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EXECUTIVE SUMMARY

In 2025 T 2026, the New Mexico Environment Department (NMED) contracted with Ramboll

to conduct a Regional Ozone Source Apportionment Study. The study is being conducted in

two phases. Phase | was performed from April through June 2025 during Fiscal Year 202 5
(FY202 5). Phase | included 2022v1 base case and 2026v1 ozone source apportionment

modeling using the EPA 2022v1 12 km photochemical grid model (PGM) platform based on

the Comprehensive Air  -quality Model with extensions (CAMx) (Ramboll, 2025a,b).

Under Phase Il (FY202 6;July 11,2025 7 June 30, 2026 ), Ramboll developed a higher -
resolution CAMx 2022v2 12/ 4 km modeling platform using EPA 2022v2 emissions and is
conducting CAMx 2022v2 and 2032 12/ 4 km base case and ozone source apportionment
modeling. Ozone source apportionment modeling is being conducted and reported for the

full 4 km modeling domain, which includes all of New Mexico and portions of adjacent

states . Although results are obtained for the entire New Mexico 4 km domain, the focus is
on ozone contributions within the New Mexico portion of t he Permian Basin where the

largest ozone increases have occurred in recent years.

This report documents the development of the NMED Phase Il CAMx 2022v2 12/4 km
modeling platform and its model performance evaluation.

Permian Basin Ozone Concentrations

Figure ES -1 displays the ozone monitoring sites within the New Mexico 4 km modeling

domain and the 2005 7T 2024 trends in ozone design values (DVs) at the three ozone

monitoring sites located in the New Mexico portion of the Permian Basin in southeastern

New Mexico: Carlsbad City and Carlsbad Caverns in Eddy County , and Hobbs in Lea County.
In August 2018, U.S. EPA designated ozone nonattainment areas for the 70 ppb 2015 ozone
National Ambient Air Quality Standard (NAAQS) based on observed 2014 1 2016 ozone DVs,
which at the Carlsbad City and Hobbs monitoring sites were 67 ppb and 66 ppb,

respectively . Thisr esult ed in Eddy and Lea Counties being designated as attainment areas
under the 2015 ozone NAAQS.

Since 2017, ozone concentrations in the Permian Basin have increased, coincident with
increases in oil and gas (O&G) production in the region. By 2018, ozone DVs began
exceeding the 2015 ozone NAAQS (Figure ES -1, right panel).
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Figure ES -1. Locations of ozone monitoring sites within the New Mexico 4 km modeling
domain (left) and trends in observed ozone Design Values at monitoring sites within the
New Mexico portion of the Permian Basin (right).

Development of a CAMx 2022v2 12/4 km Modeling Platform

A CAMx 2022v2 12/4 km modeling platform was developed for the summer 2022 (May -
through mid -October ) modeling period. The 12 km grid resolution domain covered the
continental U.S. (CONUS; 12US2 domain) and the 4 km grid resolution domain included

New Mexico and portions of adjacent states, including the Permian Basin in Texas (Figure

ES-1, left panel). Meteorological inputs for the CAMx 2022v2 12/4 km platform were based

on a 2022 simulation of the Weather Research and Forecasting (WRF) meteorological model
(Ramboll, 2025c). Boundary conditions (BCs) for the lateral boundaries of the 12 km CONUS
domain w ere based on output from a CAMx 2022v2 North American 36 km domain

simulation, whose BCs were based on a 2022 simulation of the Hemispheric CMAQ global
chemistry model. Emissions for the CAMx 2022v2 12/4 km platform were based on the

National Emissions Collaborative ( NEC) 2022v2 Emissions Modeling Platform (EMP; EPA

2025). EPA processed the 2022v2 inventories to generate PGM model -ready emission inputs
for the 12 km CONUS domain that were used directly in the NMED CAMx 2022v2 12/4 km
modeling platform. The EMP 2022v2 emissions were processed using the Sparse Matri X

Operator Kernal Emissions (SMOKE) model to generate 2022 hourly gridded speciated CAMx
emissions inputs for the 4 km New Mexico domain and the summer of 2022.

CAMXx 2022v2 12/4 km Model Performance Evaluation

A CAMx 2022v2 12/4 km base case simulation was conducted, and the 4 km modeling

results were compared with concurrent routine ozone and NOx measurements as part of a
model performance evaluation. The modeling results were also evaluated against special

field stud i e szbne precursor measurements and satellite data.

Routine Ozone and NO x Model Performance Evaluation

The Phase Il CAMx 2022v2 4 km ozone model performance was compared with the Phase |

CAMx 2022v1 12 km results and was found to exhibit a larger ozone underestimation bias,

particularly in the Permian Basin. The cause of the lower ozone concentrations in the CAMx

2022v2 4 km results was traced to EPA6s correction of |
frac king engine emissions, for which N Ox emissions were overstated by 74% in the 2022v1

emissions inventory.

Ozone normalized mean bias (NMB) and normalized mean error (NME) metrics were
evaluated against commonly used ozone performance goal :
and performance criteria (NMB O N15©%praserdstid@®®xO 25 %) . F|

2


https://views.cira.colostate.edu/wiki/SiteSettings/Wiki/Index/11209
https://www.epa.gov/air-emissions-modeling/2022v2-emissions-modeling-platform
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2022v2 4 km NMB and NME performance metrics for maximum daily average 8 -hour
(MDAB8) and hourly ozone concentrations at monitoring sites within the New Mexico 4 km

domain. NMB symbols are shown in grey when the performance goal is achieved and in

yellow (ov erestimation) or green (underestimation) when the NMB fall between the
performance goal and performance criteria . MDA8 and hourly ozone NMB values at nearly all
sites in the New Mexico 4 km domain meet the bias performance criteri a, and many sites
meet the bias performance goal. MDAS8 o zone NME meets the error performance criterion at
all sites and meets the performance goal at more than 80% of sites in the New Mexico 4 km

domain.

Within the New Mexico portion of the Permian Basin, MDA8 ozone NMB falls between the
performance goal and performance criterion with an underestimation bias except for the

Carlsbad Caverns sites that just barely exceeds the bias performance criterion . MDAS8 o zone
NME meets the performance goal at the Hobbs site but falls between the performance goal

and performance criterion at the two Eddy County sites. Similar results are observed for

hourly ozone, although the hourly ozone NMB at Hobbs meets the performance goal.

03 UM 5 or ryn MUIED: k24224 for May1g_Qsi15

T

A

Figure ES -2. Spatial distribution of CAMx 2022v2 4 km NMB (left) and NME (right) MDAS8
(top) and hourly (bottom) ozone performance statistics for the May 10 through October 15,
2022 modeling period.

Figure ES -3 presents scatter plots and performance statistics for MDA8 ozone at four
monitoring sites in the Permian Basin. CAMx 2022v2 4 km exhibits normalized mean bias
(NMB) underestimation of 1T15.7% at the Carl
Caverns site in Eddy County, New Mexico, with most data points falling below the 1:1 line of
perfect agreement (Figure ES -3, top panels). The Hobbs site in Lea County shows an NMB of
1T9.5%, and Guadal upe Mountains Nati onalCotmyink , |

sbad

City

ocated

S

]
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Texas, shows an
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N Fgure ES -3, bditondt $anels ). At both of these sites, the

underestimation bias falls between the bias performance goal and performance criterion.
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Ground -level (tropospheric) ozone formation results from photochemical reactions between

volatile organic compounds (VOCs) and oxides of nitrogen ( NOx) in the presence of sunlight.
The photolysis of NO Wis the key atmospheric process for ozone formation in the

troposphere, whe n ultraviolet radiation splits NO: into nitric oxide (NO) and a highly reactive
oxygen atom [O(3P)]. The oxygen atom rapidly reacts with molecular oxygen ( 0O2) to form
ozone ( Os). The ozone titration reaction (NO + O3 Y NO2 + O2) can rapidly ¢ onvert ozone
back to NOz2, resulting in no net ozone formation. However, VOCs generate reactive radical

species that convert NO to NO:2 without destroying ozone leading to a net increase in ozone

concentrations. As a result, both NOx and VOCs are required for ozone formation. As part of
this evaluation, we ¢ ompar ed predicted and observed hourly ozone and NO:z concentrations ,
as it provides insight into the model & ability to represent observed ozone formation

processes .

Figure ES -4 presents a time series of predicted and observed hourly ozone and NO:2
concentrations at the Carlsbad City site for July 13 1 15, 2022. The model generally

reproduces the observed morning and early afternoon increase in hourly ozone

concentrations; however, later in the afternoon the modeled ozone increase levels off, while

ob served ozone continues to rise (e.g., see July 15 in Figure ES -4). Vertical lines in Figure
ES-4 indicate the approximate afternoon time when modeled and observed hourly ozone
concentrations begin to diverge. At these times, modeled hourly NO:2 concentrations
approach zero, while measured NO2 remains higher, which may allow observed ozone
formation to continue while insufficient modeled NO: limits simulated ozone production.
Several factors may contribute to the modeled ozone increase leveling off and to lower

modeled afternoon  ozone and NO:2 concentrations than observed , including:

A Understated N Ox or VOC or both emissions in the inventory

A Excessive vertical mixing in the model that dilutes near -surface ozone concentrations
and its precursors (e.g., NO32).

A Insufficient elevated ozone aloft available  thatis entrain ed into the mixed layer and

mixed down to the surface as afternoon mixing heights increase

Observed NO:2 concentrations near the instrument detection limit

Interference in NO 2 measurements from other reactive nitrogen species (e.g., PAN,

PNA, NO 3-, HNO 3).

