emissions inventories and ozone photochemistry.   

This document does not contain every modeling exercise completed by the OTC, MANE-VU, and 
member states using the OTC/MANE-VU 2011 based modeling platform. Some exploratory screening 
analyses, modeling performed outside of committee efforts, and work performed in Maryland using a 
άōŜǎǘ ǎŎƛŜƴŎŜέ ǇƭŀǘŦƻǊƳ ŀǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘŀǘƛƻƴΦ aŜƳōŜǊ ǎǘŀǘŜǎ ǇŜǊŦƻǊƳƛƴƎ ŀŘŘƛǘƛƻƴŀƭ 
SIP relevant modeling intend to document those efforts in their individual SIP supporting 
documentation.  

This document will be updated as needed to support state SIP submittals in the future.
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Section 1. Introduction 

Purpose 
The purpose of this report is to technically document the SIP quality modeling efforts undertaken by 
OTC and MANE-VU for use in regional ozone and haze planning and ŦƻǊ ƛƴŎƭǳǎƛƻƴ ƛƴ ŀƴȅ ƳŜƳōŜǊΩǎ {Lt 
submittal for either demonstrating ozone attainment or for showing reasonable further progress for 
haze. 

EPAΩǎ ƎǳƛŘŀƴŎŜ ƻƴ ƳƻŘŜƭƛƴƎ ŦƻǊ ƻȊƻƴŜΣ ta2.5, and regional haze includes recommendations for 
documentation of the modeling platform that should be included in SIP submissions. EPA recommends 
that the following be included in the technical documentation: 

ω Overview of the air quality issue being considered including historical background  
ω List of the planned participants in the analysis and their expected roles 
ω Schedule for completion of key steps in the analysis and final documentation 
ω Description of the conceptual model for the area 
ω Description of periods to be modeled, how they comport with the conceptual model, and why 

they are sufficient 
ω Models to be used in the demonstration and why they are appropriate 
ω Description of model inputs and their expected sources (e.g., emissions, met, etc.) 
ω Description of the domain to be modeled (expanse and resolution) 
ω Process for evaluating base year model performance (meteorology, emissions, and air quality) 

and demonstrating that the model is an appropriate tool for the intended use 
ω Description of the future years to be modeled and how projection inputs will be prepared 
ω Description of the attainment test procedures and (if known) planned weight of evidence 
ω Expected diagnostic or supplemental analyses needed to develop weight of evidence analyses 
ω Commitment to specific deliverables fully documenting the completed analysis (US EPA 2014a). 

Document Outline 
The remainder of this section will review the items listed above that are not addressed in other sections 
of the document.   

¶ Section 2 is an assessment of the meteorological model used in the platform in order to 
determine if many of the mechanisms for predicting ozone formation and regional haze are 
fundamentally sound.   

¶ Section 3 assesses whether an upgrade to a more recent biogenic emissions model is warranted.   

¶ Section 4 describes the methods used in processing emissions for use in the SIP quality modeling 
platform for the base year.   

¶ Section 5 describes the setup of the photochemical model.   

¶ Section 6 assesses the model performance for ozone, PM2.5, and regional haze in the base year.  

¶ Section 7 describes a methodology for improving performance using nested gridding and 
analyzed the results from implementing the methodology.   

¶ Section 8 describes the methods used in processing emissions for use in the SIP quality modeling 
platform for the future years.   

¶ Section 9 describes the development of the emissions inventory for the MANE-VU Regional Haze 
control case. 
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¶ Section 10 describes the method for calculating future projected ozone design values and 
instances where the default method may not be warranted.   

¶ Section 11 describes the results from future year ozone modeling projections that relied on 
CMAQ.    

¶ Section 12 describes the results from future year visibility modeling projections. 

¶ Section 13 describes the results from future year ozone modeling projections that relied on 
CAMx and includes discussion of source apportionment.     

¶ Section 14 describes the methodology for conducting screening analysis using only ozone 
episodes, and evidence for its reasonability.   

History 

Clean Air Act 

The Clean Air Act was designed to control air pollution in the United States, is administered by the EPA, 
and its implementing regulations are codified at 40 C.F.R. Subchapter C, Parts 50-97. 

The history of national air pollution legislation began with the 1955 Air Pollution Control Act, but the 
first piece of legislation to control air pollution was the Clean Air Act of 1963. The Air Quality Act of 1967 
continued the processes of developing legislation to reduce air pollution, but it was in 1970 that the 
Clean Air Act in its modern form was adopted. Amendments were added in 1977 and 1990, which 
further expanded the control of emissions.  

One of the programs to come out of the 1970 Clean Air Act Amendments was the creation of NAAQS , 
thresholds of air pollution considered to be the upper limit of healthy air that are based on the best 
scientific evidence available that must be met nationally (Clean Air Act Amendments of 1970).  NAAQS 
were developed for several pollutants, including ground-level ozone. 

The 1970 Clean Air Act also introduced the SIP, which is intended to demonstrate how an area that is 
not complying with the NAAQS will meet that standard through state programs that become federally 
enforceable following approval of the SIP.  The 1990 amendments expanded the requirements for SIPs, 
in particular in regards to ground-level ozone (Clean Air Act Amendments of 1990). 

The 1977 amendments saw the introduction of provisions to reduce visibility impairment at areas 
ǘŜǊƳŜŘ ά/ƭŀǎǎ Lέ ŀǊŜŀǎΣ ǿƘƛŎƘ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘ ƴŀǘƛƻƴŀƭ ǇŀǊƪǎ ŀƴŘ ƻǘƘŜǊ ƴŀǘǳǊŀƭ ŀǊŜŀǎ (Clean Air Act 
Amendments of 1977).  This program was further strengthened in 1990 setting requirements for 
regional haze SIPs, including the setting of RPGs.   

The following is an overview of some of the more recent NAAQS that are applicable to this document, as 
well as an overview of the regional haze program. 

1997 8-hour Ozone NAAQS 

In 1997 the primary and secondary NAAQS were set to 0.08 ppm for the three year average of the 4th 
highest 8-hour average ozone concentration, which due to rounding conventions is equivalent to 84 ppb 
(US EPA 1997).  This standard was revoked as of April 6, 2015 and will no longer be considered in this 
document (US EPA 2015a). 
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2008 8-hour Ozone NAAQS 

In 2008 the primary and secondary NAAQS were set to 0.075 ppm for the three year average of the 4th 
highest 8-hour average ozone concentration, which is equivalent to 75 ppb (US EPA 2008).  After some 
delays in timeframes outlined in the Clean Air Act, areas were designated for the 2008 NAAQS as seen in 
Figure 1-1 and Table 1-1 (US EPA 2012).   

Following the designation of an area as nonattainment for a criteria pollutant, the Clean Air Act requires 
submission of a SIP to demonstrate how that area will meet the pollutant standard (NAAQS) in the time 
period established by the Act. Areas designated as marginal require no air quality modeling (US EPA 
2015a).  One nonattainment area, Baltimore, MD, was designated moderate, and was expected to 
require the submission of an attainment demonstration using photochemical modeling, with the 
attainment demonstration being based on 2018 design values (US EPA 2012).  However, following the 
DC Circuit decision in NRDC vs. EPA on December 23, 2014, the attainment deadline was advanced from 
December 31, 2018 to July 20, 2018, so that the states now needed to demonstrate attainment using 
2017 design values (DC Circuit 2014).  

The New York City, NY-NJ-CT nonattainment area, which was originally designated marginal in 2012 was 
reclassified to moderate effective June 3, 2016 given its continued monitoring of nonattainment (US EPA 
2016).     

2015 8-hour Ozone NAAQS 

In 2015 the primary and secondary NAAQS were set to 0.070 ppm for the three year average of the 4th 
highest 8-hour average ozone concentration, which is equivalent to 70 ppb (US EPA 2015b).  Areas were 
designated for the 2015 NAAQS as seen in Figure 1-2 and Table 1-1 (US EPA 2018).  

Table 1-1: Nonattainment areas and classifications in the OTR for 2008 and 2015 Ozone NAAQS 

Area Name  State   No. 
Counties   

2008 NAAQS 2015 NAAQS 

2012 DVs (ppm) Classification  2016 DVs (ppm) Classification  

Baltimore, MD  MD 6 0.089   Moderate 0.073 Marginal 
Greater Connecticut, CT  CT 5 0.079   Marginal 0.074 Marginal 
NYC-N. NJ-Long Island, NY-NJ-CT  CT 3 0.084   Marginal 0.083 Moderate 
 NJ 12 0.084   Marginal 0.083 Moderate 
 NY 9 0.084   Marginal 0.083 Moderate 
Allentown-Bethlehem-Easton, PA  PA 3 0.076  Marginal n/a 
Dukes County, MA  MA 1 0.076  Marginal n/a 
Jamestown, NY  NY 1 0.077   Marginal n/a 
Lancaster, PA  PA 1 0.077  Marginal n/a 
Phila.-Wilm.-Atl. City, PA-NJ-MD-DE  NJ 9 0.083   Marginal 0.077 Marginal 
 DE 1 0.083   Marginal 0.077 Marginal 
 MD 1 0.083   Marginal 0.077 Marginal 
 PA 5 0.083   Marginal 0.077 Marginal 
Pittsburgh-Beaver Valley, PA  PA 7 0.080  Marginal n/a 
Reading, PA  PA 1 0.077  Marginal n/a 
Seaford, DE  DE 1 0.077   Marginal n/a 
Washington, DC-MD-VA  DC 1 0.081   Marginal 0.072 Marginal 
 MD 5 0.081   Marginal 0.072 Marginal 
 VA 9 0.081   Marginal 0.072 Marginal 
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Figure 1-1: 2008 Ozone NAAQS Designations in the OTR as originally 
designated in 2012 

 

Figure 1-2: 2015 Ozone NAAQS Designations in the OTR as originally 
designated in 2016 

 

 

Regional Haze 

EPAΩǎ regional haze regulations require regional haze SIPs to be updated for the second planning period 
by July 31, 2018.  This SIP requires modeling to demonstrate reasonable further progress towards 
background visibility conditions at Class I areas and to set 2028 RPGs using estimates of visibility 
following controls anticipated as the result of the consultation process between the states and FLMs.  
¢ƘŜ ŎƻƴǘǊƻƭǎ ǿƛƭƭ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ŜŀŎƘ ǎǘŀǘŜΩǎ ƭƻƴƎ-term strategy and deemed to be reasonable following a 
four-factor analysis.  Effective January 10, 2017, the deadline for haze SIP submittals was extended to 
July 31, 2021 (US EPA 2017), however MANE-VU states have agreed to meet the 2018 deadline in order 
to take advantage of the current 2011 modeling platform (which is the subject of this TSD).  A list of the 
Class I areas in MANE-VU is in Table 1-2. 

Table 1-2: List of Class I Areas in MANE-VU (40 CFR 81) 

State Area Name Acreage FLM Monitored? 

ME Acadia National Park 37,503 NPS Yes 
 Moosehorn Wilderness Area 7,501 FWS Yes 
NH Great Gulf Wilderness Area 5,552 FS Yes 
 Presidential Range-Dry River Wilderness Area 20,000 FS No 
NJ Brigantine Wilderness Area 6,603 FWS Yes 
VT Lye Brook Wilderness 12,430 FS Yes 
ME & 
NB, CA 

Roosevelt Campobello International Park 2,721 Chairman, RCIP 
Commission 

No 

 

Geographic Definitions 
Throughout this document, several geographic definitions will be used that are based on the boundaries 
of Regional Planning Organizations (RPOs).  Table 1-3 shows the RPOs and their member states, though 
in some cases figures are limited to what is within the OTC modeling domain. 

Marginal 

 

Moderate 

Marginal 

 

Moderate 
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Table 1-3: List of states in geographic areas based on RPOs 

OTC MANE-VU SESARM LADCO CenSARA 

Connecticut Connecticut Alabama Illinois Arkansas 
District of Columbia District of Columbia Florida Indiana Iowa 
Delaware Delaware Georgia Michigan Kansas 
Massachusetts Massachusetts Kentucky Minnesota Louisiana 
Maryland Maryland Mississippi Ohio Missouri 
Maine Maine North Carolina Wisconsin Nebraska 
New Hampshire New Hampshire South Carolina  Oklahoma 
New Jersey New Jersey Tennessee  Texas 
New York New York Virginia   
Pennsylvania Pennsylvania West Virginia   
Rhode Island Rhode Island    
Virginia  Vermont    
Vermont     
 

Participants 

OTC Air Directors 

OTC Air Directors serve as overseers of the work products developed by the OTC Modeling Committee. 
The OTC Air Directors oversee the design of ozone control strategies for the OTR and make decisions 
surrounding modeling of the air quality impacts of policies. The Air Directors review all OTC SIP quality 
modeling platform documentation before it is finalized. The state members of the OTC Modeling 
Committee keep Air Directors informed of the development of the OTC SIP quality modeling platform. 

OTC Modeling Committee 

The OTC Modeling Committee members serve as first tier reviewers of the work products developed for 
the SIP quality modeling platform. The OTC Modeling Committee approves technical approaches used in 
the modeling platform, reviews results, and approves products for review by the Air Directors. Since 
members of the three EPA regions are members of the OTC Modeling Committee, they provide insights 
into any issues that may occur involving the acceptability of the OTC SIP quality modeling platform in a 
SIP so that problems can be corrected at the regional level.  

