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CAMX 2014 NM OAI STUDY MODEL CONFIGURATION

• Episode:  May-August 2014

• 16-day spin-up  before first high ozone day in NM

o 68 ppb on May 17

• 36/12/4-km Modeling Domains

o 36/12-km domains same as WRAP Regional Haze

o New 4-km New Mexico domain

• Boundary Conditions (BC) WRAP 2014 GEOS-Chem

• Four Meteorological Diagnostic Sensitivity tests

o Selected WRF/NAM with Kv=CMAQ

• WRAP 2014v2 base year emissions

o EPA NEI2014v2 w/ western state updates

• WRAP 2028OTBa2 for future year w/ 2014 actual fires and new 2028 NM O&G
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CAMX OZONE SOURCE APPORTIONMENT TOOLS

• Ozone Source Apportionment Technology (OSAT)

o OSAT uses tagged species/reactive tracers to calculate 
contributions of VOC and NOx emissions from user-defined 
Source Groups to ozone concentrations that are VOC 
sensitive (O3V) and ozone concentrations that are NOx 
sensitive (O3N)

▪ Accounting system that operates in parallel to host model 
extracting ozone source apportionment information

▪ User-defined Source Groups can be Source Regions and/or 
Source Categories and includes all sources (including BCs) of 
ozone (e.g., on-road mobile sources from New Mexico)

o When ozone is formed, OSAT determines whether ozone 
formation is more sensitive to VOC or NOx emissions and 
allocates it to Source Group’s ozone tracers (O3V or O3N) 
based on the relative contribution of the more sensitive 
ozone precursor (VOC or NOx)

• 10 Reactive Tracers used for each Source Group

o Vi =VOC emissions

o NITi = Nitric oxide (NO) & nitrous acid (HONO) 
emissions

o RGNi = Nitrogen dioxide (NO2), nitrate radical 
(NO3) and dinitrogen pentoxide (N2O5)

o TPNi = Peroxyl acetyl nitrate (PAN), analogues of 
PAN and peroxy nitric acid (PNA)

o NTRi = Organic nitrates (RNO3)

o HN3i = Gaseous nitric acid (HNO3)

o O3Ni = Ozone formed under NOx-limited 
conditions from Ni

o O3Vi = Ozone formed under VOC-limited 
conditions from Vi

o OONi = Odd-oxygen in NO2 formed from O3Ni

o OOVi = Odd-oxygen in NO2 formed from O3Vi

4



CAMX OZONE SOURCE APPORTIONMENT TOOLS

• Anthropogenic Precursor Culpability Assessment (APCA)

o APCA differs from OSAT in that it only allocates ozone formed to the Natural (e.g., biogenic) Source 
Groups when it is due to Natural VOC reacting with Natural NOx

• For example, ozone formed due to biogenic VOC reacting with anthropogenic NOx under VOC emissions sensitive 
conditions, a case OSAT assigns to Natural Source Group O3V, APCA redirects ozone formed to anthropogenic 
Source Group O3N

o APCA provides more control strategy relevant information and is used in ozone contribution 
assessments, while OSAT provides information on whether ozone formation is more sensitive to VOC 
or NOx emissions

▪ APCA used in EPA’s Cross State Air Pollution Rule (CSAPR) to identify when an upwind state’s anthropogenic 
emissions contributes significantly to nonattainment in a downwind state

▪ APCA also used in NMED OAI Study 2028 Local Source APCA ozone source apportionment modeling

o If analyzing whether ozone formation is more sensitive to VOC or NOx emissions, then OSAT source 
apportionment or a sensitivity method (e.g., DDM/HDDM or Brute Force) must be used

▪ NM OAI Study 2028 VOC/NOx sensitivity OSAT ozone source apportionment modeling
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CAMX 2028 O&G CS SOURCE SECTOR APCA OZONE SA

• Definition of Source Groups

o Boundary Conditions (BCs) from WRAP 2014 
GEOS-Chem runs:

o BCIntl - International anthropogenic emissions

o BCUSA – U.S. anthropogenic emissions

o BCNatural – Natural sources

o BCTop – BC above the top of domain

o Source Categories (9):

1. Natural (biogenic, lightning NOx, etc.);

2. Fires (WF, Rx, Ag, other);

3. Oil and gas point sources (surrogate for midstream);

4. Oil and gas non-point sources (surrogate for upstream;

5. EGU point;

6. Non-EGU point;

7. On-road mobile;

8. Non-road mobile; and

9. Remainder anthropogenic.

o Source Regions (5):

▪ New Mexico

▪ Texas

▪ Colorado

▪ Remainder U.S.

▪ International (Mex, Can, CMV > 200 nmi)

o 50 Source Groups (50 = 5 x 9 + 5)
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REDUCTIONS 2028 OZONE DVFS NEW MEXICO SOURCE SECTORS

• 2028 ozone DVF Reductions from 
New Mexico Source Sectors

o O&G Point: -0.1 to -0.9 ppb 

o O&G Non-Pt: -0.1 to -2.1 ppb 

o EGU Point: 0.0 to -3.1 ppb

o Non-EGU Pt: 0.0 to -1.1 ppb

o On-Road: -0.1 to -2.7 ppb

o Non-Road: -0.1 to -1.9 ppb

o Other Anthro: 0.0 to -3.6 ppb
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SMAT UAA (DVC2012-2016) 2028 DVF NM SOURCE CONTRIBUTIONS



9

HIGHEST NEW MEXICO SOURCE SECTOR OZONE 
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2028 OZONE DVF NO INTERNATIONAL ANTHRO EMISSIONS