> o
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Figure ES -4. Predicted and observed hourly ozone (top) and NO 2 (bottom) concentrations
at the Carlsbad City monitoring site on July 13 -15, 2022 for the current Phase Il CAMx
2022v2 4 km (red) , Phase | CAMx 2022v1 12 km (green) , and Phase | CAMx 2022v1 12/4

km flexinest (blue) base case simulations.

CAMx 2022v2 4 km Ozone Precursor Evaluation Against Special Field Study Data

The CAMx 2022v2 4 km modeling results were evaluated against VOC and NOx observations
collected during the 2021 Carlsbad Caverns Air Quality Study (CarCavAQS) and the Health
Effects Institute (HEI) 2023 measurement s collected in Loving, New Mexico (LNM) by

Boulder AIR. Figure ES -5 (left panel) shows the locations of the Carlsbad City, LNM, and
Carlsbad Caverns monitoring sites; the Carlsbad Caverns site is located slightly farther west
than shown in the figure. These sites are located near oil and gas (O&G) activities, as

indicate d by the cyan symbols representing active well locations and red symbols
representing satellite  -detected flaring, with the LNM site situated closer to O&G activity than
the Carlsbad Caverns site.

Because the special field measurement studies were conducted in different years (2021 and
2023) than the modeling period (2022), a model evaluation based on matched time and

location concentration comparisons, as performed for ozone and NOz, was not possible.
Instead, frequency distributions of predicted and observed ozone precursor concentrations

were compared matched by location  and under - or over -prediction was assessed by
evaluating differences inthe mean and median values of the predicted and observed
frequency distributions. An additional challenge in evaluating the field study VOC data is

that the CAMx model employs a lumped chemical mechanism, in which explicit VOC species



Ramboll i Ozone Source Apportionment Modeling for New Mexico Environmental Department i CAMXx 2022v2 Base Case Model
Performance Evaluation i Draft Final

are mapped to lumped species based on their reactivity , whereas the field studies measured
numerous explicit VOC species. As a result, the CAMx 2022v2 4 km simulation was

evaluated for eight explicit VOC species represented in the model 6s chemical mechani sm
that were also measured in the field studies, as shown in the right panel of Figure ES -5.

This summary presents evaluation results for ethane, propane, and benzene from the

CarCavAQS and LNM studies; results for the remaining VOC species are provided in the

main body of the report. Ethane and propane are indicators of O&G production, and

comparisons of modeled and measured concentrations provide information on the accuracy

of the Permian Basin O&G VOC emissions inventory. Benzene is a marker for gasoline

combustion and may provide insight into the accuracy of the mobile -source VOC emissions
inventory.

L 8 B &

CHg CH,

CHg CoHs

Oil & Gas tracer O&G tracer Gasoline combustion
(natural gas component) (gas processing/refining) tracer

@ bk b 2 A

ISOPRENE (ISOP) ACETONE (ACET) ACETALDEHYDE (ALD2)

Combustion tracer

CsHg CoHy (CH3),CO CH,CHO
Biogenic VOC Industrial chemical Solvent Naturally occurring
(vegetation emissions) compound aldehyde

Figure ES -5. Locations of Carlsbad City, Loving, NM and Carlsbad Caverns monitoring sites
(left) and 8 explicit VOC species used in the special field study model evaluation (right).

Figures ES -6 and ES -7 compare distributions of predicted and observed hourly ethane

(ETHA) and propane (PRPA) concentrations using box -and -whisker plots for the CAMx

2022v2 4 km base case and the 2021 CarCavAQS and 2023 HEI LNM field studies,

respectively. Inthe box -and-whisker plots, the box represents the interquartile range (IQR),
spanning the 25th to 75th percentiles, and the whiskers extend to the highest and lowest

values within 1.5 times the IQR. Circles above and below the whiskers indicate outlier s, and
the line within each box denotes the median.

At the Carlsbad Caverns site (Figure ES -6), observed ETHA and PRPA concentrations are
substantially higher than modeled values, with the 25th percentile of the observed

distribution approximately corresponding to the 75th percentile of the modeled distribu tion.
The maximum modeled ethane concentration (approximately 15 ppb) is below the 75th

percentile of the observed ethane concentrations (approximately 19 ppb).

Similar differences between modeled and observed ETHA and PRPA concentrations are seen
at the LNM site, consistent with the CarCavAQS results, only with observed and modeled
concentrations at LNM substantially higher than at Carlsbad Caverns . (Figure ES-7).
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Figure ES -6. Box and Whisker Plots of the predicted and observed distributions of hourly

Ethane (left) and Propane (right) concentrations at Carlsbad Caverns from the CarCavAQS

July 19 T August 19, 2021 field study and CAMx 2022v2 4 km July 17 T August 19, 2022
base ca se simulation.
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Figure ES -7. Box and Whisker Plots of predicted and observed distributions of hourly

Ethane (left) and Propane (right) concentrations at Loving, New Mexico from the HEI Study

Boulder Air May T October 2023 field study and CAMx 2022v2 4 km May I October 2022
base case s imulation.

Figure ES -8 compares predicted and observed benzene concentrations from the CarCavAQS
and HEI LNM field studies with results from the CAMx 2022v2 4 km base case. At the
Carlsbad Caverns site, observed benzene concentrations are higher than modeled values,

whi ch may be partially attributable to the monitords p
nearby roadways, whereas the model represents concentrations averaged over a 4 km grid

cell. At the LNM site, where roadways are more widely distributed within the 4 k m grid cell,

predicted and observed benzene concentrations show good agreement on average, although

the observed data exhibit a greater number of higher outliers.
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Figure ES -8. Box and Whisker Plots of predicted and observed distributions of hourly
Benzene concentrations at Carlsbad Caverns (left) and Loving, New Mexico (right) from the
2021 CarCavAQS and 2023 HEI Boulder Air studies and the CAMx 2022v2 4 km base case
simulation.

Table ES -1 summarizes differences between mean and median ethane, propane, and
benzene concentrations at the two sites, comparing modeled and observed values. As
expected, both observed and modeled concentrations are substantially higher, by factors of
app roximately 3 to 7, at the LNM site than at the Carlsbad Caverns site . At both sites,
observed ethane and propane concentrations are approximately five times higher than

modeled values. In contrast, benzene concentrations show good agreement at LNM, within
approximately 10 17 20%. At Carlsbad Caverns, observed benzene concentrations are
approximately a factor of two higher than modeled values on average, which is likely
attributable to grid - cell averaging in the model compared with the point measurement
located near roadways.

Table ES -1. Comparison of the Mean and Median Observed and Modeled Ethane, Propane
and Benzene concentrations (ppb) and their ratios (Observed/Modeled) from the

CarCavAQS and HEI Loving, NM field studies and the CAMx 2022v2 4 km base case

simulation.

CarCavAQS Model Observed Obs/Mod Ratio
Species N Mean Median Mean Median Mean Median
ETHA 563 25 1.9 13.0 10.1 5.2 5.2
PRPA 562 2.3 1.9 11.6 8.2 5.2 4.4
BENZ 561 0.07 0.05 0.17 0.11 24 2.2
Loving, NM Model Observed Obs/Mod Ratio
Species N Mean Median Mean Median Mean Median
ETHA 3385 14.6 9.9 79.3 39.1 5.4 3.9
PRPA 3385 11.3 7.2 50.2 25.0 4.4 35
BENZ 3385 0.49 0.29 0.58 0.32 1.2 1.1
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Evaluation Of CAM x 2022v2 4 km Base Case Against Satellite Data

The CAMx 2022v2 4 km vertical column density (VCD) predictions for formaldehyde (HCHO)

and nitrogen dioxide (NO  2) were evaluated against measurements from the TROPOspheric
Monitoring Instrument (TROPOMI) satellite. TROPOMI provides measurements over New
Mexico once per day in the afternoon, and retrievals can be affected by measurement
interferences such as cloud co  ver. As a result, longer  -term averaging periods are used for
comparison, although additional uncertainty still remains in satellite observations

Figure ES -9 compares satellite -derived and CAMx - predicted VCD HCHO, along with their
differences, over the Permian Basin for the period from May 14 through September 30,
2022. Despite the nearly five -month averaging period, the TROPOMI HCHO spatial

distrib ution remains pixelated, illustrating the uncertainty in the satellite measurements and
their interpretation. Both the satellite -derived and modeled HCHO VCD show elevated
concentrations in oil and gas (O&G) regions of southern Eddy and Lea Counties, as we Il as

across the border in Texas. The TROPOMI spatial patterns suggest that the CAMx model
may be overstating HCHO concentrations in these areas.

May 14 - Sep 30 2022
CAMx HCHO VCD Mean TROPOMI HCHO VCD Mean A HCHO VCD (CAMx - TROPOMI)
] S 1 , d i Fa T Co=el -

Sl R L RS B sy

0 2 4 6 8 -4 -2 0 2 4
(x10% molecules/cm?) (x10% molecules/cm?)

Figure ES -9. Figure ES -9. Comparison of CAMx modeled (left) and TROPOMI satellite
(middle) VCD HCHO concentrations and their differences (right) over the Permian Basin for
May 14 1 September 30, 2022.