OTC Modeling Planning Group 

The OTC Modeling Planning Group is made up of members of the modeling centers and the OTC 
Modeling Committee leadership.  The workgroup reviews technical decisions to bring recommendations 
on approaches to the OTC Modeling Committee.   

OTC Technical Support Document Workgroup 

The OTC TSD Workgroup is responsible for compiling drafts of the technical documentation for review 
by the OTC Modeling Planning Group.   
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OTC Modeling Centers 

The OTC Modeling Centers are the state staff and academics that perform modeling and conduct 
analyses of modeling results.  They include NYSDEC, NJDEP, VADEQ, UMD via MDE, and ORC at Rutgers 
via NJDEP.   

MANE-VU Technical Support Committee 

The MANE-VU Technical Support Committee members serve as first tier reviewers of the work products 
developed for the SIP quality modeling platform with a focus on regional haze issues. Since members of 
the three EPA regions and the FLMs are members of the TSC, they provide insights into any issues that 
may occur involving the acceptability of the OTC SIP quality modeling platform in a SIP so that problems 
can be corrected at the regional level.  

MARAMA Emission Inventory Leads Committee 

The MARAMA Emission Inventory Leads Committee is made up of state staff that makes technical 
recommendations involving the multi-pollutant emissions inventory and assures the inventories.  

Schedule 
Table 1-4 provides an overview schedule intended as a guideline for finalization of the modeling in the 
document, though given that the SIP quality modeling platform is being used for planning that runs on 
different timelines some revisions may occur. 

Table 1-4: Multi-pollutant modeling schedule using 2011 platform 

PROCESS POINT TIMEFRAME 

2011 Alpha 2 Inventory for Regional Haze June 2015 
2011 Base Case Modeling for Regional Haze August 2015 
2018/2028 Alpha 2 Inventory for Regional Haze December 2015 
2011 Base Case Modeling for Ozone June 2016 
Draft TSD (excepting Future results) August 2016 
2017 Beta Inventory for Ozone August 2016 
OTC Stakeholder Meeting September 2016 
2028 Future Case Modeling for Regional Haze October 2016 
2017 Future Case Modeling for Ozone October 2016 
Final TSD (1st Revision) November 2016 
NYC and Greater CT Attainment SIP Due (US EPA 2016a) January 1, 2017 
2011 Gamma  Inventory and Modeling  October 2017 
2011 Gamma 2 Inventory and Modeling December 2017 
2023 Gamma 2 Inventory and Contribution Modeling December 2017 
2020 Gamma Inventory and Modeling Early 2018 
2028 Gamma Inventory (Base/Control) and Modeling Early 2018 
Good Neighbor SIPs Due for 2015 NAAQS October 1, 2018 
Serious 2008 NAAQS Bump Up Attainment SIPs Due TBD 
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Conceptual Model 

Ozone 

The interaction of meteorology, chemistry, and topography lead to a complex process of ozone 
formation and transport.  Ozone episodes in the OTR often begin with an area of high pressure setting 
up over the southeast United States.  As the air moves around the area of high pressure in a clockwise 
direction, pollution is transported from the Midwest into the OTR.  This   pollution is a result of power 
plants, other stationary sources and mobile sources emissions.  This summer time high-pressure system 
can stay in place for days or weeks.  This scenario allows for stagnant conditions at the surface in the 
OTR to form, and in-turn the transported pollution mixes with the local pollution in the late morning 
hours as the nocturnal inversion breaks down.  With this high pressures system in place the air mass, 
which is characterized by generally sunny and warm conditions, exacerbates ozone concentrations. This 
meteorological setup promotes ozone formation, as sunlight, warm temperatures and ozone precursors 
(NOx and VOCs) interact chemically to form ozone.  In addition, ozone precursors and ozone are 
transported into the OTR during the late night and or early morning hours from the areas to the 
southeast of the OTR by way of  the nocturnal low level jet (NLLJ), a fast moving river of air  that resides 
approximately 1,000 meters above the surface.  All this local and transported polluted air can in some 
instances accumulate along the coastal OTR areas as the air is kept in place due to bay and sea breezes  

Some ozone is natural, or transported internationally, leading to ozone that is not considered relatable 
to human activity.  This US Background ozone in the Eastern United States is in the range of 30 to 35 ppb 
though it can be as high as 50 ppb in the Intermountain West (US EPA 2014b). 

Another complexity involves the nonlinear relationship between NOX and VOC concentrations and ozone 
formation.  Areas such as the majority of the landscape in the OTR that have extensive forests that 
produce high levels of isoprene and other VOCs during the summer month achieve the best ozone 
reduction through reductions in regional NOX, but dense urban areas such as New York City that lack 
natural VOC production can be VOC limited, and in some cases NOX reductions increase ozone levels due 
to less NOX being available to destroy already formed ozone through titration.  

To address the  complexity of ozone formation and transport into the OTR that occurs,  the modeling 
exercise ǿƛƭƭ ōŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ά¢ƘŜ bŀǘǳǊŜ ƻŦ ǘƘŜ hȊƻƴŜ !ƛǊ vǳŀƭƛǘȅ 
Problem in the Ozone Transport Region: A Conceptual Description (Hudson et al. October 2006)Φέ   

Visibility 

Under natural atmospheric conditions, the view in the eastern United States would extend about 60 to 
80 miles, whereas in the western United States this can extend from 110 to 115 miles (Malm May 1999).  
Current visibility conditions result in less distance that can be viewed due to impacts of anthropogenic 
pollution.  However, the current conditions in the Eastern US are remarkably improved from the early 
нлллΩǎ ǿƘŜƴ ǘƘŜ ǊŜƎƛƻƴŀƭ ƘŀȊŜ ǇǊƻƎǊŀƳ ōŜƎŀƴΦ 

Anthropogenic visibility impairment in the eastern United States is largely due to the presence of light-
absorbing and light-scattering PM of which the impact can be estimated through the IMPROVE 
algorithm.  This impact is sensitive to the chemical composition of the particles involved, and also 
depends strongly on ambient relative humidity. Secondary particles (e.g., ammonium sulfate, 
ammonium nitrate), which form in the atmosphere through chemical reactions, tend to fall within a size 
range that is most effective at scattering visible light (NARSTO February 2003).  A great level of 
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complexity occurs when evaluating the conceptual model of fine PM2.5.  We will be basing the modeling 
ŜȄŜǊŎƛǎŜ ƻƴ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ ŦƻǳƴŘ ƛƴ ά¢ƘŜ bŀǘǳǊŜ ƻŦ ǘƘŜ CƛƴŜ tŀǊǘƛŎƭŜ ŀƴŘ wŜƎƛƻƴŀƭ IŀȊŜ !ƛǊ 
Quality Problems in the MANE-VU Region: A Conceptual Description (Downs et al. 10 August 2010)Φέ   

Base Year Selection 
Analyses of monitored data and meteorological data concluded that for the OTR, 2010, 2011 and 2012 
are the candidate base years to model for future ozone NAAQS planning and 2011 is the best base year 
for future Regional Haze and annual PM2.5 NAAQS planning. Transport patterns of 2011 ozone events in 
the OTR confirm that using 2011 would be appropriate. When other factors were considered including 
availability of a national emission inventory, research data availability, and decisions on base years by 
nearby RPOs and EPA more weight was given to using 2011 as a base year. As a result, 2011 was 
determined to be the best candidate base year for this multi-pollutant platform (Ozone, Regional Haze 
and PM2.5).  aƻǊŜ ŘŜǘŀƛƭǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ŘƻŎǳƳŜƴǘ άFuture Modeling Platform Base Year 
Determinationέ ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ a!b9-VU Technical Support Committee (MANE-VU Technical Support 
Committee 9 October 2013). 

Future Year Selection 
Since a 2018 inventory was needed for Baltimore to demonstrate attainment, OTC developed 
inventories for that year.  However, following the DC Circuit decision discussed earlier, developing a 
2017 inventory became necessary.  As such the 2018 inventory was no longer needed as an ozone 
modeling inventory.  

To conserve resources through multi-pollutant planning, the region also developed a 2028 inventory 
required for the submission of regional haze SIPs.  

As a result we began our modeling platform using 2018 and 2028 future years, and later migrated 2018 
to 2017. 
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Section 2. Evaluation of Meteorological Modeling using WRF 

Overview 
The OTC Modeling Committee extracted the meteorological data from EPAΩǎ нлмм 
photochemical modeling of the CONUS.  That modeling used WRF v.3.4 to develop 
meteorological data.  The OTC modeling used only a subset of the EPA modeling domain as 
illustrated in Figure 2-1 (US EPA 2014).  The meteorological data for the OTC domain was 
extracted from the EPA CONUS domain modeling using MCIP (Otte and Pleim 2010).  The OTC 
retained the same 12 km square grid size and 35 layer column depth as was used by EPA. 

Figure 2-1: Extent of EPA CONUS domain with the OTR Modeling Domain in grey and the OTR states in blue 

 

Parameters 
Table 2-1 shows the parameters used by WRF v. 3.4 and Table 2-2 shows more details of the 
layers. 

Table 2-1: Parameters used by WRF v. 3.4 

VARIABLE PARAMETER 

Horizontal Resolution 36 &12-km 
Vertical Resolution 35 layers up to 50 mb 
Initialization NAM 12-km 
Land Use Data NLCD 2006 
Land Surface Model Pleim-Xiu 
Planetary Boundary Layer ACM2 
Cumulus Parameterization Kain-Fritsch (trigger 2) 
Microphysics Morrison 2-moment 
Radiation RRTMG (LW & SW) 
Nudging T, Q and winds above PBL 
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Table 2-2: Layers used in WRF v 3.4 

Layer # Sigma P Pressure (mb) Approximate Height (m AGL) 

35 0.00 50.00 17,556 
34 0.05 97.50 14,780 
33 0.10 145.00 12,822 
32 0.15 192.50 11,282 
31 0.20 240.00 10,002 
30 0.25 287.50 8,901 
29 0.30 335.00 7,932 
28 0.35 382.50 7,064 
27 0.40 430.00 6,275 
26 0.45 477.50 5,553 
25 0.50 525.00 4,885 
24 0.55 572.50 4,264 
23 0.60 620.00 3,683 
22 0.65 667.50 3,136 
21 0.70 715.00 2,619 
20 0.74 753.00 2,226 
19 0.77 781.50 1,941 
18 0.80 810.00 1,665 
17 0.82 829.00 1,485 
16 0.84 848.00 1,308 
15 0.86 867.00 1,134 
14 0.88 886.00 964 
13 0.90 905.00 797 
12 0.91 914.50 714 
11 0.92 924.00 632 
10 0.93 933.50 551 
9 0.94 943.00 470 
8 0.95 952.50 390 
7 0.96 962.00 311 
6 0.97 971.50 232 
5 0.98 981.00 154 
4 0.99 985.75 115 
3 0.99 990.50 77 
2 1.00 995.25 38 
1 1.00 997.63 19 

Assessment 
Certain critical parameters of the model were assessed for their ability to characterize actual 
conditions occurring over the base year.  EPA provides the following guidance concerning 
evaluation of meteorological models in section 2.6.3. 

While the air quality models used in attainment demonstrations have consistently been 
subjected to a rigorous performance assessment, in many cases the meteorological 
inputs to these models have received less rigorous evaluation, even though this 
component of the modeling is quite complex and has the potential to substantially affect 
air quality predictions (Tesche, 2002). EPA recommends that air agencies devote 
appropriate efforts to the process of evaluating the meteorological inputs to the air 
quality model as we believe good meteorological model performance will yield more 
confidence in predictions from the air quality model. One of the objectives of this 
evaluation should be to determine if the meteorological model output fields represent a 
reasonable approximation of the actual meteorology that occurred during the modeling 
period. Further, because it will never be possible to exactly simulate the actual 
meteorological fields at all points in space/time, a second objective of the evaluation 
should be to identify and quantify the existing biases and errors in the meteorological 
predictions in order to allow for a downstream assessment of how the air quality 
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modeling results are affected by issues associated with the meteorological data. To 
address both objectives, it will be necessary to complete both an operational evaluation 
(i.e., quantitative, statistical, and graphical comparisons) as well as a more 
phenomenological assessment (i.e., generally qualitative comparisons of observed 
features vs. their depiction in the model data).  

For our assessment, 2011 WRF modeled data were compared to data for the year.  For several 
factors we relied on EPAΩǎ ƻǿƴ ŀǎǎŜǎǎƳŜƴǘǎΣ ǿƘƛƭŜ ƭƻƻƪƛƴƎ ƳƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŀǘ Řŀǘŀ ƛƴ ǘƘŜ h¢w.  
We also expanded on EPAΩǎ ǿƻǊƪ ōȅ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ ǿŀȅǎ ²wC modeled temperature, mixing 
ratio, and the PBL height.  Details of the assessment follow. 

Model Performance Analyzed by EPA 

Wind Speed  

EPA found that WRF v. 3.4 slightly over-predicts wind speed in the Eastern United States with 
the bias being highest during the midday hours.  EPA also found that the error in wind 
displacement tends to be about 5 km, which, being less than the size of a grid cell, should be 
negligible in affecting position of air masses temporally and spatially (Eyth and Vukovich 2015). 