• 2028 ozone DVF projections using DVC2012-2016, DVC2015-2019 and DVC2017-2019

• Elimination of international anthropogenic emissions reduces 2028 ozone DVF by 13 to 25 ppb

• 2028 ozone DVF w/ no international anthropogenic emissions range from 38 to 53 ppb
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CAMX 2028 O&G CS OSAT OZONE SOURCE APPORTIONMENT

• Use the OSAT version of CAMx ozone source apportionment tool

o OSAT O3V and O3N tracers give indication of whether ozone formation is more VOC or NOx sensitive

• Definition of Source Groups

o Source Regions (5):

▪ Use same 5 Source Regions as APCA SA run

o Source Categories (3):

▪ Anthropogenic Emissions

▪ Natural (Biogenic, lightning NOx, WBD, oceanic)

▪ Fires (U.S. WF, Rx and Ag and other)

o 17 Source Groups (5 x 3 + 2 [IC,BC])

▪ Runs faster than CAMx APCA SA Run (50 Source Groups)

• Post-Processing

o Compare amount of ozone that is formed under more VOC sensitive vs. NOx sensitive conditions
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SPATIAL MAPS OF OSAT VOC/NOX OZONE SENSITIVITY

• Use O3N and O3V tracers from emissions-based Source Groups to determine amount 
of ozone formed under VOC sensitive versus NOx sensitive conditions:

o Percent NOx Sensitive Ozone Formation = 100 x O3N / (O3V + O3N)                  Scale Used →

• Daily spatial maps of MDA8 ozone concentrations and percent ozone formed under NOx 
emissions sensitive conditions

o Total MDA8 ozone from all Source Groups (O3V + O3N + O3BC)

▪ Boundary Condition (BC) ozone defined by 2014 GEOS-Chem run so no information on VOC/NOx 
sensitivity

o MDA8 ozone and percent NOx sensitive ozone for all emissions-based Source Groups

▪ (O3V + O3N) from anthropogenic, fire and natural emissions Source Categories and all 5 Source Regions

o MDA8 ozone and percent NOx sensitive ozone for all anthropogenic emissions Source Groups

o MDA8 ozone and percent NOx sensitive ozone for New Mexico anthropogenic emissions

▪ Provide control strategy relevant information on relative importance of New Mexico VOC and NOx 
emissions
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2028 OSAT SA RESULTS FOR MAY 17, 2014
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2028 OSAT SA RESULTS FOR MAY 26, 2014
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2028 OSAT SA RESULTS FOR MAY 28, 2014
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2028 OSAT SA RESULTS FOR JUNE 5, 2014
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2028 OSAT SA RESULTS FOR JULY 12, 2014
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2028 OSAT SA RESULTS FOR JULY 24, 2014
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2028 OSAT SA RESULTS FOR JULY 26, 2014
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2028 OSAT SA RESULTS FOR AUGUST 14, 2014
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PERCENT NOX SENSITIVE OZONE FROM NEW MEXICO 
ANTHROPOGENIC EMISSIONS ON 15 HIGHER OZONE DAYS
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DASHBOARD OF OSAT RESULTS AT MONITORING SITES

• Select display: monitoring site; 10 days to visualize (SMAT, 2028 1-10, 11-20, etc.); Source 
Categories (Anthro, Fires, Natural); Source Regions (NM, CO, TX, Remaining U.S. Intl.)

• Displays: Stacked Bar Charts of 10 days O3V and O3N; Pie Chart average across 10 days

• Cooler colors for NOx sensitive ozone, warmer coolers for VOC sensitive ozone
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SUBSTATION, SAN JUAN COUNTY – 10 SMAT DAYS

• Lots of day-to-day variation in ozone contributions and percent VOC vs. NOx sensitive ozone

• 70% - 90% NOx sensitive MDA8 ozone

All Source Categories and Regions                                  New Mexico Anthropogenic
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SOUTH EAST HEIGHTS, BERNALILLO COUNTY – 10 SMAT DAYS

• Lots of day-to-day variation in ozone contributions and percent VOC vs. NOx sensitive ozone

• Vast majority is NOx sensitive ozone, a little less VOC sensitive ozone than Substation

All Source Categories and Regions                                  New Mexico Anthropogenic
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DESERT VIEW, DONA ANA COUNTY – 10 SMAT DAYS

• Mostly NOx sensitive ozone, but more VOC sensitive than other sites due to El Paso

• New Mexico contributions NOx sensitive

All Source Categories and Regions                              New Mexico Anthropogenic
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CARLSBAD, EDDY COUNTY – 10 SMAT DAYS

• Mostly NOx sensitive ozone with New Mexico contributions even more NOx sensitive

All Source Categories and Regions                              New Mexico Anthropogenic
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CONCLUSIONS VOC/NOX SENSITIVE OZONE OSAT SA

• The OSAT source apportionment suggests that ozone formation leading to elevated ozone 
concentrations in New Mexico is primarily NOx sensitive

o Consistent with regional ozone modeling studies (e.g., OTAG) that found regional NOx emissions 
controls most effective at reducing regional ozone concentrations and ozone transport

▪ VOC controls can also be effective in urban areas and other areas with concentrated emissions

• There are locations and days when there are higher amounts of VOC sensitive ozone 
formation:

o San Juan Basin, El Paso-Juarez, Albuquerque and, to a lesser extent, Permian Basin

• The OSAT source apportionment provides a general indication of potential relative 
effectiveness of NOx vs. VOC controls for reducing ozone concentrations.  It is not a substitute 
for actual control strategy modeling with explicit emission reductions of targeted sources.

o Ozone formation is complex and reducing emissions changes the chemistry from the previous state 
that can cause non-linear responses in ozone concentrations
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