Figure ES -10 presents an analysis analogous to Figure ES -9, but for NO 2 vertical column
density (VCD). Elevated NO 2 levels associated with areas of intensive oil and gas (O&G)
development in southern Eddy and Lea Counties are evident in both the CAMx model results

and the TROPOMI satellite observations. In contrast, TROPOMI reports higher NO2z VCD than
the model across the  border inthe Texas portion of the Permian Basin. This difference is
illustrated in the right panel of Figure ES -10, where blue shading indicates locations in which
modeled NO 2 VCD are lower than those reported by TROPOMI in the Texas region adjacent

to Eddy and Lea Counties. These results suggest that O&G NO x emissions may be

understated in the Texas portion of the Permian Basin.

10
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Figure ES -10. Comparison of CAMx modeled (left) and TROPOMI satellite (middle) VCD NO

2

concentrations and their differences (right) over the Permian Basin for May 14 i September
30, 2022.
Several studies have proposed using the formaldehyde -to-NO: ratio (FNR) to indicate
whether ozone formation is more sensitive to N Ox emissions (i.e., N Ox reductions more
effectively reduce ozone concentrations than VOC reductions) or more sensitive to VOC
emissions (i.e., VOC reductions are more effective, and N Ox reductions may increase ozone
concentrations). Ozone formation is rarely exclusively N Ox -sensitive or VOC -sensitive, as
sensitivity can vary by day and within a given day, with conditions typical ly being more
VOC-sensitive in the morning and becoming more N Ox -sensitive later in the afternoon.
Based on FNR threshold ranges reported in the peer -reviewed literature, the following
shading scheme was developed for plotting FNR values in this report

A Black (0.0 < FNR < 1.0): clearly VOC -sensitive

A Dark blue (1.0 < FNR < 2.1): likely VOC -sensitive but possibly transitional

A Purple (2.1 <FNR < 3.2): likely transitional but possibly VOC -sensitive

A Light blue (3.2 < FNR < 4.1): transitional

A Yellow (4.1 < FNR < 5.0): likely N Ox-sensitive

A Orange and red (FNR > 5.0): clearly N Ox- sensitive

Figure ES -11 compares FNR values derived from CAMx and TROPOMI, as well as their
differences, across the Permian Basin. TROPOMI indicates a larger area of potentially
VOC-sensitive and transitional ozone formation regimes within the oil and gas portions of

the Permi an Basin than indicated by the model. This suggests that the model may
understate the potential benefits of VOC emission reductions for decreasing ozone
concentrations in the Permian Basin.

11
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Figure ES -11. Comparison of CAMx modeled (left) and TROPOMI satellite (middle)
formaldehyde to NO 2 ratios (FNR) and their differences (right) over the Permian Basin for
May 14 1 September 30, 2022 period.

The TROPOMI five -month average VCD HCHO and NO 2 were gridded to the New Mexico

4 km modeling domain, and a statistical comparison was performed between the CAMx and
TROPOMI VCD HCHO and NO: results. As noted previously, TROPOMI VCD HCHO tended to
be higher than the modeled  -derived values, a pattern that was also evident in the statistical
comparison. In contrast, comparison of VCD NO:2 was co nfounded by the higher spatial
resolution of the CAMx 4 km model, which produced higher VCD NO: values in grid cells
containing major  NOx point sources compared to the lower -resolution TROPOMI
measurements.

Figure ES -12 compares CAMx and TROPOMI VCD  NO2 within the New Mexico and Texas

portions of the Permian Basin for 4 km grid cells that include oil and gas (O&G) NOx
emissions greater than 0.02 tons per day (TPD). In the New Mexico portion of the Permian

Basin, there is generally good agreement between the modeled and TROPOMI VCD NO: at
locations associated with O&G NOx emissions (Figure ES -12, left panel). Several 4 km grid
cell locations show higher CAMx VCD NO: values, which are likely associated with NOx point

sources (e.g., midstream O&G facilities) and reflect the finer spatial resolution of the CAMx
model relative to TROPOMI. In contrast, within the Texas portion of the Permian Basin, the

model generally underestimates TROPOMI VCD NO: at locations with O&G emissions, except
for a small number of grid cells where CAMx values are higher due to the finer horizontal
resolution. These results suggest that O&G NOx emissions may be understated in the Texas

portion of the Permian Basin.

12
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-12. Comparison of TROPOMI satellite versus CAMx 2022v2 4 km base case VCD

NO , concentrations for the New Mexico (left) and Texas (right) portions of the Permian

Basin in 4 km grid cells with O&G NO

CAMXx Sensitivity Test Modeling
Seven CAMx 2022v2 12/4 km sensitivity tests

investigate potential causes of the afternoon underestimation of ozone and

x emissions greater than 0.02 TPD.

(Sensl i Sens7) were conducted to
NO:2 on select

days. Both meteorological and emissions sensitivity tests were performed, with a focus on
model performance in the Permian Basin. While results were generated for the full New
Mexico 4 km modeling domain, Permian Basin monitoring sites exhibited some of the

highest observed ozone concentrations and the largest ozone underestimation bias.
-day episode from June 28 through July 17, 2022,

sensitivity analyses focused on a 20

The

during which approximately 40% of the observed ozone exceedances occurred at the

Carlsbad City monitoring site.

Three meteorological sensitivity tests were performed. The first two tests (Sens1 and
Sens2) evaluated alternative approaches for representing vertical mixing in CAMx, as

excessive vertical mixing could dilute near
modeled afternoon

- surface concentrations and result in over
NO:2 concentrations, thereby limiting ozone photolysis and subsequent

ozone formation. These vertical mixing sensitivity tests did not produce appreciable changes

in ozone or NOWN model

performance.

cover in the New Mexico 4 km domain. Because excessive cloud cover can attenuate solar
radiation and reduce photolysis rates, this test examined whether cloud representation

limited ozone formation. The no
ozone and NO 2 concentrations.

-cloud - cover sensitivity test als

o had little effect on modeled

Four emissions sensitivity tests were conducted to evaluate the effects of increased O&G
emissions in the Permian Basin on ozone, VOC, and

0&G emissions in the New Mexico portion of the Permian Basin

NOx performance. Three tests increased
(NM PB) and one increased

O&G emission in the Texas portion of the Permian Basin (TX PB)

A Sens3: three times O&G NOx emissions in NM PB .

A Sens4: three times O&G VOC emissions

in NM PB .

ly low

10

T @ remdvad clabd met eor ol o«
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A Sens5: three times O&G NOx and VOC emissions in NM PB .
A Sens7: three times O&G NOx and VOC emissions in TX PB.

Figure ES -13 shows time series of hourly ozone and NO:z concentrations at the Carlsbad City
site for the New Mexico Permian Basin O&G emissions sensitivity tests during July 8 711,
2022. Increasing New Mexico Permian Basin O&G NOx emissions, with or without concurrent

VOC increases (Sens3 and Sensb), resulted in improved hourly ozone performance.
However, nighttime  NO2 concentrations were overestimated in both Sens3 and Sens5, and

modeled afternoon  NO:2 concentrations remained lower than observed, although hig her than
in the 2022v2 base case. Increasing New Mexico Permian Basin O&G VOC emissions alone

(Sens4) had a smaller effect on hourly ozone and NO:2 concentrations but produced a
noticeable increase in ozone when combined with increased O&G NOx emissions (Sensb).
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Figure ES -13. Time series of predicted and observed hourly ozone (top) and NO 2 (bottom)
concentrations at Carlsbad City monitoring site, June 30 T July 3, 2022, and the New Mexico
Permian Basin O&G emissions sensitivity tests: Base Case (orange); Sens3 (3 x NM PB O&G
NO x; red); Sens4 (3 x NM PB O&G VOC,; blue), and Sens5 (3 x NM PB O&G NO x and VOC;
green).

Scatter plots and performance statistics for MDA8 ozone concentrations at the Carlsbad City

site for the New Mexico Permian Basin oil and gas (O&G) emissions sensitivity tests are

presented in Figure ES -14. For the CAMx 2022v2 12/4 km base case and the Sen s4
simulation (  NM PB O&G VOC increases only), MDA8 ozone values for all days fall below the

1:1 line of perfect agreement. When New Mexico Permian Basin O&G N Ox emissions are
increased by a factor of three, improved MDAS8 ozone performance is observed, with some
points above the 1:1 line. The best MDA8 ozone performance occurs when both O&G N Ox
and VOC emissions are increased (Sensb).

14
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i CAMXx 2022v2 Base Case Model

The MDAS8 ozone normalized mean bias (NMB) at Carlsbad City for the CAMx 2022v2 4 km

base
NMB remains at approximately
alone (Sens4)
increased (Sens3) . When both New Mexico Permian Basin O&G N

case is 114%, wh i

The NMB

ch

increased by a factor of three, the NMB is reduced to
goal, an d the MDA8 ozone scatter plots span the 1:1 line of perfect agreement (Figure
ES- 14, lower right panel).
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i CAMXx 2022v2 Base Case Model

The observed and predicted frequency distributions of hourly ethane and propane

concentrations at Loving, New Mexico (LNM) are compared in Figure ES
2022v2 base case and the Sens5 sensitivity test

-15 for the CAMx

(3xNM PB 0O&G NOx and VOC emissions ).

The CAMx 2022v2 base case underestimates observed ethane and propane concentrations

during the 20
three, respectively.