Precipitation comparison 

EPA found that WRF v. 3.4 performs adequately in terms of spatial pattern recognition and 
predicting the amount of precipitation throughout the year when compared to the PRISM 
climate data.  The results compared well in the OTR, including the forecast of a high band of 
coastal precipitation that occurred during the month of August, although the precipitation in 
March and September appears to be respectively overestimated and underestimated 
throughout the OTR (US EPA 2014). 

Solar Radiation 

Photosynthetically-activated radiation is important in estimating isoprene, which plays an 
important role in the formation of ozone and secondary organic aerosols in the heavily forested 
OTR (Carlton and Baker 2011).  EPA evaluated the performance of solar radiation using 
SURFRAD and ISIS network monitors and found little bias during the fall and winter months, but 
ƎǊƻǿƛƴƎ ōƛŀǎ ŘǳǊƛƴƎ ǘƘŜ ǎǇǊƛƴƎ ǿƛǘƘ ŀ ǇŜŀƪ ƛƴ ǘƘŜ ǎǳƳƳŜǊΣ άǘƘƻǳƎƘ ǘƘŜ ǎǇǊŜŀŘ ƛƴ ƻǾŜǊ-
predictions tends to be less than 100 W/m2 on average, with a median bias close to zero (US EPA 
2014)Φέ  ²wC also tends to over-predict from about 7 AM to Noon, while under-predicting from 
1 PM to 5 PM.  !ŘŘƛǘƛƻƴŀƭƭȅΣ 9t! ǎǘŀǘŜŘ ǘƘŀǘ άǊadiation performance evaluation also gives an 
indirect assessment of how well the model captures cloud formation during daylight hoursέ so 
cloud cover would be expected to be under-predicted in the morning and over-predicted in the 
late afternoon.  

Model Performance Analyzed by OTC 

Temperature and Mixing Ratio 

NYSDEC conducted the review of temperature and mixing ratios for the OTC Modeling 
Committee.  NYSDEC relied on RTMA, a component of the NWS Analysis of Record project and 
produced by NOAA/NCEP.  
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RTMA provides a high-spatial and temporal resolution analysis/assimilation system for near-
surface weather conditions. RTMA produces hourly analyses at 5 km and 2.5 km grid resolution 
for the CONUS NDFD grid.  The parameters in RTMA include pressure height and air pressure at 
the surface, air temperature, dew point temperature, and specific humidity at 2m, U- and V-
components of wind momentum at 10m, along with cloud cover and precipitation.  
Observational data from the RTMA 2.5 
(http://www.nco.ncep.noaa.gov/pmb/products/rtma/#RTMA2p5) is used in this evaluation and 
interpolated to the 12km WRF grid. 

NYSDEC compared the modeled WRF temperature and mixing ratio values with the real world 
data from RTMA.  NYSDEC found that WRF temperature had a low bias in winter months and a 
high bias in summer months (Figure 2-2) and the WRF mixing ratio had a high bias in winter 
months and a low bias in summer months (Figure 2-3).  When NYSDEC examined the absolute 
error, they found that WRF had a low absolute error for temperature and a large absolute error 
for mixing ratios in the summer (Figure 2-4 and Figure 2-5).  Additionally, several low correlation 
coefficients were observed in July and August on grid cells along the coastline (Figure 2-6 and 
Figure 2-7). 

NYSDEC next compared the diurnal modeled WRF temperature and mixing ratio values during 
the months of February (winter) and August (summer).  In February WRF temperature bias was 
minimal at all times of day (Figure 2-8) and the mixing ratio was biased high throughout the 24 
hours (Figure 2-9).  In August WRF temperature bias was high in the morning hours and low in 
the afternoon (Figure 2-10).  Mixing ratio for August was biased low in the evening (Figure 2-11).  
In February the temperature mean absolute error varied between and 1 and 1.5 ºF (Figure 2-12).  
The mean absolute error for the mixing ratio in February was highest in the evenings with 
means around 5 g/kg (Figure 2-13).  In August the temperature mean absolute error was 
typically around 1 ºF at all times of the day (Figure 2-14) and was highest in the evening, but had 
a mean absolute error for the mixing rations that was closer to 1.5 g/kg (Figure 2-15).  
Correlation coefficients were much closer to 1 in February for both temperature and mixing 
ratio than in August, when in some cases during the early evening hours zero correlation was 
found (Figure 2-16-Figure 2-19). 

http://www.nco.ncep.noaa.gov/pmb/products/rtma/#RTMA2p5
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Figure 2-2: Monthly average Bias (RMTA ς WRF) for Temp.1 

 

Figure 2-3: Monthly average Bias (RMTA ς WRF) for Mixing Ratio1 

 
Figure 2-4: Monthly average absolute error for temp.1 

 

Figure 2-5: Monthly average absolute error for mixing ratio1 

 
Figure 2-6: Correlation coefficients for temp.1 

 

Figure 2-7: Correlation coefficients for mixing ratio1 
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Figure 2-8: Diurnal BIAS (RMTA ς WRF) for temp. in Feb.1  

 

Figure 2-9: Diurnal BIAS (RMTA ς WRF) for mixing ratio in Feb.1  

 
Figure 2-10: Diurnal BIAS (RMTA ς WRF) for temp. in Aug.1 

 

Figure 2-11: Diurnal BIAS (RMTA ς WRF) mixing ratio in Aug.1 

 
Figure 2-12: Diurnal absolute error for temp. in Feb.1 

 

Figure 2-13: Diurnal absolute error for mixing ratio in Feb.1  
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Figure 2-14: Diurnal absolute error for temp. in Aug.1 

 

Figure 2-15: Diurnal absolute error for mixing ratio in Aug.1 

 
Figure 2-16: Diurnal correlation coefficient for temp. in Feb.1  

 

Figure 2-17: Diurnal correlation coefficient for mixing ratio in Feb.1  

 
Figure 2-18: Diurnal correlation coefficient for temp. in Aug.1 

 

Figure 2-19: Diurnal correlation coefficient for mixing ratio in Au.1 
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Planetary Boundary Layer 

The CALIPSO satellite began operation in 2006 with three instruments, the Cloud-Aerosol Lidar 
with Orthogonal Polarization (CALIOP), the Imaging Infrared Radiometer (IIR), and the Wide 
Field Camera (WFC). Its repetition cycle is 16 days.  CALIOP is a two-wavelength polarization 
sensitive Lidar (532 nm and 1064 nm).  At 532 nm, it has horizontal and vertical resolutions of 
333 m and 30 m (up to 8 km), respectively.   The CALIPSO aerosol layer product provides data for 
PBL height covering vast areas on a regular basis. 

The NYSDEC derived PBL-height from the CALIPSO Level-1B-attenuated aerosol backscatter 
profile using the wavelet transform technique, which assumes a structure from the backscatter 
profile at the height of the air column where the scattering has a strong increase just under the 
PBL and a strong negative gradient of the backscatter.  They averaged the raw signal over 40km 
to improve signal-to-noise-ratio, and discarded low-cloud data.  Then they extracted and refined 
the CALIPSO Level-2 aerosol layer-top in the lower atmosphere for PBL-height by choosing: 

1. single aerosol-layer top, while rejecting multiple layers data; 
2. the layer with the ōŀǎŜ ҖлΦо ƪƳ ŀōƻǾŜ ǎŜŀ ƭŜǾŜƭ ŀƴŘ ǘƘŜ tƻǇ ҖсΦл ƪƳ ŀōƻǾŜ ǎŜŀ ƭŜǾŜƭΣ 

while rejecting aloft aerosol layers; 
3. the layer with the depth > 0.10 km, while rejecting the potentially noisy outlier layers; 
4. the layer with cloud-aerosol-discrimination score:  -млл Җ /!5 Җ -20, while rejecting 

clouds and low-confidence feature layers; and 
5. only daytime data to avoid detection of nighttime residual layers. 

Figure 2-20: Seasonal Frequency of CALIPSO PBL height 

 

0 500 1000 1500 2000 2500 3000 3500
0

5

10

15

20

25

30

35

PBL Height (m)

F
re

q
u

e
n

c
y
 (

%
)

Seasonal Frequency of CALIPSO PBL Height - 2011

 

 

winter

spring

summer

fall



 

 

                            2-9 

Figure 2-20 showed the frequency distribution of CALIPSO PBL height.  The PBL is, on average, 
lower during the winter at 500 ς 1000 meter range and highest during the summer at 1500 ς 
2000 meter range.  WRF underestimated daytime PBL height compared to CALIPSO particularly 
over water and more so during the summer (Figure 2-21 and Figure 2-22).  WRF PBL height 
showed significantly larger land-water contrast than the CALIPSO data, with the 
underestimation being larger in summer than in winter (Figure 2-23 - Figure 2-26). 

 

Figure 2-21: CALIPSO to WRF (PBL height ratio) Winter (D/J/F) 
2011 (blue and red dots over land and water 
respectively)  

 

Figure 2-22 CALIPSO to WRF (PBL height ratio) Summer (J/J/A) 
2011 (blue and red dots over land and water 
respectively) 

 
 

Figure 2-23: CALIPSO to WRF (PBL height ratio) Winter (D/J/F) 
2011 

 

Figure 2-24: CALIPSO to WRF (PBL height ratio) Summer (J/J/A) 
2011 
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Figure 2-25: CALIPSO to WRF (PBL height ratio) Spring (M/A/M) 
2011 

 

Figure 2-26: CALIPSO to WRF (PBL height ratio) Fall (S/O/N) 
2011 

 
One area of uncertainty involves PBL height estimates over bodies of water.  CALIPSO data lacks 
the information necessary to properly evaluate PBL over water. 

Summary 
EPA has developed a significant look at the WRF v.3.4 model runs that OTC/MANE-VU is 
employing in its modeling platform and they have found the model to be quite acceptable for 
ǳǎŜ ƛƴ ǘƘŜƛǊ ƴŀǘƛƻƴŀƭ ǊŜƎǳƭŀǘƻǊȅ ǇǊƻŎŜǎǎŜǎΦ  h¢/ ǊŜǾƛŜǿŜŘ 9t!Ωǎ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ŦƻǳƴŘ ǘƘŀǘ ²wC 
v.3.4 modeled the Eastern US appropriately with regards to the factors EPA analyzed.  NYSDEC 
went further to examine how WRF v.3.4 modeled temperature, mixing ratios, and PBL 
compared to monitored data and also found the results to be reasonable approximations.  The 
Řŀǘŀ ǇǊŜǎŜƴǘŜŘ ƛƴ 9t!Ωǎ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ŀǎ ǿŜƭƭ ŀǎ h¢/Ωǎ ŀƴŀƭȅǎƛǎ ŀƭǎƻ ǇǊƻǾƛŘŜ ŜǾƛŘŜƴŎŜ ƻŦ ŀǊŜŀǎ 
needing further scrutiny (e.g., PBL height over bodies of water). OTC Modeling Committee 
expects that the 12 km WRF v.3.4 model results will lead to scientifically sound air quality 
modeling. 
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Section 3. Evaluation of Biogenic Model Versions 

Overview 
The modeling platform made available by EPA, v. 6.2, relied on BEIS v. 3.6 for biogenic emissions (Eyth 
and Vukovich 2015, p.2).  More recently BEIS v. 3.6.1 was produced which came with more recent land 
use data which was expected to lead to more accurate results.  OTC expects that in future modeling EPA 
will upgrade to the more recent version of BEIS, but since that has not yet occurred OTC determined 
that a brief evaluation of BEIS v. 3.6.1 was warranted. 

Assessment 
NYSDEC conducted an evaluation of two versions (3.6 and 3.6.1) of the biogenic model BEIS in order to 
determine which version produced more accurate base year modeling results.  The major difference 
between the two versions of BEIS is the land use data employed by the model: v. 3.6 uses NCLD 2006 
and v.3.6.1 uses NCLD 2011 (http://www.mrlc.gov/).  The land use data in  v. 3.6.1 shows much higher 
levels of isoprene than v. 3.6 (Bash, Baker and Beaver 2015).  It was expected that v. 3.6.1 would 
produce the more accurate results given that it more accurately reflects the state of land use in the base 
year and also due to the improvements in isoprene production in the newer version.   

In order to test the accuracy of the two biogenic model versions, two base year photochemical modeling 
runs were completed using CMAQ.  The details on how CMAQ was configured for these model runs are 
in a later section (see Section 5).  The model runs were completed using the 2011 Alpha 2 inventory (see 
Section 4). 

Overall the difference between using v. 3.6.1 and v. 3.6 did not change the overall bias and error in the 
modeled results in the OTR as seen in Figure 3-1 (MFB), Figure 3-2 (MFE), and Figure 3-3 (MAGE), but 
the improvements in the response at the high ozone monitors warrant upgrading to BEIS v. 3.6.1. 

 

Figure 3-1: MFE % for OTR monitors for CMAQ model runs 
conducted using BEIS 3.61 (left axis) and BEIS 3.6 (bottom axis) 

 

Figure 3-2: MFB % for OTR monitors for CMAQ model runs 
conducted using BEIS 3.61 (left axis) and BEIS 3.6 (bottom axis) 
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Figure 3-3: MAGE (ppb) for OTR monitors for CMAQ model runs 
conducted using BEIS 3.61 (left axis) and BEIS 3.6 (bottom axis) 

 

 

In order to test the impact of design value projections between the two biogenic model versions, two 
future year photochemical modeling runs were completed using CMAQ.  The details on how CMAQ was 
configured for these model runs are in a later section (see Section 5).  The model runs were completed 
using the 2018 Alpha 2 inventory (see Section 8). 

NYSDEC found that using BEIS v. 3.6.1 resulted in a greater response to reductions in NOX at many higher 
valued monitors as seen in Table 3-1.  One exception to this rule was Sherwood Island, CT (Monitor ID 
#090019003), which saw increases in ozone in both photochemical model runs.   

Four monitors, including Sherwood Island, saw no change in projected ozone when v. 3.6.1 was used, 
and this is likely due to their proximity to the land-water interface.  The highest value in the 9x9 grid 
surrounding the monitor is used in calculating the projected ozone at a monitor.  The highest values at 
the nearby grid cells to these monitors are likely over water, which means those grid cells, are not 
impacted by changes in biogenic emissions.  As a result we would expect to see little to no change in 
projected ozone at monitors near to the land-water interface.  More details on the issues surrounding 
projected ozone calculations for monitors near the land-water interface are in Section 10. 

 

Table 3-1: Modeled 2018 DVFs for 12 high ozone monitors in the OTR comparing BEIS v. 3.6 and BEIS v. 3.6.1 

AQS Code Site DVC2011 DVF BEIS v. 3.6 DVF BEIS v. 3.6.1 

090019003 Sherwood Island  83.7 84 84 
240251001 Edgewood 90 82 81 
361030002 Babylon 83.3 82 77 
090010017 Greenwich Point Park 80.3 80 77 
090013007 Fairfield 84.3 78 78 
360810124 Queens College  78 78 74 
361192004 White Plains 75.3 78 74 
090099002 Hammonasset State Park 85.7 77 77 
360850067 Susan Wagner HS 81.3 77 77 
340150002 Clarksboro 84.3 75 75 
360050133 Pfizer Lab Site 74 75 72 
421010024 North East Airport (NEA) 83.3 75 74 
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Due to the increased accuracy associated with BEIS v. 3.6.1, this version was used in the OTC/MANE-VU 
modeling. 

References 
.ŀǎƘΣ WhΣ .ŀƪŜǊΣ Yw ŀƴŘ .ŜŀǾŜǊΣ aw нлмрΣ Ψ9Ǿŀƭǳŀǘƛƻƴ ƻŦ ƛƳǇǊƻǾŜŘ ƭŀƴŘ ǳǎŜ ŀƴŘ ŎŀƴƻǇȅ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ 

in BEIS v3.61 with biogenic VOC ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ /ŀƭƛŦƻǊƴƛŀΩΣ Geoscientific Model Development 
Discussions, vol. 8, no. 9, pp. 8117ς8154. 

9ȅǘƘΣ ! ŀƴŘ ±ǳƪƻǾƛŎƘΣ W нлмрΣ Ψ¢ŜŎƘƴƛŎŀƭ {ǳǇǇƻǊǘ 5ƻŎǳƳŜƴǘ ό¢{5ύ tǊŜǇŀǊŀǘƛƻƴ ƻŦ 9Ƴƛǎǎƛƻƴǎ LƴǾŜntories 
ŦƻǊ ǘƘŜ ±ŜǊǎƛƻƴ сΦнΣ нлмм 9Ƴƛǎǎƛƻƴǎ aƻŘŜƭƛƴƎ tƭŀǘŦƻǊƳΩΣ ŀŎŎŜǎǎŜŘ aŀǊŎƘ муΣ нлмсΣ ŦǊƻƳ 
<http://www3.epa.gov/ttn/chief/emch/2011v6/2011v6_2_2017_2025_EmisMod_TSD_aug2015
.pdf>. 

 



 

 

                            4-14 

Section 4. Emissions Inventories and Processing for 2011 12km Base Year 
Simulation 

Overviews 

ERTAC EGU 

The majority of the tools that OTC/MANE-VU are currently using to develop emissions inventories have 
already become standards in the field including MOVES for onroad emissions, NONROAD for nonroad 
ŜƳƛǎǎƛƻƴǎΣ 9t!Ωǎ w²/ ǘƻƻƭ ŦƻǊ ǊŜǎƛŘŜƴǘƛŀƭ ǿƻƻŘ ŎƻƳōǳǎǘƛƻƴΣ .9L{ ŦƻǊ ōƛƻƎŜƴƛŎ ŜƳƛǎǎƛƻƴǎΣ ŀƴŘ 9aC for 
growing inventories for other sectors.  However, the ERTAC EGU projection tool is not as well known.   

The ERTAC EGU tool has been developed through the ERTAC collaborative process for use in projecting 
future year EGU emissions.  However, some units are partial year reporters or do not have to report SO2 
emissions to CAMD due to only being in the NOX Budget Trading Program.  To resolve these issues the 
ERTAC EGU group ran ERTAC EGU projecting the CAMD data to the base year with no growth. This run, 
ŎŀƭƭŜŘ .ŀǎŜ ¸ŜŀǊ 9ǉǳŀƭǎ CǳǘǳǊŜ ¸ŜŀǊ ƻǊ ά.¸ҐC¸έΣ ŀƭƭƻǿŜŘ ƳƛǎǎƛƴƎ ŜƳƛǎǎƛƻƴǎ ǘƻ ōŜ ƛƴŎƭǳŘŜŘΣ ŀǎ ǿŜƭƭ ŀǎ 
smoothing out erratic data that is often created when missing data  are replaced with maximum 
possible values  (McDill et al. 2015). 

Alpha 

The Alpha version of the inventory was used to generate CMAQ-ready emissions for initial modeling. 
9t!Ωǎ нлмм ŜƳƛǎǎƛƻƴǎ Řŀǘŀ ŦǊƻƳ ƴŜŀǊƭȅ ŜǾŜǊȅ ǎŜŎǘƻǊ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ŘƛǊŜŎǘƭȅ ƛƴǘƻ /a!v ǿƛǘƘƻǳǘ {ahY9 
processing since these data were not altered in any way.  The inventories were based on v. 6.2 of the 
9t! ƳƻŘŜƭƛƴƎ ƛƴǾŜƴǘƻǊȅ όŀƭǎƻ ŎŀƭƭŜŘ ǾΦ άŜƘέΣ ǿƘƛŎƘ ƛǎ ƛƴ ǘǳǊƴ ǿŀǎ ōŀǎŜŘ ƻƴ нлмм b9L ǾΦ нύ ŀƴŘ ǿŜǊŜ 
processed through SMOKE v. 3.5.1 (Eyth et al. 2015).  Although OTC/MANE-VU did not process most of 
the emissions using SMOKE, the SMOKE input files are available on the MARAMA EMF system.   

The exceptions that NYSDEC did process using SMOKE are the ERTAC EGU, Small EGU, and Non-EGU 
Point sectors.  ERTAC v. 2.3 was used in the Alpha inventory.  These were all processed using SMOKE v. 
3.6. 

Alpha 2 

The Alpha 2 version of the inventory was primarily done to correct the C3 Marine sector to rectify 
double counting that occurred in the inventories used in the Alpha inventory (McDill et al. 2015).  In 
addition, a few other minor corrections were made.  This was originally intended to be used in 2018 
wŜƎƛƻƴŀƭ IŀȊŜ {LtǎΣ ōǳǘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇǊƻǾŜƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ ƳŀŘŜ ŀƴŘ DŀƳƳŀ ǿƛƭƭ ƴƻǿ ōŜ ǳǎŜŘΦ  9t!Ωǎ 
2011 emissions data from nearly every sector were included directly into CMAQ without SMOKE 
processing since these data were not altered in any way.  EPA had processed their inventories using 
SMOKE v. 3.5.1 (Eyth et al. 2015).   

Beta/Beta 2 

The Beta 2 version of the inventory is intended to be used in 2008 Ozone SIPs.  For the base year there 
are no differences between Beta and Beta 2, they exist only in the future year work.  The Beta 2 
inventory  uses some of the same files used in Alpha and Alpha 2 inventories that were provided by EPA, 
but it ŀƭǎƻ ǊŜƭƛŜǎ ƻƴ ŦƛƭŜǎ ǘƘŀǘ ǿŜǊŜ ǳǇŘŀǘŜŘ ƛƴ 9t!Ωǎ άŜƪέ ƛƴǾŜƴǘƻǊȅ ŀƴŘ ƴŜǿ ƛƴǇǳǘǎ ŎƻƳǇƛƭŜŘ ōȅ 
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a!w!a!Σ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǎǘŀǘŜǎΩ ŦŜŜŘōŀŎƪΦ  ¢ƘŜ ǎŜŎǘƻǊǎ ǘƘŀǘ ǿŜǊŜ ǳǇŘŀǘŜŘ ŦǊƻƳ 9t!Ωǎ άŜƪέ ƛƴǾŜƴǘƻǊȅ 
required SMOKE processing using v. 3.7, and in the case of onroad mobile running SMOKE-MOVES v. 3.7.  
ERTAC v. 2.3 was upgraded to v. 2.5 for the Beta/Beta 2 inventory, which includes updated stack 
parameters and the addition of SO2 emissions for NOX only reporters.  Full descriptions of where each 
inventory sector was taken from are shown in Table 4-1.  The following sectors were reprocessed 
through SMOKE for the Beta/Beta 2 inventory:  

1. Agriculture 
2. ERTAC EGU 
3. Ethanol 
4. Non-EGU Point 
5. Non-ERTAC IPM EGUs 
6. Non-point Source 
7. Nonroad  
8. Point Oil & Gas 
9. Refueling  
10. Residential Wood Combustion 
11. Wild Fires 

Gamma 

The Gamma version of the inventory is intended to be used as the base year inventory for Regional Haze 
SIPs and any attainment demonstrations needed for areas that are reclassified to serious for the 2008 
Ozone NAAQS.  The Gamma inventory is based on files developed by MARAMA, the ERTAC EGU 
Workgroup, and EPA.  Details on how the sectors that were updated for the Gamma inventory by 
MARAMA were developed are available in a separate TSD (McDill et al. 2018).  Files taken from EPA 
primarily use the άŜƭέ ǾŜǊǎƛƻƴ ƻŦ 9t!ϥǎ ƛƴǾŜƴǘƻǊȅΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ŦŜŜŘōŀŎƪ ǇǊƻǾƛŘŜŘ ǘƻ 9t! ōȅ ƻǳǊ ǎǘŀǘŜǎ 
and MARAMA (Eyth et al. 2015). However, improvements found in the oil & gas, marine and nonroad 
ƛƴǾŜƴǘƻǊƛŜǎ ŦǊƻƳ άŜƴέ were included (US EPA 2017).  Full descriptions of where each inventory sector 
was taken from are shown in Table 4-1.  Sectors taken from EPA inventories needed to be re-gridded in 
order to match the size of the OTC domain. 

Table 4-1: Inventories used at each stage of OTC 2011 base year modeling 

SECTOR Alpha/Alpha 2 Beta/Beta 2 Gamma 

Agricultural Fugitive Dust EPA v6.2 eh EPA v6.2 eh EPA v6.2 eh 
Agricultural EPA v6.2 eh EPA v6.3 ek EPA v6.3 ek 
Agricultural Fire EPA v6.2 eh EPA v6.3 ek EPA v6.3 ek 
Biogenics EPA v6.2 eh EPA v6.3 ek EPA v6.3 ek 
C1C2 Marine EPA v6.2 eh EPA v6.2 eh EPA v6.3 en 
C3 Marine EPA v6.2 eh (h ), EPA v6.3 ej (h  2) EPA v6.3 ek EPA v6.3 en 
ERTAC EGU ERTAC v2.3 ERTAC v2.5L ERTAC v2.5L 
Ethanol MARAMA h  a!w!a! ʲ MARAMA ɹ 
Non-EGU Point MARAMA h  MARAMA ̡  MARAMA ɹ 
Point source offsets for DE n/a MARAMA ̡  MARAMA ɹ 
Non-ERTAC IPM EGUs MARAMA h  MARAMA ̡  MARAMA ɹ 
Non-Point MARAMA h  MARAMA ̡  MARAMA ɹ 
Non-point Oil & Gas EPA v6.2 eh MARAMA ̡  MARAMA ɹ 
Nonroad EPA v6.2 eh EPA v6.3 ek EPA v6.3 en 
Onroad EPA v6.2 eh EPA v6.3 ek EPA v6.3 el 
Point Oil & Gas EPA v6.2 eh EPA v6.3 ek EPA v6.3 en 
Prescribed/Wild  Fires EPA v6.2 eh EPA v6.2 eh EPA v6.2 eh  
Rail EPA v6.2 eh EPA v6.3 ek EPA v6.3 ek 
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SECTOR Alpha/Alpha 2 Beta/Beta 2 Gamma 

Refueling MARAMA h  a!w!a! ʲ MARAMA ̡  
RWC EPA v6.2 eh EPA v6.3 ek EPA v6.3 ek 
Canadian EPA v6.2 eh EPA v6.3 ek EPA v6.3 el 

Emission Inventory Sectors 
This section lists the emission inventory sectors with a brief description of the sector.  A full list of all of 
the files used is in Appendix B. 