-day sensitivity test modeling period

by approximately a factor of
When NM PB O&G NOx and VOC emissions are increased by a factor of

four and

three, agreement with the observations improves substantially, with ethane and propane

concentrations underestimated by approximately a factor of 1.5
and 20%, respectively

an underestimation of about 50%

and 1.2 , corresponding to
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Figure ES -15. Comparison of the frequency distribution of the predicted and observed
(orange) hourly Ethane (left) and Propane (right) concentrations at Lovin, New Mexico site
for the CAMx 2022v2 base case (blue) and 3 times NM PB O&G NO

Sens5 sensitivity test.

x and VOC emissions

In contrast, increasing NM PB O&G VOC emissions by a factor of three results in

overestimation of benzene and ethene concentrations at LNM (Figure ES

that the under

stated O&G VOC emissions

in the Permian Basin

-16). This suggests
is likely not associated with

gasoline combustion
as emissions from

T related sources but may instead reflect other O&G VOC sources, such

venting, flashing and

leakage. Increasing NM PB O&G N

Ox emissions by a

factor of three also leads to overestimation of observed NO and N

indicating that NM PB O&G N Ox emissions are not under

emissions.

O2 concentr ations at LNM,

stated to the same degree as VOC
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Figure ES -16. Comparison of the frequency distribution of the predicted and observed

(orange) hourly Benzene (left) and Ethene (right) concentrations at Lovin, New Mexico site

for the CAMx 2022v2 base case (blue) and 3 times NM PB O&G NO x and VOC emissions
Sens5 sensitivity test.

Scatter plots comparing predicted and observed MDAS8 ozone concentrations for the 2022v2

4 km base case and the Sens7 sensitivity (3XxTXPB O&G NOx and VOC emissions ) are

shown in Figure ES -17 for the Carlsbad City and Hobbs monitoring sites. Increasing Texas

0&G emissions improves MDA8 ozone performance at both sites located within New Mexico.

At Carlsbad City, the MDA8 ozone NMB underestimation is reduced from 1
and the NME decreases from 14.4% to 8.7%. At Hobbs, the MDAS8 ozone NMB is reduced

from 1T13.9% to 1T7.3%, and the NME is reduced from 13. 9
improvements in model performance are observed for hourly ozone concentrations at both

sites, with lower NMB and N ME values when Texas O&G emissions are increased.
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Figure ES -17. Scatter plots of predicted and observed MDA8 ozone concentrations and

performance statistics at Carlsbad City (top) and Hobbs for the CAMx 2022v2 4 km base

case (left) and Sens7 3 times Texas Permian Basin O&G NO

x and VOC emissions (right).

Figure ES -18 compares the frequency distributions of predicted and observed hourly ethane

and propane concentrations at LNM, based on the 2023 HEI Boulder A
and the CAMx 2022v2 4 km base case and Sens7 sensitivity. Increasing T

IR monitoring data
X PB 0&G

emissions reduces the CAMx underestimation of ethane concentrations at LNM from
approximately a factor of four to a factor of three and reduces the underestimation of

propane from approximately a factor of three to a factor of two during the 20 -day sen sitivi ty
test period. These results indicate that missing T exas O&G VOC emissions in the Permian

Basin likely contribute to the substantial CAMx ethane and propane underestimation bias at
New Mexico Permian Basin ozone sites but are not the sole cause. Missing O&G VOC
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emissions from the New Mexico portion of the Permian Basin in the 2022v2 emissions
inventory are also likely contributing to the modeled underestimation of the observed
ethane and propane  concentrations
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Figure ES -18. Comparison of the frequency distribution of the predicted and observed

(orange) hourly Ethane (left) and Propane (right) concentrations at Lovin g, New Mexico
site for the CAMx 2022v2 4 km base case (blue) and 3 times Texas Permian Basin 0O&G NO x
and VOC emissions Sens 7 sensitivity test.

Summary and Conclusions of NMED CAMx 2022v2 12/4 km Base Case and
Sensitivity Modeling

The Phase Il New Mexico Environment Department (NMED) regional ozone source

apportionment study  developed a high resolution CAMx 2022v2 12/4 km modeling platform
that when evaluated with available observations, resulted in slightly degraded ozone model
performance compared with the Phase | CAMx 2022v1 12 km simulation . The Phase Il base
case modeling showed larger ozone underestimation bias compared to the Phase |

modeling . The increase in underestimation bias was attributable to erroneously too high N Ox
em issions from O&G drilling and frac king engines in the 2022v1 emissions inventory, which

were corrected in the 2022v2 emissions platform.

The CAMx 2022v2 12/4 km base case simulation achieved the ozone bias performance

criterion at nearly all monitoring sites in New Mexico and achieved the bias performance
goal at numerous sites. On many days, the increase in  modeled hourly ozone  concentrations
closely matched observed ozone in the morning and early afternoon but leveled off later in

the afternoon, while observed ozone continued to increase. This behavior resulted in

underestimation of observed afternoon highest  hourly ozone concentrations. D uring these
periods, modeled afternoon N O2 concentrations frequently approached zero, whereas

measured NO 2 concentrations were higher. This discrepancy may explain the continued

observed hourly ozone rise in the afternoon  when modeled ozone levels plateau. Several
factors may contribute to the stalled modeled afternoon ozone increase associated with low

modeled NO 2 concentrations, including excessive vertical mixing, understated NO x and/or
VOC emissions, insufficient ozone aloft available for entrainment as afternoon mixing

heights increase (e.g., from upwind sources such as Mexico and boundary conditions), or

other processes. Additionally, lower modeled NO 2 concentrations relative to observations

may reflect measurement int erference from other reactive nitrogen species (e.g., PAN, PNA,
HONO, HNO 3) or observations near instrument detection limits.
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The CAMx 2022v2 12/4 km base case results were evaluated against ozone precursor (VOC

and NO x) observations at two sites near Carlsbad City: Carlsbad Caverns and Loving, New

Mexico (LNM). Observed ethane and propane concentrations, which primarily originate from

0O&G production in the Permian Basin, were underestimated by approximately a factor of

five. Acetone, a solvent also used in O&G operations, was similarly underestimated. Other

VOC species were underestimated to a lesser degree, and some showed reaso nable
agreement, such as benzene at LNM, which is a marker for gasoline combustion. These

findings indicate that O&G VOC emissions in the Permian Basin are likely understated in the
2022v2 emissions inventory, consistent with reports of excess emissions from O&G sources

in the region.

Meteorological sensitivity tests examining vertical mixing and cloud cover did not result in
appreciable changes in ozone or NO 2 model performance.  Emissions sensitivity tests that
increased NO x and/or VOC O&G emissions in either the New Mexico or Texas portions of the
Permian Basin led to substantial improvements in ozone model performance at Permian

Basin monitoring sites, with the best ozone performance achieved when both NO x and VOC
0O&G emissions were increased. There are documented excess emissions fro m O&G sources
in the Permian Basin that are not included in the 2022v2 emissions inventory, and likely
additional unreported excess emissions are also likely present.

Overall, the CAMx 2022v2 12/4 km base case simulation demonstrates some skill in
reproducing observed ozone concentrations in New Mexico, achieving peer -reviewed ozone
bias and error performance criteria at most sites and performance goals at many sites,

despite an underestimation bias that is most pronounced in the Permian Ba sin. Itis
recommended that the 2022 and 2032 ozone source apportionment modeling proceed using

the CAMx 2022v2 12/4 km modeling platform, considering the likelihood that O&G

emissions in the Permian Basin are understated in the 2022v2 emissions inventory when

interpreting the modeling results.
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1.0 INTRODUCTION

In 2015, EPA promulgated a new 70 ppb ozone National Ambient Air Quality Standard

(NAAQS). The new ozone NAAQS use s an ozone Design Value (DV) , defined as the three -
year average of the fourth highest Maximum Daily Average 8 -hour (MDAS8) ozone
concentration , asthe metric for comparison with the 70 ppb threshold. EPA designated
ozone nonattainment areas (NAA) under the 2015 ozone NAAQS using the 2014 -2016 ozone
DVs on August 3, 2018

1.1 Ozone Concentrations in the Permian Basin

The Permian Basin is currently the most active producing oil and gas (O&G) basin in the

U.S. The Permian Basin covers areas that include  southeast New Mexico (NM) and west ern
Texas (TX). In New Mexico, most of the Permian Basin  O&G production is within Eddy and
Lea Counties. In 2022, three ozone monitoring sites were operating in Eddy and Lea
Counties:

9 Carlshad Caverns (35 -015-0010), 727 Carlsbad Caverns Highway, Eddy County.

I Carlsbad City (35-015-1005), 2811 Holland St., Carlsbad, Eddy County.
9 Hobbs ( 35-25-0008), 2320 N. Jefferson St., Hobbs, Lea County.

Figure 1-1 displays the ozone DV trends at the three monitoring sites in Eddy and Lea

Counties forthe period of 2005 to 202 4. The currently active Carlsbad Caverns monitor has
been in operation since 2019 and did not report a 2014 -2016 ozone DV when NAAs were
designated . The Carlsbad City and H obbs 2014 -2016 ozone DV s were, respectively, 67 and

66 ppb, which were below the 70 ppb NAAQS resulting in  Eddy and Lea Counties  being
designated as attainment areas under the 2015 ozone NAAQS. However, since then there
has been increases in ozone at the two sites such that by 2023 the C arlsbad City and H obbs

monitoring sites had ozone DVs of, respectively, 78 and 71 ppb that violate the 2015 ozone
NAAQS. In fact, the C arlsbad City site in Eddy County has been violating the 70 ppb 2015

ozone NAAQS since 2018 and has been violating the 75 ppb 2008 ozone NAAQS since 2019.
Although the Eddy County Carlsbad Caverns monitor only has  three valid years of ozone
DVs, it confirms the high ozone trends showed atthe nearby Carlsbad City site as both had

nearly identical ozone DV s for 2022 -2024 .
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Figure 1-1. Ozone D esign Value trendsfor20 05-202 4 atthe C arlsbad Caverns
(350150010) and Carlsbad City ~ (350151005) monitors in Eddy County and the H obbs
(350250008) monitor in Lea County.