Agricultural 

NH3 emissions, at the county and annual resolution, from nonpoint livestock and from fertilizer 
application.   

Agricultural Fugitive Dust 

PM10 and PM2.5 at the county and annual resolution from nonpoint fugitive dust sources including 
building construction, road construction, agricultural dust, and road dust.   

Agricultural Fires 

Point source daily fires from agricultural burning computed using SMARTFIRE2.   

Biogenic Emissions  

Non-anthropogenic emissions at the grid cell and hourly resolution, including emissions from Canada, 
generated with the BEIS v. 3.61.   

C1/C2 Marine and Rail  

Locomotives and category 1 (C1) and category 2 (C2) commercial marine vessel emissions at the county 
and annual resolution.  This category also includes some Category 3 emissions that were estimated by 
state agencies.  Where these overlapped with the International Marine Organization (IMO) Category 3 
sector described in the following section, the IMO Category 3 emissions were deleted to avoid double 
counting. 

C3 Marine (IMO) 

IMO Category 3 (C3) commercial marine vessel emissions at annual resolution - in the Alpha inventory 
distributed throughout the Atlantic Ocean, and in the Alpha 2 and Beta inventories distributed to 
shipping lanes.    

ERTAC EGUs  

All EGUs that are projected through the ERTAC projection tool, at the point and hourly resolution.  These 
EGUs are from the universe of units with CEMS that are tracked by CAMD (though several units that 
meet that description are removed at state rŜǉǳŜǎǘύ ŀƴŘ ǿŜǊŜ ŀƭƳƻǎǘ ŜƴǘƛǊŜƭȅ ŦƻǳƴŘ ƛƴ 9t!Ωǎ ǎŜŎǘƻǊ ŦƛƭŜǎ 
projected by IPM.    
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Ethanol  
Point sources that produce ethanol fuel. 

Non-EGU Point  

All point emissions at the point and annual resolution, not included in other files.  Some units were 
removed ŦǊƻƳ 9t!Ωǎ ǇǊŜǇŀǊŜŘ ŦƛƭŜ ǎƛƴŎŜ ǘƘŜȅ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ŀƴ 9w¢!/ ŦƛƭŜΦ  Lƴ ǘƘŜ .Ŝǘŀ ƛƴǾŜƴǘƻǊȅ ǎƻƳŜ 
sources were determined to be peaking EGUs and temporalized using an hourly emission file. 

Non-ERTAC IPM EGUs  

All units, at the point and annual resolution projected by EPA using IPM that were not projected using 
ERTAC and were also not included in the Non-EGU point sector,  In the Beta inventory some sources 
were confirmed to be peaking EGUs and temporalized using an hourly emission file. 

Non-point  

All nonpoint emissions, at the county and annual resolution, which were not included in other files.  
Agricultural burning and portable fuel container emissions are merged into this sector. 

Non-point Oil &Gas 

Nonpoint emissions from the oil and gas sector at the county and annual resolution. 

Nonroad  

Mobile emissions, at the county and monthly resolution, processed using NONROAD 2008 from vehicles 
and equipment that are not included in other files.  

Onroad  

Mobile emissions, at the grid cell and hourly resolution, from onroad vehicles processed using MOVES 
and SMOKE-MOVES.  The MOVES emission factors used for the Alpha and Alpha 2 inventories were 
produced using MOVES2014 and the emissions factors used for Beta were produced using 
MOVES2014a. 

Point Oil & Gas  

Point emissions from the oil and gas sector at the point and annual resolution. 

Prescribed Burn  

Point source daily prescribed fires computed using SMARTFIRE2. 

Refueling  

Non-point source emissions from gas station refueling. 

Residential Wood Combustion  

Nonpoint emissions from residential wood combustion at the county and annual resolution. 

Wild Fires  

Point source daily wildfires computed using SMARTFIRE2. 
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Speciation 
The speciation and cross-ǊŜŦŜǊŜƴŎŜ ŦƛƭŜǎ ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ 9t!Ωǎ нлмм ǾΦ сΦн ƳƻŘŜƭƛƴƎ ǇƭŀǘŦƻǊƳ ŦƻǊ ǘƘŜ 
!ƭǇƘŀ ŀƴŘ .Ŝǘŀ ƳƻŘŜƭƛƴƎ ŀƴŘ 9t!Ωǎ нлмм ǾΦ сΦо ƳƻŘŜƭƛƴƎ ǇƭŀǘŦƻǊƳ ŦƻǊ ǘƘŜ DŀƳƳŀ ƳƻŘŜƭƛƴƎ ŀƴŘ ŀǊŜ 
based on the SPECIATE 4.4 database (Abt Associates 19 February 2014; Eyth et al. 2015; US EPA 2017)  

Spatial Allocation 
The spatial surrogates for the 12 km domain for both the United States and Canada were extracted from 
ǘƘŜ ƴŀǘƛƻƴŀƭ ƎǊƛŘ мн ƪƳ ¦Φ{Φ ƎǊƛŘŘƛƴƎ ǎǳǊǊƻƎŀǘŜǎ ǇǊƻǾƛŘŜŘ ǿƛǘƘ 9t!Ωǎ нлмм Ǿ. 6.2 modeling platform for 
the Alpha and Beta modeling and the v. 6.3 modeling platform for the Gamma modeling  (Adelman 1 
July 2015; Eyth et al. 2015; US EPA 2017).   

Temporal Allocation 
Lƴ Ƴƻǎǘ ŎŀǎŜǎ ŜƳƛǎǎƛƻƴǎ ŦƻǊ ǘƘŜ ǎŜŎǘƻǊǎ ǿŜǊŜ ŀƭƭƻŎŀǘŜŘ ǘŜƳǇƻǊŀƭƭȅ ƛƴ ǘƘŜ ǎŀƳŜ ŦŀǎƘƛƻƴ ŀǎ ŘƻƴŜ ƛƴ 9t!Ωǎ 
2011 v. 6.2 modeling platform for the Alpha and Beta modeling and in the v. 6.3 modeling platform for 
the Gamma modeling (Eyth et al. 2015).   Exceptions to this are ERTAC EGU in Alpha, Beta, and Gamma, 
and Non-ERTAC IPM EGUs and Non-EGU Point in Beta and Gamma.   

In the case of ERTAC EGU, the ERTAC code produces hourly EGU emissions that are grounded in the base 
year CEMS data.  As mentioned earlier, the hourly results were developed using ERTAC EGU to create 
the BY=FY run.  V. 1.01 of the ERTAC EGU code was used in all inventories. The input files were from 
ERTAC EGU v. 2.3 for the Alpha and Alpha 2 inventories, and from ERTAC EGU v. 2.5 for the Beta 
inventory.  In all cases they were post-processed using v. 1.02 of the ERTAC to SMOKE conversion tool.  
Given the fine level of detail that ERTAC EGU produces, the hourly ERTAC EGU results are used to 
temporalize EGUs in the modeling platform.  In order to include the temporalization during SMOKE 
processing, hourly ff10 files were produced by the ERTAC to SMOKE post processor in addition to the 
annual ff10 files. 

In the case of Non-ERTAC IPM EGUs and Non-EGU Point, some of the units were confirmed to be EGUs  
<25 MW (Small EGUs) through an MDE research project as outlined in Appendix A of the 
temporalization documentation (Ozone Transport Commission 10 November 2016).  The units were 
expected to be EGUs based on their SCC and NAICS, and further refinement to the list of EGUs occurred 
through a state comment period.  These units still function as EGUs, but produce too small an amount of 
power and emissions to be required to report hourly emissions to CAMD and thus are not temporalized 
through the ERTAC EGU process.  MDE has developed a temporalization profile using hourly data from 
units that burn the same primary fuel and do report to CAMD. The EMF tool was used to create hourly 
profiles for these units so that they operate during times when electricity demand is highest rather than 
at a steady rate throughout the year.  An example of a gas fired Small EGU in MD is shown in Figure 4-1 
and details on the profiles employed are in Appendix C of the documentation developed by MDE (Ozone 
Transport Commission 10 November 2016).  Examples of the change in daily emissions that result from 
the application of the temporal profiles on three HEDDs in 2011 are in Table 4-2. 

In order to develop the hourly ff10 files for the Small EGUs to process in SMOKE a multistep process was 
implemented.  First, default temporal profiles were developed using SMOKE (TREF and TPRO) and they 
were then imported into EMF.  Next, hourly ff10 files were produced in EMF using the imported profiles.  
MDE in conjunction with UMD completed this work. 
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It should be noted that EPA did undertake an approach to temporalizing some non-CAMD EGUs in the 
2011 v. 6.2 platform using average fuel-specific season-to-month factors for each of the 64 IPM regions 
(Eyth et al. 2015).  OTC decided our approach was an improvement because it contained a more 
expansive list of sources that should be temporalized that was confirmed by individual states.   

  

Table 4-2: Change in NOX emissions (tons) on selected episode days in July 2011 as the result of Small EGU temporalization 

 July 20 July 21 July 22 

MANE-VU 25 41 48 
LADCO 211 230 186 
SESARM 20 23 19 
CENSARA 83 42 38 
 

 

Figure 4-1: Comparison of temporalization of SMOKE defaults, MANE-VU gas temporal profile, and operational data from a typical gas fired 
Small EGU in MD   

 

 

SMOKE Processed Emission Results 
In order to quality assure that the outputs from SMOKE were properly distributed geographically and to 
develop a better understanding of the geographical and temporalization of emissions, we looked at daily 
emissions on a typical summer day (June 24, 2011) and during an ozone event (July 22, 2011).  We 
looked at NOX, VOC (with and without biogenic emissions) and SO2 gridded emissions.  Urban areas, 
interstates in rural areas, and shipping lanes are clearly distinguishable in the maps of NOX emissions 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

H
e

a
t 

In
p

u
t 
D

is
tr

ib
u

tio
n

 (
F

ra
c
tio

n
 o

f 
A

n
n

u
a

l V
a

lu
e

)
 

SMOKE Default Temporal Profile

MDE Temporal Profile- MANEVU Gas

MD Gas Small EGUs- 2011 Operational Data



 

 

                            4-20 

(Figure 4-2).  There are minor differences at this scale on a peak day where one can notice increases in 
some grid cells during the ozone event (Figure 4-3).  On a typical summer day, VOC emissions are higher 
as one looks further south, which is expected given the greater biogenic emissions, found in the 
southern forests (Figure 4-4).  It is quite noticeable how much VOC emissions increase on an ozone-
conducive day throughout the modeling domain (Figure 4-5).  When biogenic emissions are removed 
from the mapping there is little difference between a typical summer day and an ozone event, but one 
can clearly distinguish urban cores where the majority of anthropogenic VOCs are produced (Figure 4-6 
and Figure 4-7).  One can see the importance of point sources in terms of SO2 emissions and very minor 
increases throughout the modeling domain during an ozone event (Figure 4-8 and Figure 4-9). 

Additionally, summary tables of emissions by RPO, sector, and pollutant were outputted from SMOKE 
processing.  States in an RPO that are fully within the modeling domain are summed separately from 
states in an RPO outside of the modeling domain due to emission summaries not being available for 
states partially in the domain for many future years. These results are aggregated for the 2011 Alpha 2 
inventory in Table 4-3, the Beta inventory in Table 4-4, and the Gamma inventory in Table 4-5.  