1.2 Purpose

The New Mexico Environment Department (NMED), Air Quality Bureau (AQB), seeks to
understand the causes of, and potential mitigation strategies for, elevated ozone
concentrations within the New Mexico portion of the Permian Basin. To support this effort,
NMED/AQB contracted Ramboll to conduct ozone source apportionment modeling to
estimate the contributions of emissions from New Mexico and other regions to ozone
concentrations in New Mexico, with a particular focus on the contribution of oil and gas
emission s to ozone levels in the New Mexico portion of the Permian Basin. This work is
organized into two phases:

1 Phase | (FY2025): The first phase was  conducted between mid  -April and June 30,
2025 and used the Comprehens ive Air -qual ity Model with extensions (CAMX)
photochemical grid model (PGM) with the existing EPA CAMx 2022v1 12 km

modeling platform . CAMx 12 km simulations were conducted fora 2022v1 base case

and a 2026 vl future year , the latter invoking 0zone source apportionment. Phase |
also conducted summer 2022 4 km high resolution WRF meteorological modeling

that was used to develop a higher resolution CAM X 2022 4 km modeling platform
use in Phase ll. Phase | produced several Excel Dashboards th at display the
contributions of emissions from Source Categories and Source Regions to MDA8

0zone concentrations at monitoring sites in New Mexico and adjacent regions and

three main reports:

I 2026 Ozone Source Apportionment Modeling for the Permian Basin using the
2022v1 Modeling Platform T 2022v1 Model Evaluation and 2026v1 Source
Apportionment Results (Ramboll, 2025 b).

1 WRF 2022 4 km Modeling for New Mexico and Model Performance Evaluation
(Ramboll, 2025 c).

1 Preliminary CAMx 2022 4 km Ozone Model Performance Evaluation Using New
WRF 2022 4 km Meteorological Inputs (Ramboll, 2025 d).
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1 Phase ll (_FY2026): Phase Il started in July 2025 and ends in June 2026 and
developed a n enhanced CAMx summer 2022 12/4km modeli ng platform with a
higher resolution 4 km grid covering New Mexico and adjacent areas . Emissions for
the CAM x 2022v2 12/4 km platform were based on EPAG6s 2022v2 emissions
inventory. CAMx 2022v2 12/4 km modeling platform ozone source apportionment
modeling will be conducted using the 2022 and 2032 emission years and
documented in future reports and dashboard s. To date, Phase Il has produced two
re ports:

1 Conceptual Model of Ozone Formation in New Mexico with a Focus on the
Permian Basin (Ramboll, 2026a).

1 Ozone Source Apportionment Modeling for the New Mexico Environmental
Department -- CAMx 2022v2 4 km Base Case Model Performance Evaluation
(this report).

1.3 Conceptual Model of Ozone Formation in New Mexico

At the outset of the NMED Phase Il ozone source apportionment modeling study, Ramboll
prepared a report dated January 2026 describing the Conceptual Model of ozone formation

in New Mexico, with particular emphasis on the Permian Basin. Key findings from th e
Conceptual Model report are summarized below, with additional detail provided in Ramboll
(20264a).

Development of the Conceptual Model included analyses of ozone and precursor trends
based on surface ambient measurements and satellite observations, emissions trends,
relationships between elevated ozone and meteorology, weekend ozone behavior as an
indic ator of N Ox/VOC sensitivity, climate anomalies, impacts of wildfire smoke on ozone,
prior ozone modeling studies, special field study measurements conducted in the Permian
Basin, and other supporting analyses.

Factors influencing ozone pollution vary geographically across New Mexico. Analyses of

ambient ozone trends and satellite -based trends in ozone precursors show distinct regional

patterns. Accordingly, the Conceptual Model was organized by region, with a fo cus on the

Permian Basin. In the New Mexico portion of the Permian Basin, observed ozone

concentrations have increased by at least five ppb over the past two decades. This increase

has led to a substantial rise in 0zone exceedance days at the Carlsbad City monitor, from

fewer than six days per year during 2007 1 2016 to more than seventeen days per year

during2018 12024 (excluding 2020). Ambient surface NOW conce
an important ozone precursor, have increased rapidly since 2017, a tre nd that is supported

by satellite NOW observations.

Figure 1-2 presents trends in Carlsbad City ozone design values alongside Permian Basin oil

and gas production ' and New Mexico oil and gas ozone precursor emissions (N Ox and VOC)
2, Production estimates and precursor emissions are normalized to 2017 values, such that

2017 corresponds to 100 %, earlier years are generally lower, and subsequent years are

generally higher. The year 2017 represents a pivotal point in the rapid increase of oil and

gas production in the Permian Basin, and Figure 1-2 illustrates the corresponding increases

From U.S. Energy Information Administration: Crude Oil Production: Permian million barrels per day and Marketed (Wet) Natural
Gas Production: Permian billion cubic feet per day

22009 through 2020 estimates from EPA Trends, 2022 estimate from EMP OG emissions, 2021 interpolated between 2020 and
2022.
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in New Mexico ozone precursor emissions and ozone design values at the Carlsbad City
monitor, which is located near major oil and gas development areas. Taken together, these

i CAMXx 2022v2 Base Case Model

trends provide circumstantial evidence that increasing ozone concentrations in th e New
Mexico portion of the Permian Basin are associated with increased oil and gas production.
Ozone Design Value, Oil and Gas Production and Emissions Trends for New Mexico
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Figure 1-2. Trends in Carlsbad City ozone D esign Value (red scaled by right y -axis) and

Permian Basin O&G production and New Mexico O&G ozone precursor emissions (left axis

normalized to 100% in 2017).

Per the Bureau of Land Management Carlsbad Field Office oil and gas emissions projections
are expected to remain elevated through 2032 across all evaluated scenarios (BLM, 2024).
Previous photochemical grid modeling studies for the Permian Basin region have
underestimated peak ozone concentrations. While the specific causes of this

underestimat

the region have collected additional VOC and N

ion are not fully understood, they are likely attributable in part to understated
oil and gas (O&G) emissions. In recent years, air quality measurement field campaign

Ox observations, which were used to support

more detailed model performance evaluations for the NMED Phase || modeling effort.

Across New Mexico, all ozone monitoring sites share the common characteristic that

transported ozone  from outside New Mexico

contributes substantially to observed

concentrations on most days. The highest local ozone formation typically occurs during hot

summer conditions associated with high

- pressure systems or ridg

westerly winds without excessive precipitation from the summer monsoon. In southern New
Mexico, including Dofla Ana County and surrounding areas, peak ozone concentrations
commonly occur during transport from the south, with contributions from El Paso, Texas;
Ciudad Juérez, Mexico; and other international sources. In southeastern New Mexico,
including Eddy and Lea Counties, ozone concentrations reflect contributions from Permian
Basin O&G emissions superimposed on substantial background transport. In northwestern
New Mexico, ozone levels are influenced by O&G emissions from the San Juan Basin, local

electric generating unit emissions, and transported ozone. Ozone concentrati

Bernalillo County and adjacent areas are affected by emissions from Albuquerque, the

statebs | argest

metropolitan

area, in addit.i

sin

e that suppress synoptic

ons at sites in

on
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1.4 Approach Overview
Below we provide a summary of the Phase || CAMx 12/4 km modeling approach.

14.1 Episode Selection

The summer 2022 was selected for the NMED ozone source apportionment modeling due to
the availability of 2022 emissions and EPA& 2022 modeling platform , and presence of
elevated ozone concentrations in the Permian Basin

Table 1-1 liststhe observed MDAS8 ozone concentrations  during 2022 that exceed the 70

ppb 2015 ozone NAAQS  at the three New Mexico sites in the Permian Basin The MDAS8
ozone concentrations in Table 1-1 are colored red if they exceed the 75 ppb 2008 ozone
NAAQS, yellow if they are between 70 and 75 ppb  , and green if they are between 68 ppb
and 70 ppb. In 2022, there were 28 days that exceed the 70 ppb 2015 ozone NAAQS and
11 days that exceed the 75 ppb 2015 ozone NAAQS for atleast one of the three monitoring
sites in the New Mexico portion of the Permian Basin. 2022 was a high wildfire year in New
Mexico ; New Mexico had the largest wildfire in the contiguous U.S. in 2022. The last column

in Table 1-1 lists the density of smoke in the Permian Bason on each 2022 ozone

exceedance days based on the NOAA Hazard Mapping System ( HMS) Fire and Smoke
Product.

The CAMx 2022v2 12/4 base case simulations were run forthe period of May 1 through
October 15, 2022, that encompasses almost all the 2022 ozone exceedance days in the
Permian Basin . May 1 -10, 2022 was used as a model spin -up period.