Figure 4-2: MARAMA Alpha 2 NOX SMOKE Gridded Emissions (Typical 
Summer Day, June 24, 2011) 

 

Figure 4-3: MARAMA Alpha 2 NOX SMOKE Gridded Emissions (High 
Ozone Day, July 22, 2011) 
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Figure 4-4: MARAMA Alpha 2 VOC All SMOKE Gridded Emissions 
(Typical Summer Day, June 24, 2011) 

 

Figure 4-5: MARAMA Alpha 2 VOC All SMOKE Gridded Emissions (High 
Ozone Day, July 22, 2011) 

 

Figure 4-6: MARAMA Alpha 2 VOC Anthropogenic SMOKE Gridded 
Emissions (Typical Summer Day, June 24, 2011) 

 

Figure 4-7: MARAMA Alpha 2 VOC Anthropogenic SMOKE Gridded 
Emissions (High Ozone Day, July 22, 2011) 

 

Figure 4-8: MARAMA Alpha 2 SO2 SMOKE Gridded Emissions (Typical 
Summer Day, June 24, 2011) 

 

Figure 4-9: MARAMA Alpha 2 SO2 SMOKE Gridded Emissions (High 
Ozone Day, July 22, 2011) 
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Table 4-3: 2011 base case Alpha 2 emissions (tons) by pollutant and RPO for aggregated sectors from SMOKE processed emission reports 

Full State/ 
Partial 
State 

RPO ERTAC EGU 
 

Non-EGU 
Point & 
Small EGU 

Nonroad 
(including 
M/A/R) 

Onroad Non-point 
(including RWC 
& Refueling) 

Oil/Gas Other 
(including 
biogenic) 

Total 

NOX 
Full State MANE-VU  206,647   158,385   346,366   699,944   195,502   53,407   1,018   1,661,269  

LADCO  377,389   250,367   418,740   943,808   155,233   83,107   2,607   2,231,251  
SESARM  273,729   175,247   289,050   785,783   71,569   93,586   17,077   1,706,041  

Partial 
State 

LADCO  48,030   53,301   73,758   121,024   26,138   2,878   9,851   334,980  
SESARM  141,297   107,901   146,227   459,332   37,624   58,215   60,218   1,010,813  
CENSARA  476,036   325,158   711,395   1,150,395   143,345   626,084   116,659   3,549,072  
Canada   159,482   218,823   249,114   59,134     686,553  
US EEZ    517,740       517,740  
Interntnl.    9,170       9,170  

NOX Total  1,523,128   1,523,128   1,229,840   2,731,268   4,409,399   688,544   917,278   207,430  

VOC 
Full State MANE-VU  2,482   53,690   366,461   356,969   678,462   29,028   21,238   1,508,331  

LADCO  6,047   149,483   392,727   472,135   666,820   85,057   39,304   1,811,573  
SESARM  5,064   159,866   235,810   364,008   508,655   94,089   186,020   1,553,512  

Partial 
State 

LADCO  1,616   20,089   76,960   65,891   120,062   131   188,478   473,227  
SESARM  4,155   74,385   131,922   222,323   281,679   50,653   310,917   1,076,035  
CENSARA  11,975   209,440   269,531   497,121   875,210   1,520,510   1,635,856   5,019,642  
Canada   1,457   157,565   117,735   532,666     809,423  
US EEZ    14,792       14,792  
Interntnl.    330       330  

VOC Total  31,339   668,411   1,646,099   2,096,182   3,663,553   1,779,468   2,381,813   12,266,865  

SO2 
Full State MANE-VU  462,603   108,742   25,481   5,069   135,409   2,103   612   740,020  

LADCO  1,409,343   336,342   5,794   4,877   19,164   1,362   1,353   1,778,235  
SESARM  669,868   170,096   7,888   3,820   31,725   1,762   7,640   892,799  

Partial 
State 

LADCO  93,275   20,937   644   598   6,385   82   5,687   127,609  
SESARM  409,350   90,427   3,944   2,220   30,396   20,854   20,498   577,688  
CENSARA  1,087,853   324,686   23,579   5,594   44,155   21,060   58,760   1,565,688  
Canada   436,584   36,343   1,380   36,964     511,271  
US EEZ    50,654       50,654  
Interntnl.    5,775       5,775  

SO2 Total  4,132,292   1,487,814   160,102   23,559   304,198   47,222   94,551   6,249,738  

PM2.5 
Full State MANE-VU  17,952   28,839   27,585   26,839   161,721   1,676   27,277   291,889  

LADCO  61,377   53,855   31,401   34,096   156,230   1,518   130,498   468,975  
SESARM  43,808   41,690   20,724   24,271   96,005   2,100   110,274   338,871  

Partial 
State 

LADCO  6,537   15,190   5,866   4,407   43,681   29   91,489   167,199  
SESARM  23,368   37,514   10,706   14,186   87,149   1,342   273,774   448,038  
CENSARA  77,558   84,589   40,187   38,085   123,174   15,966   1,026,201   1,405,760  
Canada   25,777   16,908   8,934   105,607    323,474   480,700  
US EEZ    15,722       15,722  
Interntnl.    716       716  

PM2.5 Total  230,599   287,454   169,815   150,818   773,568   22,631   1,982,986   3,617,870  

NH3 
Full State MANE-VU  2,925   4,974   380   18,106   14,580   14   165,666   206,644  

LADCO  -     7,682   447   18,017   19,727   11   478,355   524,240  
SESARM  444   6,735   283   15,543   5,513   4   348,367   376,889  

Partial 
State 

LADCO  -     1,241   76   2,402   3,240   47   201,881   208,887  
SESARM  -     9,762   146   8,858   2,843   2   231,178   252,789  
CENSARA  -     22,208   1,121   19,701   17,123   52   1,366,962   1,427,166  
Canada   4,983   250   15,303   3,091    183,853   207,480  
US EEZ    -         -    
Interntnl.    -         -    

NH3 Total  3,369   57,585   2,702   97,929   66,117   129   2,976,263   3,204,094  

CO 
Full State MANE-VU  41,340   235,436   2,769,526   3,498,866   892,083   40,947   90,739   7,568,938  

LADCO  132,762   741,458   2,531,114   4,602,854   951,801   53,071   166,190   9,179,250  
SESARM  101,585   328,980   1,650,091   3,519,155   523,080   81,536   842,359   7,046,786  

Partial 
State 

LADCO  20,662   29,266   354,226   631,171   246,236   552   800,131   2,082,244  
SESARM  65,145   160,224   853,844   2,097,741   495,024   28,960   1,972,145   5,673,083  
CENSARA  201,076   412,960   1,820,066   4,791,071   783,366   474,018   6,907,096   15,389,654  
Canada   585,732   1,889,841   2,204,940   648,333     5,328,846  
US EEZ    83,618       83,618  
Interntnl.    778       778  

CO Total  562,570   2,494,057   11,953,104   21,345,799   4,539,922   679,085   10,778,661   52,353,197  

 



 

 

                            4-23 

Table 4-4: 2011 base case Beta emissions (tons) by pollutant and RPO for aggregated sectors from SMOKE processed emission reports 

Full State/ 
Partial 
State 

RPO ERTAC EGU 
 

Non-EGU 
Point & 
Small EGU 

Nonroad 
(including 
M/A/R) 

Onroad Non-point 
(including RWC 
& Refueling) 

Oil/Gas Other 
(including 
biogenic) 

Total 

NOX 
Full State MANE-VU  206,457   155,892   346,258   717,012   195,137   53,407   1,165   1,675,326  

LADCO  381,339   249,658   418,740   902,000   155,219   83,107   2,612   2,192,675  
SESARM  273,719   172,613   289,050   778,220   68,694   94,145   18,262   1,694,703  

Partial 
State 

LADCO  26,996   53,296   73,758   79,420   25,065   2,878   9,926   271,339  
SESARM  141,296   107,513   146,227   390,760   33,537   58,219   61,591   939,143  
CENSARA  491,941   323,997   805,686   284,258   127,522   626,557   127,577   2,787,538  
Canada   159,482   218,823   249,114   59,134     686,553  
US EEZ    517,740       517,740  
Interntnl.    9,170       9,170  

NOX Total  1,521,748   1,222,451   2,825,450   3,400,784   664,307   918,314   221,132   10,774,186  

VOC 
Full State MANE-VU  2,477   53,046   366,247   362,357   701,998   29,028   21,570   1,536,724  

LADCO  6,576   148,290   392,727   437,375   700,592   85,057   39,312   1,809,929  
SESARM  5,216   159,469   235,810   364,193   533,860   94,138   188,258   1,580,944  

Partial 
State 

LADCO  499   20,090   76,960   43,299   122,169   131   188,610   451,758  
SESARM  2,792   74,096   131,922   189,829   291,912   50,653   313,325   1,054,530  
CENSARA  10,069   208,963   327,909   109,269   879,881   1,520,538   1,654,955   4,711,584  
Canada   1,457   157,565   117,735   532,666     809,423  
US EEZ    14,792       14,792  
Interntnl.    1       1  

VOC Total  27,628   665,412   1,703,934   1,624,056   3,763,079   1,779,546   2,406,029   11,969,684  

SO2 
Full State MANE-VU  462,551   108,301   25,481   4,793   135,936   2,102   668   739,833  

LADCO  1,463,978   336,334   5,794   4,394   19,157   1,362   1,355   1,832,374  
SESARM  669,831   169,991   7,888   3,626   26,061   1,761   8,016   887,174  

Partial 
State 

LADCO  36,332   20,930   644   391   5,894   82   5,721   69,996  
SESARM  409,350   85,352   3,944   1,817   28,511   25,913   21,104   575,989  
CENSARA  1,088,313   324,666   23,801   1,071   38,551   21,060   62,176   1,559,638  
Canada   436,584   36,343   1,380   36,964     511,271  
US EEZ    50,654       50,654  
Interntnl.    5,775       5,775  

SO2 Total  4,130,355   1,482,158   160,324   17,473   291,074   52,279   99,040   6,232,703  

PM2.5 
Full State MANE-VU  17,987   28,669   27,582   27,133   159,622   1,676   27,816   290,486  

LADCO  49,075   53,709   31,401   30,690   156,199   1,518   130,509   453,100  
SESARM  36,920   41,614   20,724   23,652   90,434   2,107   113,554   329,004  

Partial 
State 

LADCO  2,562   15,190   5,866   2,960   41,492   29   91,658   159,757  
SESARM  12,623   37,192   10,706   11,934   78,532   1,345   274,952   427,284  
CENSARA  45,622   84,418   48,640   10,236   88,011   15,977   1,048,693   1,341,597  
Canada   25,777   16,908   8,934   105,607    323,474   480,700  
US EEZ    15,722       15,722  
Interntnl.    716       716  

PM2.5 Total  164,788   286,568   178,265   115,539   719,897   22,653   2,010,656   3,498,366  

NH3 
Full State MANE-VU  2,923   4,950   380   18,094   14,555   14   165,673   206,588  

LADCO  891   7,682   447   17,582   19,727   11   478,355   524,696  
SESARM  1,498   6,690   283   15,464   5,501   4   348,367   377,808  

Partial 
State 

LADCO  107   1,240   76   1,555   3,240   47   201,881   208,147  
SESARM  1,865   9,667   146   7,602   2,843   2   231,178   253,302  
CENSARA  6,488   22,207   1,223   4,131   14,549   52   1,392,026   1,440,676  
Canada   4,983   250   15,303   3,091    183,853   207,480  
US EEZ    216       216  
Interntnl.         

NH3 Total  13,772   57,419   3,020   79,732   63,507   129   3,001,334   3,218,912  

CO 
Full State MANE-VU  41,310   234,702   2,768,157   3,495,020   881,048   40,947   95,551   7,556,735  

LADCO  81,510   740,716   2,531,114   4,277,100   951,474   53,071   166,302   8,801,287  
SESARM  76,219   327,271   1,650,091   3,491,900   471,969   81,711   870,770   6,969,931  

Partial 
State 

LADCO  7,427   29,263   354,226   407,300   222,711   552   801,858   1,823,338  
SESARM  28,503   159,809   853,844   1,779,900   404,229   28,963   2,003,907   5,259,155  
CENSARA  199,495   412,002   2,279,704   985,507   434,457   474,162   7,145,277   11,930,605  
Canada   585,732   1,889,841   2,204,940   648,333     5,328,846  
US EEZ    83,618       83,618  
Interntnl.    778       778  

CO Total  434,464   2,489,495   12,411,373   16,641,667   4,014,221   679,407   11,083,666   47,754,292  
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Table 4-5: 2011 base case Gamma emissions (tons) by pollutant and RPO for aggregated sectors from SMOKE processed emission reports 

Full State/ 
Partial 
State 

RPO ERTAC EGU 
 

Non-EGU 
Point & 
Small EGU 

Nonroad 
(including 
M/A/R)*  

Onroad Non-point 
(including RWC 
& Refueling)*  

Oil/Gas Other 
(including 
biogenic) 

Total 

NOX 
Full State MANE-VU  206,457   155,892   344,671   717,012   194,924   53,405   1,165   1,673,526  

LADCO  381,339   249,658   416,060   902,000   155,054   83,106   2,612   2,189,829  
SESARM  273,719   172,613   287,687   778,220   68,606   94,145   18,262   1,693,252  

Partial 
State 

LADCO  26,996   53,296   73,317   79,420   25,038   2,878   9,926   270,872  
SESARM  141,296   107,513   145,531   390,760   33,499   58,219   61,591   938,408  
CENSARA  491,941   323,997   802,670   284,258   127,377   626,557   127,577   2,784,378  
Canada   318,964   218,823   249,114   118,199     905,100  
US EEZ    517,740       517,740  
Interntnl.    9,170       9,170  

NOX Total  1,521,748   1,381,933   2,815,668   3,400,784   722,698   918,311   221,132   10,982,273  

VOC 
Full State MANE-VU  2,477   53,046   369,537   362,357   703,086   29,028   21,570   1,541,101  

LADCO  6,576   148,290   397,467   437,375   721,835   85,057   39,312   1,835,912  
SESARM  5,216   159,469   238,561   364,193   571,496   94,138   188,258   1,621,331  

Partial 
State 

LADCO  499   20,090   77,797   43,299   122,071   131   188,610   452,497  
SESARM  2,792   74,096   133,346   189,829   291,611   50,653   313,325   1,055,653  
CENSARA  10,069   208,963   331,322   109,269   879,002   1,520,538   1,654,955   4,714,118  
Canada   2,914   157,565   117,735   1,064,690     1,342,904  
US EEZ    14,792       14,792  
Interntnl.    1       1  

VOC Total  27,628   666,869   1,720,389   1,624,056   4,353,791   1,779,546   2,406,029   12,578,308  

SO2 
Full State MANE-VU  462,551   108,301   25,477   4,793   135,783   2,102   668   739,675  