1.4.2 Domain Selection

The NMED CAMx ozone source apportionment modeling used a 12/4 km two -way nested
domain structure with the 12 km domain being the same 12 US2 continental U.S. domain as
used in EPAG6s modandinntge Rhasalt GAMx 2022v1 12 km modeling . The
4 km grid resolution domain covered all of New Mexico and portions of adjacent states

stretching far enough into northwest Texas to include all the Permian Basin O&G activity.
Figure 1-3 displays the CAM x 12/4 km domains.
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Figure 1-3. CAMx 12 km CONUS (blue)and 4km New Mexico (red) modeling domains
used in the CAMx 2022v2 12/4 km modeling platform.

1.4.3 EMISSIONS Inputs and the EMP 2022v2 Modeling Platform

The CAMx 2022v2 12/4 km modeling platform base case emissions were based on the

National Emissions Collaborative ( NEC) 2022v2 Emissions Modeling Platform (EMP). The

2022v2 EMP is documented in the 2022v2 emissions inventory technical support document

(TSD; EPA, 2025 ). EPA processed the 2022v2 inventories to generate CAMx and CMAQ

model -ready emission inputs for the 36 km North American (not shown) and 12 km

Continental United States (CONUS) domains ( Figure 1-3). The EMP 2022v2 model -ready

emissions for the 36/ 12 km domains were downloaded via EPAG6s Open Data Program ¢
and used in the Phase Il CAMx 12/4 km modeling.

The 2022v2 emissions were processed using SMOKE to generate 4 km domain 2022 hourly
gridded speciated CAMx emiss  ions inputs for the 4 km New Mexico domain. Chapter 3
provides details on the SMOKE emissions modeling to generate CAMx 2022v2 emission

inputs for the New Mexico 4 km domain.
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2022 observed MDAS8 ozone at the three New Mexico monitoring sites in the

Permian Basin ondays when any one of the sites measures an exceedance of the 70 ppb
2015 ozone NAAQS. The HMS smoke density over the Permian Basin is also indicated
last column
Carlsbad Carlsbad
Local Name: Caverns City Hobbs HMS
County: Eddy Eddy Lea Smoke
Site ID: 350150010 | 350151005 | 35-025-0008 Density
4/30/2022 70 73 53 LightMedium
5/3/2022 71 72 56 None
5/14/2022 64 71 63 Light
5/15/2022 68 71 50 LightMedium
5/16/2022 71 79 55 LightMedium
5/26/2022 71 73 70 LightMedium
5/27/2022 60 74 59 MediumHeavy
5/30/2022 72 72 72 Light
6/4/2022 51 59 74 Light
6/9/2022 72 71 52 Light
6/10/2022 71 69 54 Light
6/15/2022 68 69 50 Light
6/29/2022 81 77 75 Light
6/30/2022 69 71 69 Light
7/1/2022 78 76 69 Light
71212022 72 75 68 Light
718/2022 85 72 66 None
71912022 71 71 62 Light
7/10/2022 71 67 61 Light
7/11/2022 83 79 65 Light
7/13/2022 71 74 66 Light
7/14/2022 71 71 68 Light
7/15/2022 76 78 75 Light
8/12/2022 86 84 70 Light
8/13/2022 84 83 67 Light
8/14/2022 78 80 62 Light
8/24/2022 71 66 56 None
9/8/2022 83 NA 68 Light
10/13/2022 65 76 64 None
#Exceedances 21 23 4

in the

27



Ramboll i Ozone Source Apportionment Modeling for New Mexico Environmental Department i CAMXx 2022v2 Base Case Model
Performance Evaluation i Draft Final

1.4.4 2022 12/4 km Meteorological Inputs

The WRF meteorological model was run for the sum mer of 2022 using 36/12/4 km nested
domains . The WRF 2022 12/4 km  output was processed to generate CAM  x 12/4 km
meteorological inputs. Chapter 2 summarizes the WRF 2022 meteorologi cal modeli ng with
details provided in the WRF 2022 applicati on/evaluation report (Ramboll, 2025c).

145 CAMx 2022 v2 12/4 km Base Case Modeling

A CAMx 2022v 2 12/4 km base case simulationw  as performed for the period of May 1
through October 15, 2022. A preliminary ozone model performance evaluation was

conducted and found that the Phase Il CAMx 2022v2 12/4 km ozone performance was

degraded compared to the Phase | CAMx 2022v 1 12 km simulation . The CAMx 2022v2 12/4
km simulation had a larger ozone underestimation bias than CAM x 2022v1 12 km

simulation , especially at sites in the Permian Basin portion of New Mexico. The cause of the
degradation of the  o0zone underestimation bias in the CAMx 2022v2 12/ 4 km simulation was
mainl y due to a decrease in the New Mexico 2022v2 Non -Point O&G NO x emissions by 40%
between the 2022v1 and 2022v2 emission inventories. The 2022v2 EITSD (EPA, 2025)

notes that an error was corrected in the O&G drill rig and frac king engine emissions that
reduced their NO x emissions by 74%  between the 2022v1 and 2022v2 emission inventories
which is believed to be the cause of the larger ozone underestimation bias in the Phase II

CAMx 2022v2 12/4 km simulation compared to the Phase | CAMx 2022v1 12 km simulation

1.4.6 CAMx 2022v2 12/4 km Model Performance Evaluation

The CAMx 2022v2 12/4 km base case simulation results were evaluated against concurrent
surface ozone and NO x observations. The ozone and NO  x model performance evaluation is
presented in Chapter 4. The CAMx 2022v2 12/4 km base case modeling results were also
compared against special field study ozone precursor ( VOC and NO x) measurements
collected at Carlsbad Cavern National Park in 2021 and Loving , New Mexico in 2023. The
VOC evaluation is presented in Chapter 5. The CAMx 2022v2 12/4 km base case was also
compared against satellite data that is presented in Chapter 6.

1.4.7 CAMx 2022v2 12/4 km Sensitivity Modeling

CAMx 2022v2 12/4 km sensitivity tests were performed for meteorology (i.e., vertical
mixing and cloud cover) and O&G emissions in the Permian Basin that is discussed in
Chapter 7.
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2.0 DEVELOPMENT OF 4 KM METEOROLOGICAL INPUTS
FOR THE CAMX 2022V2 12/4 KM MODELING PLATFORM

During Phase | of the NMED ozone source apportionment modeling study, Ramboll

conducted meteorological modeling for the 2022 summer period using the Weather

Research and Forecasting (WRF) meteorological model, Advanced Research WRF (ARW)

core. WRF was used to provide the 2022 12/4 km meteorological inputs required by CAMXx.

WRF is a mesoscale numerical weather prediction system designed to ser ve both operational
forecasting and atmospheric research needs (Skamarock et al., 2019). Details on the WRF

2022 12/4 km application and model performance evaluation are provided in the Phase |
WRF modeling report (Ramboll, 2025c) with a summary presented below.

2.1 WRF 2022 12/4 km Model Configuration

Meteorological inputs for the New Mexico CAMx application were developed from a summer

2022 WRF simulation on a 4 km grid covering New Mexico, west Texas, small portions of
surrounding states including Colorado, Oklahoma, Kansas, Arizona and Utah and small

portion of Mexico (  Figure 2-1). The 4 km WRF grid was nested within a 12 km grid

resolution domain covering the continental U.S. (CONUS) equivalent to that used by EPA to

develop meteorological inputs for the 2022 12US2 modeling platform (MP). The 4 km grid

aligns with the 12US2 grid with sufficient extent to fully include the 4 km CAMx modeling

grid while maintaining the 5 -grid point buffer recommended in EPAOS
modeling guidance (EPA, 2018). The WRF vertical grid structure used 35 vertical layers that
was identical to the  EPA 2022 MP ( Table 2-1). Ramboll applied most of the same science
configuration, inputs, and application methodology as in the NMED Ozone Assessment

Initiative (OAI) modeling (Ramboll and WESTAR , 2021 a,b). We changed the source of
boundary conditions and analyses fields for data assimilation to the European Center for

Medium -Range Weather Forecasts (ECMWF) Reanalysis v5 (ERA5) as in more recent years

we have found superior WRF performance using this datas et in other western U.S.
applications, especially for atmospheric moisture. We also used the WRF default MODIS -
based landcover datasets to define terrestrial surface conditions. Details on the WRF

configuration are listed in Table 2-2.
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Figure 2-1. Extent of the 4 km WRF domain covering New Mexico, Western Texas and
portions of the surrounding states. The domain meshes with the 2022 EMP 12US2 grid.
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Table 2-1. WREF vertical grid structure for the EPA 2022 MP and the current
2022v2 12/4 km model application.

Layer eta Pressure (mb) Height (m)

35 0.00 50 20576
34 0.05 98 16297
33 0.10 146 13766
32 0.15 194 11961
31 0.20 243 10555
30 0.25 291 9372
29 0.30 339 8337
28 0.35 387 7416
27 0.40 435 6583
26 0.45 483 5822
25 0.50 532 5120
24 0.55 580 4467
23 0.60 628 3857
22 0.65 676 3284
21 0.70 724 2743
20 0.74 763 2331
19 0.77 792 2033
18 0.80 821 1744
17 0.82 840 1555
16 0.84 859 1370
15 0.86 878 1188
14 0.88 898 1010
13 0.90 917 835
12 0.91 927 748
11 0.92 936 662
10 0.93 946 577
9 0.94 955 493
8 0.95 965 409
7 0.96 975 326
6 0.97 984 243
5 0.98 994 162
4 0.985 999 121
3 0.990 1004 81
2 0.995 1008 40
1 0.9975 1011 20
0 1.0000 1013 0

i CAMXx 2022v2 Base Case Model

NMED CAMx
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Table 2-2.
modeling.