LADCO  1,463,978   336,334   5,788   4,394   19,144   1,362   1,355   1,832,354  
SESARM  669,831   169,991   7,885   3,626   26,017   1,761   8,016   887,126  

Partial 
State 

LADCO  36,332   20,930   643   391   5,888   82   5,721   69,988  
SESARM  409,350   85,352   3,942   1,817   28,477   25,913   21,104   575,953  
CENSARA  1,088,313   324,666   23,796   1,071   38,505   21,060   62,176   1,559,586  
Canada   873,168   36,343   1,380   73,883     984,775  
US EEZ    50,654       50,654  
Interntnl.    5,775       5,775  

SO2 Total  4,130,355   1,918,742   160,301   17,473   327,697   52,279   99,040   6,705,886  

PM2.5 
Full State MANE-VU  17,987   28,669   27,442   27,133   160,501   1,676   27,816   291,225  

LADCO  49,075   53,709   31,191   30,690   156,178   1,518   130,509   452,869  
SESARM  36,920   41,614   20,605   23,652   90,376   2,107   113,554   328,828  

Partial 
State 

LADCO  2,562   15,190   5,828   2,960   41,547   29   91,658   159,775  
SESARM  12,623   37,192   10,646   11,934   78,889   1,345   274,952   427,581  
CENSARA  45,622   84,418   48,400   10,236   88,291   15,977   1,048,693   1,341,637  
Canada   51,554   16,908   8,934   211,721    323,474   612,591  
US EEZ    15,722       15,722  
Interntnl.    716       716  

PM2.5 Total  164,788   312,345   177,458   115,539   827,502   22,653   2,010,656   3,630,942  

NH3 
Full State MANE-VU  2,923   4,950   378   18,094   14,552   14   165,673   206,584  

LADCO  891   7,682   445   17,582   19,725   11   478,355   524,691  
SESARM  1,498   6,690   282   15,464   5,500   4   348,367   377,805  

Partial 
State 

LADCO  107   1,240   76   1,555   3,239   47   201,881   208,146  
SESARM  1,865   9,667   145   7,602   2,843   2   231,178   253,301  
CENSARA  6,488   22,207   1,218   4,131   14,546   52   1,392,026   1,440,668  
Canada   9,966   250   15,303   6,181    183,853   215,553  
US EEZ    216       216  
Interntnl.         

NH3 Total  13,772   62,402   3,010   79,732   66,586   129   3,001,334   3,226,964  

CO 
Full State MANE-VU  41,310   234,702   2,766,259   3,495,020   880,902   40,947   95,551   7,554,690  

LADCO  81,510   740,716   2,536,119   4,277,100   951,341   53,071   166,302   8,806,159  
SESARM  76,219   327,271   1,650,188   3,491,900   471,790   81,710   870,770   6,969,848  

Partial 
State 

LADCO  7,427   29,263   354,389   407,300   222,691   552   801,858   1,823,481  
SESARM  28,503   159,809   854,236   1,779,900   403,996   28,963   2,003,907   5,259,314  
CENSARA  199,495   412,002   2,280,730   985,507   434,313   474,162   7,145,277   11,931,487  
Canada   1,171,464   1,889,841   2,204,940   1,296,264     6,562,509  
US EEZ    83,618       83,618  
Interntnl.    778       778  

CO Total  434,464   3,075,227   12,416,158   16,641,667   4,661,297   679,406   11,083,666   48,991,883  
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* Note: emissions from the nonroad and nonpoint for states partially in the domain were approximated based on Beta 2 emissions and the ration of 
Gamma/Beta 2 emissions for states fully in the modeling domain 
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Section 5. 8-hour Ozone/Regional Haze Modeling Using the CMAQ  and 
CAMx Modeling Platforms 

Air Quality Modeling Domain  
The modeling domain used in this application represented a subset of the EPA continental-modeling 
domain that covered the entire 48-state region with emphasis on the OTR. The OTC/MANE-VU modeling 
domain at 12 km horizontal mesh is displayed in Figure 5-1.  The 12 km domain used in this analysis 
includes the eastern US with a 172X172 mesh in the horizontal and 35 vertical layers, the same as WRF 
setup from surface up to 50 mb.  The same domain is used for CMAQ and CAMx Modeling. 

Initial/Boundary Conditions/Initial Conditions 
The same boundary conditions are used by CMAQ and CAMx modeling, though they differ in format 
depending on the modeling platform being used. 

Alpha, Alpha 2, and Beta/Beta2 Modeling 

The boundary conditions for the 12 km grid were developed from a 2.5 x 2.5 degree GEOS-Chem 
(version 8) global simulation produced by EPA for use in the 2011 modeling platform (Eyth et al. 2015).  
To address the transport of the pollutants through the boundaries, the GEOS-Chem data were used to 
develop the initial and boundary condition for the 2011 OTC modeling platform. The CMAQ simulations 
used a 15-day ramp-up period to wash out the effect of the initial fields.  

Gamma Modeling 

For Gamma modeling a new set of boundary conditions were created by running the CMAQ model on a 
national scale.  CMAQ modeling for the OTC domain previously relied on a GEOS-Chem boundary 
condition, which did not perform well, especially near the boundaries.  It is important to have accurate 
modeling of boundary conditions because source apportionment work has shown that boundary 
conditions are modeled to be a significant, and often the largest, contribution to ozone.   

Development of improved boundary conditions began ǿƛǘƘ 9t!Ωǎ нлмм 'el' platform and a CAMx run was 
conducted using the EPA CONUS domain (Figure 5-1) with the 3-D output option.  The 3-D results were 
then trimmed to remove the OTC 12km domain (also Figure 5-1) so that they can function as boundary 
conditions.  The run was completed using CAMx v. 6.3, WRFCAMx v. 4.4, 25 layers, and relied on 
emissions from EPAΩǎ нлмм ΨŜƭΩ ǇƭŀǘŦƻǊƳΦ 
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Figure 5-1: EPA and OTC 12 km modeling domains 

Ω 

Following the completion of the CAMx run for use as boundary conditions, two runs were completed for 
the purposes of testing the improvements in boundary conditions.  The first of these relied on the GEOS-
Chem boundary conditions used in Alpha and Beta modeling and the second of these relied on this new 
set of boundary condition data developed in CAMx.  Both of these runs were completed using CAMx v. 
6.3 and WRF-CAMx v. 4.6, with 25 layers and reprocessed 2011 EPA ΨŜƭΩ ŜƳƛǎǎƛƻƴǎΦ  ¢ƘŜ Ǌǳƴǎ ǿŜǊŜ 
completed for the time period from May 15 to June 30, with the days in May intended as a ramp up 
period. 

To determine the effect of switching boundary conditions, ozone contribution results were compared 
and on many days contribution by boundary conditions decreased substantially, in particular in the 
western portion of the domain as seen in Figure 5-2.   
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Figure 5-2: Difference in ozone contribution between Alpha/Beta (GEOS-Chem) and Gamma (CAMx 3-D) boundary conditions at 4 PM EST 
during June simulations. 

 

Vertical Layers 
Table 5-1 shows the values for each layer in the photochemical modeling platform, as well as in the 
meteorological model (WRF).  This layer set up was used in all modeling runs discussed.   

Table 5-1: Layers used by the photochemical model and meteorological model (WRF) 

CMAQ/CAMx Layers WRF Layers Sigma P Pressure (mb) Approximate Height (m AGL) 

25 35 0.00 50.00 17,556 
 34 0.05 97.50 14,780 
24 33 0.10 145.00 12,822 
 32 0.15 192.50 11,282 
23 31 0.20 240.00 10,002 
 30 0.25 287.50 8,901 
22 29 0.30 335.00 7,932 
 28 0.35 382.50 7,064 
21 27 0.40 430.00 6,275 
 26 0.45 477.50 5,553 
20 25 0.50 525.00 4,885 
 24 0.55 572.50 4,264 
19 23 0.60 620.00 3,683 
18 22 0.65 667.50 3,136 
17 21 0.70 715.00 2,619 
16 20 0.74 753.00 2,226 
15 19 0.77 781.50 1,941 
14 18 0.80 810.00 1,665 
13 17 0.82 829.00 1,485 
12 16 0.84 848.00 1,308 
11 15 0.86 867.00 1,134 
10 14 0.88 886.00 964 
9 13 0.90 905.00 797 
 12 0.91 914.50 714 
8 11 0.92 924.00 632 
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CMAQ/CAMx Layers WRF Layers Sigma P Pressure (mb) Approximate Height (m AGL) 

 10 0.93 933.50 551 
7 9 0.94 943.00 470 
 8 0.95 952.50 390 
6 7 0.96 962.00 311 
5 6 0.97 971.50 232 
4 5 0.98 981.00 154 
 4 0.99 985.75 115 
3 3 0.99 990.50 77 
2 2 1.00 995.25 38 
1 1 1.00 997.63 19 

 

Photochemical Modeling Configurations 

Alpha, Alpha 2, and Beta/Beta2 CMAQ Modeling 

CMAQ v. 5.0.2 was used for Alpha, Alpha 2 and Beta/Beta 2 modeling. Photochemical modeling was 
performed with the CCTM software that is part of the CMAQ modeling package. Version 5.0.2 of this 
modeling software was obtained from the CMAS modeling center (http://www.cmascenter.org).  
Module options are listed in Table 5-2.  It should be noted that the newer version of the gas phase 
chemical mechanism termed CB06 was not yet available in the CMAQ model at the time of this project. 

Table 5-2: Module options used in compiling the CCTM executable 

Horizontal advection: yamo Vertical advection: wrf Horizontal diffusion: multiscale 
Vertical diffusion: ACM2 Gas phase chemical mechanism: CB05 Biogenic Emission: BEIS 
Chemical solver: EBI Aerosol module: aero6  

 

The following files are saved as running CMAQ: 

¶ Layer 1 hourly-average concentration file (ACONC) which contains whole 154 species 

¶ Dry deposition file (DRYDEP) 

¶ Wet deposition file (WETDEP1) 

¶ Aerosol/visibility file 

Gamma and Gamma 2 CMAQ Modeling 

CMAQ v. 5.2 was used in the Gamma and Gamma 2 Modeling. Photochemical modeling was performed 
with the CCTM software that is part of the CMAQ modeling package. Version 5.2.1 of this modeling 
software was obtained from the CMAS modeling center (http:/ /www.cmascenter.org).  Module options 
are listed in Table 5-3.  There was no difference in the files saved for modeling from previous modeling. 

Table 5-3: Module options used in compiling the CCTM executable for Gamma Modeling 

Horizontal advection: yamo Vertical advection: wrf Horizontal diffusion: multiscale 
Vertical diffusion: ACM2 Gas phase chemical mechanism: CB06r3 Biogenic Emission: BEIS3 inline 
Chemical solver: EBI Aerosol module: aero6 Deposition velocity: m3dry 

 

CAMx-APCA Modeling 

Source apportionment modeling for future year 2023 used CAMx v. 6.40.  The modeling software was 
obtained from Ramboll-Environ (www.camx.com).  For consistency with the modeling conducted by 
EPA, the APCA option was applied instead of OSAT.  WRFCAMx v. 4.6 was used with 35 layers.  In 

http://www.cmascenter.org/
http://www.cmascenter.org/
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addition, all emissions (surface and elevated) were converted to point sources with kcell override except 
sea salts, which were supplied as 2-d surface emissions.  Other options used in the modeling are listed in 
Table 5-4 and the full script is available upon request. 

Table 5-4: Runtime options used in the MPI script 

ACM2: false Gas phase chemical mechanism: CB06r4 Biogenic Emission: BEIS 
Chemical solver: EBI Advection solver: PPM Aerosol module: aero6 
Probing tool: SA Dry deposition model: ZHANG03  
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Section 6. Model Performance and Assessment of 8-hour 
Ozone/Regional Haze Modeling  

Air Quality Model Evaluation and Assessment  
One of the tasks required as part of demonstrating attainment for the 8-hr ozone NAAQS is the 
evaluation and assessment of the air quality modeling system used to predict future air quality over the 
region of interest (EPA, 2014). As part of the attainment demonstration, the SMOKE/CMAQ and 
SMOKE/CAMx modeling systems were applied to simulate the pollutant concentration fields for the 
base year 2011 emissions with the corresponding meteorological information. The modeling databases 
for meteorology using WRF, the emissions using SMOKE, and application of CMAQ or CAMx provide 
simulated pollutant fields that are compared to measurements to establish credibility of the modeling 
system.  In the following section a comparison between the measured and predicted concentrations is 
performed and the results presented, demonstrating the overall utility of the modeling system in this 
application. 

The results presented here should serve as an illustration of the evaluation and assessment performed 
on both the base 2011 CMAQ and CAMx simulations.  Additional information can be made available by 
request from the New York State Department of Environmental Conservation. 

Simulations 

Base case CMAQ simulations were run using each of the 2011 base case inventories (Alpha, Alpha 2, 
Beta, and Gamma) and base case CAMx simulation was only run using Gamma.  Meteorology, boundary 
conditions, etc. were all held consistent in the base case simulations.  The chemistry mechanism was 
held consistent between the Alpha and Beta platforms, but was upgraded for the Gamma simulations. 