WRF configuration for the NMED WRF 2022 12/4 km meteorological

Model Component

Specifications and Datasets

Model Code

WRF v4.6.1

Modeling Period

May 1 i October 16, 2022

Application

Chain of 5 -day segments

Horizontal Grid

Map Projection

Lambert Conic Conformal

Projection Center -97"'N/40 "W

True Latitudes 33'Nand45 "N

Grid Points 255 x 237

SW Corner coordinate -1212, -1140

NE Corner coordinate -192, -192
Vertical Grid

Layers 35, up to 50 hPa (~20 km AGL)

Coordinate Default hybrid eta coordinate
'gg:}ﬂﬁg:s”dary ECMWF Reanalysis V5 (ERAS)

Nudging Analyses

ECMWF Reanalysis v5 (ERA5)

Landcover

Moderate Resolution Imaging
Spectroradiometer - International Geosphere

Biosphere Programme (MODIS  -IGBP)
Sea Surface Fleet Numerical Meteorology and
Temperature Oceanography Center Sea Surface
P Temperatures (FNMOC SST)

Lightning Data None
Physics

Short/Longwave Rapid Radiation Transfer Model - Global
Radiation (RRTMG)

Resolved Clouds Thompson microphysics

Surface Model Noah

Surface Layer MM5 Similarity

Boundary Layer Yonsei University (YSU)

Sub -grid Clouds Multiscale Kain -Fritsch
Data
Assimilation/Nudging

3-D Wind 3x10 “# st (all layers) 12  -km grid only

3-D Temperature

3x10 4 s'1 (above PBL) 12 -km grid only

3-D Moisture 1x10 -5 st (above PBL) 12 -km grid only
Nuit;ri;agce Analysis None

Observation Nudging None

Soil Nudging None

Lightning Assimilation None
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2.2  WRF Model Performance Evaluation

The WRF summer 2022 4 km simulation was evaluated against surface meteorological

measurements using quantitative performance statistics as well as a qualitative evaluation

by comparing spatial maps of WRF precipitation estimates with precipitation maps bas ed on
observations.

2.2.1 Surface Meteorological Model Performance Evaluation

WRF model performance was evaluated against routine airport observations within the WRF

4 km grid modeling domain during May -October 2022. WRF was evaluated for surface
temperature, humidity, and winds across all sitesin the entire 4 km modeling domain and
within f ive groups of airport monitoring sites. These groups are identified by symbol color in
Figure 2-2.
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Figure 2-2. Locations of surface airport meteorological monitoring sites within the WRF
modeling domain. The legend indicates station grouping for the WRF subregional
evaluation.
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Performance statistics of bias and error were calculated and compared against Simple and

Complex performance benchmarks that are routinely used to help assess meteorological

model performance. Soccer Plots that display bias versus error statistics against the Simple
and Complex performance benchmarks are used to assess WRF monthly performance for
surface meteorological variables. Below we present the WRF Soccer Plots performance

across all sites in the 4 km domain and across the 5 sites in the New Mexico portion of the
Permian Basin (green symbols in Figure 2-2) with the other subregional WRF performance
evaluations available in Ramboll (2025c).

Figure 2-3 shows excellent performance for wind speeds in all 6 months across the 4 km

modeling domain , with near zero bias well within Simple benchmark (ORBrfor 5 m/ s) ¢
(RMSE) within Si mpl e benchmark (02.0 m/s) -Ot)andwithin ee mont hs ( A
Compl ex benchmar ks (abonkhs (Mays )Oct}, with May being exactly at the

Complex benchmark of 2.5 m/s. Wind direction performance shows that all 6 months also

meetthe Simple/ Compl ex benchmar k fdegreed)i aadsall fodtRslate within

the Compl ex err or b e ndedrems)r Temper&Eebias is quite good, ranging

with in £1.1 K, with slight over predictions in most months and minimal under prediction in

May. Temperature error is outstanding, remaining within the Simple benchmark (02.0 k
all 6 months. Water vapor mixing ratio (humidity) performance shows a negative bias for

the first 3 months and positive bias for the last 3 months, and all 6 months meet the Simple
benchmark for bias (ONO. 8 g/ kg)Simpk/l Gompier tenchnsarkéor e wi t hi n
error (02.0 g/kg).
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Figure 2-3. Soccer plots comparing WRF model performance statistical metrics against
simple and complex benchmarks averaged over all 75 sites within the CAMx New Mexico 4
km modeling domain: 10 -m wind speed (top left), 10 -m wind direction (top right), 2 -m
temperature (bottom left) and 2 -m water vapor mixing ratio (bottom right). Symbols refer
to each of the six simulation months in 2022.
Figure 2 -4 displays Soccer Plots model performance f or the New Mexico portion of the

Permian Basin and shows excellent performance for wind speeds across all 6 months, with

bias near zero, well within the Simple benchmark (ONO.5 m/ s)Simapred RMSE w
benchmark (02.0 m/s) f orOct) éand ebetweerotmetSimgle ahdA u Gomplex

benchmark s( O2.5 m/s) for the ot hedul).. Winddretiompenotmarse ( May

shows a positive bias, with 5 months meeting the Simple/ Compl ex benchmark (ON10
degrees ) and October slightly exceeding it at 11.6 degrees Wind direction error is within the

compl ex benc h megreés ) for@bmonths. Temperature bias is within +1.0 K, with

three months meeting the Si mple benchmark (ONO.5 K), being positiyv
negative in the other three. Temperature error is within the Si mple benchmark (02.0 K
all months except for May, when it falls within the Compl ex benchmark (02.5 K). W

vapor mixing ratio performance shows a negative bias for all 6 months with 4 months

meetingthe Si mpl e benchmark (ONO.8 g/ IKgmpl exebemeehimagkt ©®N1
g/kg), and one outside the Complex benchmark. All months are within the Simple/ Complex
benchmark for error (02.0 g/ kg).
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Wind Speed Performance
2022 NMED 4 km - Region: NM_PB Site: all

i CAMXx 2022v2 Base Case Model

Wind Direction Performance
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simple and complex benchmarks averaged over the 5 NM_PB sites: 10
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Qualitative Precipitation Model Performance

-m water vapor

WRF estimated monthly precipitation patterns in the New Mexico 4 km domain were
compared against PRISM analyses, as well as daily precipitation patterns on ozone
exceedance days when either WRF or observations reported significant precipitation in the
region. The PRISM precipitation interpolation scheme works better for organized synoptic
weather systemst han for the stochastic summer convective showers, which tend to be
spotty and intermittent, especially in areas with sparse rain gauge data. This is the primary
reason why the analysis of precipitation performance remains a qualitative comparison of
spatia | patterns and magnitudes.

Figure 2-5 to Figure 2-7 compare PRISM (left) and simulated (right) total precipitation

patterns during June, July and August 2022. WRF generally simulated the precipitation

patterns well on the monthly scale across the domain, although in various places the PRISM

rain exceeded th e WREF total and extent, such as far western Texas during all months except
August. On many of the high ozone days, WRF succeeded in replicating the overall patterns

but fell short in the totals or had regions lacking any simulated rain. Neither PRISM nor W

can be expected to replicate the stochastic nature of actual summer convective rainfall in

time and space, as illustrated by the different patterns of the heaviest areas of precipitation

in each month. It is therefore perhaps more desirable for the mete orological simulation to
tend toward a drier environment, as spurious convective precipitation events can drive large

2.0

RF

36


https://prism.oregonstate.edu/

Ramboll i Ozone Source Apportionment Modeling for New Mexico Environmental Department i CAMXx 2022v2 Base Case Model
Performance Evaluation i Draft Final

local errors in wind and temperature patterns. Such meteorological errors often lead to poor
replication of ozone patterns during those times.

Total PRISM Precipitation for 2022-06

Domain Statistics: 10th=0.000 Median=1.872 Average=2.001 90th=3.867 Total WRF Precipitation for 2022-06
0

Domain Statistics:  10th=0.18 Median=1.28 Average=1.68 90th=3.63 ()
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Figure 2-5. June total precipitation patterns from PRISM based on observations (left) and
modeled by WRF (right).
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Figure 2-6. July total precipitation patterns from PRISM based on observations (left) and

modeled by WRF (right).
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Figure 2-7. August total precipitation patterns from PRISM based on observations (left)
and modeled by WRF (right).

2.3 WRF Model Performance Summary

The WRF summer 2022 4 km simulation demonstrated strong performance during the May
October 2022 modeling period. Statistical benchmarks were met at airport monitoring sites
across the Permian Basin region, encompassing all of New Mexico, most of western Te
the Oklahoma panhandle, and the southernmost ~50 miles of Colorado. Performance was
notably improved compared to prior WRF 2016 modeling supporting the NMED Ozone
Assessment Initiative (OAl). The analyses confirm that the WRF run is suitable for CAMx
photochemical modeling over the May i October 2022 ozone modeling period for the
following reasons:

1 Surface temperature and wind fields were replicated with high accuracy at both local
and regional scales, meeting statistical benchmarks and outperforming other recent
WRF modeling efforts in the western U.S.

1 The model accurately captured observed wind speed and direction shifts, particularly
during periods of stronger winds, while exhibiting appropriate hour -by-hour
stochastic variability during weaker winds. Some missing wind direction observations
were noted due to calm conditions during high ozone periods.

1 Surface humidity was generally simulated well across all six months, with the model

capturing day -to-day variability associated with synoptic -scale weather systems.

Errors in water vapor have less impact on ozone compared to similar errors in
temperature.