Summary of Measured Data 

The ambient air quality data for both gaseous and aerosol species for the simulation period were 
obtained from EPA AQS for ozone, AQS for PM2.5 mass, CSN and IMPROVE for PM2.5 speciation, and 
DISCOVER-AQ.  Measured data from all sites within the modeling domain are included here.  The model-
based data were obtained at the grid-cell corresponding to the monitor location and no interpolation 
was performed.  

Ozone  

Hourly ozone is measured at a large number of State, Local, and National Air Monitoring Stations 
(SLAMS/NAMS) across the US on a routine basis, and the data from 226 OTR and 427 non-OTR sites 
were extracted from the AQS database (https://aqs.epa.gov/api).  

Fine Particulate Matter (PM2.5) 

Federal Reference Method (FRM) PM2.5 mass data collected routinely at SLAMS/NAMS sites across the 
US and the data from 745 sites across the modeling domain were extracted from AQS. 

Fine Particulate Speciation 

The 24-hour average PM2.5 and fine particulate speciation (sulfate (SO4), nitrate (NO3), elemental carbon 
(EC), organic carbon/organic mass (OC/OM), and soil/crustal matter) from Class I areas across the US 

https://aqs.epa.gov/api
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collected every 3rd day were obtained from the IMPROVE web site 
(http://vista.cira.colostate.edu/IMPROVE).  Additionally, CSN speciated data was downloaded from the 
AQS system (https://www3.epa.gov/ttnamti1/speciepg.html).  Data from 58 IMPROVE sites and 127 CSN 
sites in the modeling domain were used in this analysis.   

DISCOVER-AQ 

Two research airplanes (a NASA P-3B and a UC-12) flew 14 days, sampling in coordination with ground 
sites, monitoring air quality in the Baltimore-Washington corridor in 2011.  The NASA P-3B spiraled over 
six ground stations in Maryland and the UC-12 used a LiDAR to observe "profiles" of particulate pollution 
in the atmosphere.  This data resource was predominantly used to inform a qualitative assessment of 
vertical ozone profiles. 

Evaluation of CMAQ predictions 

The following sections provide model evaluation information for the above referenced pollutants over 
the 12-km modeling domain.  Details on the formulas used in this section can be seen in Appendix A. 

Daily Maximum 8-hour Ozone Concentration 
Model evaluation statistics, based on daily maximum 8-hour average ozone levels on days having: (1) at 
least 10 valid observations, and (2) an observed daily maximum ozone concentration of at least 60 ppb, 
are presented here for all sites across the modeling domain.  The data covered the period from April 15 
through October 30.  Modeling results were computed using the Alpha2 platform.    There are 226 OTR 
and 427 non-OTR SLAMS/NAMS sites.  The use of the 60 ppb threshold focuses on model performance 
evaluation on the highest ozone days.  

Figure 6-1 and Figure 6-2 display daily averages of observed and predicted daily maximum 8-hour ozone 
concentrations averaged across all SLAMS/NAMS sites in the OTR and outside of the OTR, respectively.  
These averages were computed for each day and considered all sites, not just ones that met the 
threshold.  The dashed black line denotes 1:1, colored lines denote linear regression lines, and the green 
line denotes observed daily maximum ozone җсл ǇǇō.   

The overall tendency of CMAQ is to over-predict daily maximum ozone ς 63% of CMAQ values at OTR 
sites are higher than observed (Figure 6-1); 60% of CMAQ values at non-OTR sites are higher than 
observed (Figure 6-1).  However, at observed daily maximum ozone concentrations >60 ppb, CMAQ 
tends to under-predict ozone ς on such days 68% of CMAQ values at OTR sites are lower than observed, 
and  77% of CMAQ values at non-OTR sites are lower than observed.  The under-prediction in the OTR is 
less when solely looking at the 1st high maximum and the 4th high maximum (Figure 6-3). It is also less in 
the region outside of OTR for the 1st high maximum and the 4th high maximum (Figure 6-3). 

 

http://vista.cira.colostate.edu/IMPROVE
https://www3.epa.gov/ttnamti1/speciepg.html
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Figure 6-1: Comparison of daily maximum 8-hour ozone 
concentrations at OTR sites 

 

Figure 6-2: Comparison of daily maximum 8-hour ozone 
concentrations at non-OTR sites 

 

 

Table 6-1: Correlation coefficients for 1st and 4th highest maximum 8-hour ozone concentrations in 2011 base case modeling 

 1st highest maximum  4th highest maximum  

OTR 0.68 0.78 
Outside-OTR 0.31 0.38 
 

Figure 6-3: Comparison of 1st highest maximum (left) and 4th highest maximum (right) 8-hour ozone concentrations at OTR sites 

 

Figure 6-4: Comparison of 1st highest maximum (left) and 4th highest maximum (right) 8-hour ozone concentrations at non-OTR 
sites 
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CMAQ captured the observed temporal variation well (Figure 6-5).  CMAQ captured the observed 
temporal variation well with both Alpha 2 and Beta emissions with the Beta emissions yielding 
comparable 8-hour ozone results to Alpha2 emissions though in a few cases Beta results were slightly 
higher (Figure 6-5 and Figure 6-6). 

Figure 6-5: Observed versus predicted 2011 ozone concentration (ppb; mean ± 1 standard deviation) using Alpha 2 Inventory in the OTR 
where daily max was greater than 40 ppb 

 

 

Figure 6-6: Observed versus predicted 2011 ozone concentration (ppb; mean ± 1 standard deviation) using Beta Inventory in the OTR where 
daily max was greater than 40 ppb 

 

 

Geographically, the MFE is higher in New England than in the Mid-Atlantic OTR and much higher outside 
of the region, in particular in LADCO (Figure 6-7).  The Beta emissions showed less MFE compared to 
Alpha2 emissions, especially within the inner-OTR region (Figure 6-8). MFB are small and close to zero 
bias in the northeast region while in the LADCO region MFB is more negaǘƛǾŜ ƛƴŘƛŎŀǘƛƴƎ /a!vΩǎ ǳƴŘŜǊ-
prediction which may be caused by the boundary conditions (Figure 6-9). The Beta emissions also 
showed improvement in correcting the prediction bias, especially in the inner-OTR region (Figure 6-10). 
There are several monitors on the Atlantic coast, in particular along the Long Island Sound, that have a 
positive MFB, and the general under-prediction in the OTR is more prominent in southern New England.  
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Outside of the region MFB shows the most under-prediction in LADCO and CENSARA states.  MAGE is 
most prominent along the I-95 corridor and along Lake Erie, though the highest MAGE is seen at Mt 
Washington in New Hampshire (Figure 6-11).  Similar to MFE, the Beta emissions also indicated the 
improvement in reducing error by CMAQ predictions (Figure 6-12). MAGE is also higher outside of the 
OTR, in particular in the LADCO and CENSARA states. One potential reason for higher MFE and MAGE in 
the LADCO and CENSARA regions may be boundary conditions. 

Figure 6-7: MFE in daily max 8-hr ozone Alpha 2, 60 ppb threshold, Apr 
15-Oct 30; only monitors with 10 days greater than 60 ppb threshold 
(183 of 226 OTR sites; 372 of 427 non-OTR-sites) 

 

Figure 6-8: MFE in daily max 8-hr ozone Beta, 60 ppb threshold, Apr 
15-Oct 30; only monitors with 10 days greater than 60 ppb threshold 
(183 of 226 OTR sites; 372 of 427 non-OTR-sites) 

 
Note: When looking at MFE in the figures above, cooler colors (e.g. gray, blue, green) indicate better model performance. 

Figure 6-9: MFB in daily max 8-hr ozone Alpha 2, 60 ppb threshold, Apr 
15-Oct 30; only monitors with 10 days greater than 60 ppb threshold 
(183 of 226 OTR sites; 372 of 427 non-OTR-sites) 

 

Figure 6-10: MFB in daily max 8-hr ozone Beta, 60 ppb threshold, Apr 
15-Oct 30; only monitors with 10 days greater than 60 ppb threshold 
(183 of 226 OTR sites; 372 of 427 non-OTR-sites) 

 

Note: When looking at MFB in the figures above, warm colors (yellow and orange) indicate better model performance. 
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Figure 6-11: MAGE in daily max 8-hr ozone Alpha 2, 60 ppb 
threshold, Apr 15-Oct 30; only monitors with 10 days greater than 
60 ppb threshold (183 of 226 OTR sites; 372 of 427 non-OTR-sites) 

 

Figure 6-12: MAGE in daily max 8-hr ozone Beta, 60 ppb threshold, 
Apr 15-Oct 30; only monitors with 10 days greater than 60 ppb 
threshold (183 of 226 OTR sites; 372 of 427 non-OTR-sites) 

 

Note: When looking at MAGE in the figures above, cooler colors (e.g. gray, blue, green) indicate better model performance. 

Gamma Platform Improvements 

For the Gamma modeling platform several improvements were made and evaluated.  Firstly the 
chemistry mechanism was upgraded to CB6 from CB5.  Additionally, several inventory sectors were 
upgraded including onroad mobile (increased penetration of e-85 fuel and speciation updates), 
nonpoint, oil & gas, portable fuel containers, and agricultural fire sectors.  Finally, improvements were 
made to the way in which marine emissions were modeled. 

When comparing the MFE between Beta (Figure 6-13) and Gamma (Figure 6-14) one can see a decrease 
in error, in particular along I-95 corridor monitors in the OTR.  Monitors along the I-95 corridor see MFB 
that was negative in Beta (Figure 6-15) getting closer to 0 in Gamma (Figure 6-16).  Finally there are 
decreases in MAGE seen in Gamma (Figure 6-18) from what was modeled in Beta (Figure 6-17).  Overall 
the Gamma modeling platform would appear to be an improvement over the Beta platform in key 
locations in the OTR. 

Figure 6-13: MFE in daily max 8-hr ozone Beta, 60 ppb threshold, 
Apr 15-Oct 30; only monitors with 10 days greater than 60 ppb 
threshold  

 

Figure 6-14: MFE in daily max 8-hr ozone Gamma, 60 ppb 
threshold, Apr 15-Oct 30; only monitors with 10 days greater than 
60 ppb threshold  

 

Note: When looking at MFE in the figures above, cooler colors (gray, blue, green) indicate better model performance. 
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Figure 6-15: MFB in daily max 8-hr ozone Beta, 60 ppb threshold, 
Apr 15-Oct 30; only monitors with 10 days greater than 60 ppb 
threshold  

 

Figure 6-16: MFB in daily max 8-hr ozone Gamma, 60 ppb 
threshold, Apr 15-Oct 30; only monitors with 10 days greater than 
60 ppb threshold  

 

Note: When looking at MFB in the figures above, warm colors (yellow and orange) indicate better model performance. 

 

Figure 6-17: MAGE in daily max 8-hr ozone Beta, 60 ppb threshold, 
Apr 15-Oct 30; only monitors with 10 days greater than 60 ppb 
threshold  

 

Figure 6-18: MAGE in daily max 8-hr ozone Gamma, 60 ppb 
threshold, Apr 15-Oct 30; only monitors with 10 days greater than 
60 ppb threshold  

 

Note: When looking at MAGE in the figures above, cooler colors (gray, blue, green) indicate better model performance. 

In Figure 6-19 one can see how MFB, which tended negative in the Beta platform, improved overall 
compared to Gamma platform.  Figure 6-20 shows a similar comparison or MFE and one can see an 
overall reduction in MFE moving from the Beta to the Gamma platform. 
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Figure 6-19: MFB comparison between Gamma (y-axis) and Beta 
(x-axis) 

 

Figure 6-20: MFE: comparison between Gamma (y-axis) and Beta 
(x-axis) 

 

 

The data presented in Table 6-2 summarizes the 
improvements seen going from Beta to Gamma.  Every 
category saw an increase in the number of monitors 
meeting the performance statistics, both inside and outside 
of the OTR.    

Table 6-2: Summary statistics for MFE, MFB, and MAGE from the Beta and 
Gamma modeling platforms 

 aC9 Җ мр҈ μaC.μ Җ мр҈ a!D9 Җ мл ǇǇō 
Beta, all sites (n=553) n=346 n=441 n=371 
Gamma, all sites (n=553) n=395 n=483 n=407 
Beta, OTR sites (n=183) n=156 n=176 n=161 
Gamma, OTR sites (n=183) n=171 n=178 n=169 

 

To get an idea of the changes in the baseline results that impact RRF calculations you can examine 
Figure.  There are increases in ozone levels in some grid cells near the Chesapeake and Delaware Bays, 
decreases in ozone levels in the Atlantic, and increase in ozone levels north of and over Lake Erie. 

Finally, we can look at the improvements in modeled diurnal patterns.  Five key monitors with typically 
high ozone values were evaluated (Susan Wagner (Figure 6-22) and Babylon (Figure 6-23) in New York, 
Greenwich (Figure 6-24) and Westport (Figure 6-25) in Connecticut, and Edgewood (Figure 6-26) in 
Maryland).  The Gamma platform continues to follow the observed diurnal pattern at these five 
monitors with improvements seen on some days and less accurate predictions than Beta on others.  
Overall the Gamma platform appears to replicate the diurnal patterns equally as well as the Beta 
platform did at the five selected monitors. 
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Figure 6-21: Difference in Ozone Seasonal 8-Hour 
Maximum (Gamma ς Beta) 




























































































































































































































































































