1 On ozone exceedance days with rainfall within the CAMx domain, WRF generally
tracked observed spatial patterns but tended to simulate lower precipitation totals
than PRISM.

Temperature accuracy is crucial for ozone modelling, as it influences diurnal mixing depth,
temperature -sensitive emissions, and chemical rates affecting ozone formation. The use of
ERADS analysis fields alongside the multi -scale Kain -Fritsch sub -grid conve ction

Xas,

(seyour) uoeydioald [e10)
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parameteri zation resulted in less convective activity and overall precipitation than observed

but maintained excellent performance for temperature and winds. No substantial or
widespread errors in wind or temperature were observed in the current modeling.

WREF produced spottier , convection -oriented rainfall patterns, whereas PRISM indicated
broader areas of precipitation. The WRF pattern may be more reasonable, though not
necessarily accurate in time or space, as PRISM interpolates between rain gauge data,

which are sparse in ru  ral areas and may overstate rainfall extent. The PRISM interpolation
scheme performs better for organized synoptic weather systems than for stochastic summer
convective showers, which are intermittent and localized . As a result, precip itation
performance is assessed qualitatively by comparing spatial patterns and magnitudes.

Neither PRISM nor WRF can fully replicate the stochastic nature of summer convective

rainfall in time and space. A drier meteorological simulation is often preferable, as spurious
convective precipitation events can introduce large local errors in wind and temperature,
which may lead to poor replication of ozone patterns during those periods.
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3.0 DEVELOPMENT OF 2022 EMISSION INPUTS FOR THE
CAMX 2022 V2 12/4 KM MODELING PLATFORM

This chapter describes  how the 2022 v2 12/4 km base case emissions were developed for
the CAMx Photochemical Grid Model (PGM) . The se emissions were built on EPAQGR2V2
Emissions Modeling Platform (EMP) 3 developed by the National Emissions Collaborative

(NEC). The 2022v2 platform is based on the 2020 National Emissions Inventory (NEI ) and
incorporates updates from EPA and  individual s tates to better reflect 2022 conditions (EPA,
202 3; EPA 2025 ). It includes emissions inventories for 2022, along with  spatial surrogates,
temporal profiles, and other supporting files.

EPA processed the 2022v2 inventoriesto produce model -ready emission s for the

Continental U.S. (  CONUS) 12 km domain ; these 2022v2 12 km model -ready emission

inputs were downloaded and used directly inthe NMED modeling. For the finer -resolution 4
km domain, the 2022v 2 inventories were downloaded separately by source sector and
processed for input into CAMXx

3.1 2022 v2 CONUS 12 km Anthropogenic Emissions

The 2022v2 platform provides model -ready emissions for a 12 km grid covering the CONUS
(12US2) , which were used directly in the NMED modeling. These CMAQ -ready , pre -merged
gridded emission files were downloaded from EPA's Open Data Program and converted to

CAMx format using the CMAQ2CAMX processor.

3.2 2022 v2 4 km Anthropogenic Emissions

The 2022 v2 4 km anthropogenic emissions are primarily based on the 2022v2 emission

inventories. Table 3-1 summarizes the inventory data sources used for the NMED 4 km

domain. The Sparse Matrix Operator Kernel Emissions (SMOKE) modeling system v5.0 was

used to develop emissions for the 4 km domain, leveraging spatial surrogates, temporal
profiles, and other ancillary inputs from the 2022v2 EMP to generate CAMx -ready emission
inputs.

Point source emissions  (EGU, Non -EGU and Point O&G) are not grid -specific and were used
directly from the 2022v2 platform for both domains. On-road mobile source emissions for
the 4 km domain  were generated using the SMOKE  -MOVES processor with vehicle miles
traveled (VMT) and population data from the 2022v2 platform. This processing also
incorporated 2022 MOVESS5 emissions factors from the 2022v2 EMP and hourly 4 km

meteorology from WRF (see Chapter 2). Unlike most other emission inputs, agricultural
fertili zer emissions were not processed through SMOKE; instead, they are computed inline

during a CMAQ bi -directional mode | run and output directly from the CMAQ model. They
were therefore spatially disaggregated from the 12 km grid to the NMED 4 km domain for
the CAMx 2022v2 12/4 km modeling

3 https://www.epa.gov/air -emissions -modeling/2022v2 _ -emissions - modeling - platform
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Table 3-1. 2022 emissions data sources for the 4 km and 12 km domains used in NMED
Phase Il CAMx 2022v2 12/4 km modeling.
Source Catedor NMED 4km Domain 12US2 Continental U.S.
gory (4km grid) (12km grid)
Area:
afdust, rwc, nonpt, EPA 2022v2 inventory EPA 2_022v_2 model -ready
solvents, openburn emissions files
livestock
Agricultural fertilizer: EPA 2022v2 12US1 windowed and EPA 2022v2 model -ready
Fertilizer regridded to NMED 4 km domain emissions files
Qil &_Gas: _ EPA 2022v2 inventory EPA 2_022v_2 model -ready
np_oilgas, pt_oilgas emissions files
On-road Mobile: SMOKETMOVES and MOVESS lookup EPA 2022v2 model -ready
onroad tables with 4 km met data from emissions files
NMED modeling
Nonroad: EPA 2022v2 inventory EPA 2_022v_2 model -ready
nonroad emissions files
Alrports: EPA 2022v2 inventory EPA 2022v2 model -ready
airports emissions files
CMV: EPA 2022v2 model -ready
N/A .- .
cmv_clc2, cmv _c3 emissions files
chomotlves: EPA 2022v2 inventory EPA 2022v? model -ready
rail emissions files
_ EPA 2022v2 model -ready emissions
Et(; UuPomt. files. EPA 2022v2 inventory with Sﬁg;gﬁ?ﬁezwel -ready
Peg hourly CAMD data.
Point: EPA 2022v2 model -ready emissions EPA 2022v2 model -ready
ptnonipm files emissions files
Non-US: . EPA 2022v2 model -ready
Canada/Mexico EPA 2022v2 inventory emissions files
Fires EPA 2022v2 CAMx -ready emissions EPA 2022v2 model -ready
files emissions files
Biogenic 2022 BEIS4/BELD6 EPA 2022v2 model - -ready
emissions files
EPA 2022v2 data and processor to EPA 2022v2 model -ready
LNOx o .- .
create 4km emissions data emissions files

3.3 2022 Natural Source Emission Inputs

Biogenic emissions for the 12/4 km domains were generated using the Biogenic Emission
Inventory System version 4 (BEIS4), which relies on the Biogenic Emissions Landcover
Database version 6 (BELD6) as input. BEIS4/BELD6 was run with hourly WRF meteorology

for each domain (Chapter 2).

Open land fire (e.g., wildfires)

emissions were based on the 2022v2 inventory

which was

developed using Satellite Mapping Automated Reanalysis Tool for Fire Incident

Reconciliation version 2 (SMARTFIRE?2) and the BlueSky Framework for U.S. fires.
fires were estimated using a similar methodology,

the U.S. fire inventory.

NCAR (FINN). The 2022v2 platform provided three
with plume rise calculated by SMOKE,

which were

Canadian

with tools comparable to those used for
Mexican f ire emissions were estimated using the Fire INventory from
-dimensional (3D) layered fire emissions
then converted to CAMXx point binary

files

using virtual stacks placed at the center of each horizontal and vertical grid cell.

Lightning NOx (LNOx) emissions were generated using the EPA LNOXx processor. EPA
provided both the processor and 2022 lightning detection observation data to generate
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three -dimensional NetCDF LNOx emissions for the 4 km grid.
using study -specific WRF meteorological data for the NMED 4 km domain

Chapter 2 . Oceanic emissions , including sea salt and dimethyl sulfide (DMS) ,

generated using a CAMx preprocessor and

the 12 km WRF meteorological data.

3.4 Summary of 2022 Emissions by Source Sector

Table 3-2 and Figure 3-1 show episode -average 2022 v2 NOx and VOC anthropogenic

emissions by source sectorsin  New Mexico , expressed intons perday (TPD). In 2022, the

largest New Mexico NOx source sector was oil and gas (O&G), contributing 60%
followed by on -road mobile sources at 18%; all other source sectors contributed 10% or

less individually. For anthropogenic VOC emissions, the O&G sector dominated accounting
for 85% of the total, followed by nonpoint sources at 10%, with the remaining sectors
contributi ng 3% or less individually.

Biogenic VOC emissions are not shown in these tables and figures.
~1,568 TPD ) are almost 40% higher than the

biogenic VOC emissions (

VOC emissions in New Mexico. Because biogenic
they tend to be higher on days with elevated ozone levels.

VOC emissions are temperature

Table 3-2. New Mexico 2022 v2 anthropogenic NO x and VOC emissions by
New Mexico

Tons per Day (TPD) 2022v2 2022v2

Source Sector NOXx VOC

EGU Point 19.1 0.6
Non-EGU Point 7.1 55
0&G 265.9 963.7
Ralil 44.2 1.8
Non - Point 11.5 110.2
Non - Road 11.9 13.9
On-Road 78.7 35.4
Airports 1.7 1.0

Anthro Total 440.1 1132.0

were

i CAMXx 2022v2 Base Case Model

These inputs were developed
as described in

of the total

The episode average
total anthropogenic

-sensitive,

source

sector.
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2022v2 NOx (Anthro) 2022v2 VOC (Anthro)
Airports EGU poin Nonpoint Nonroad Or;r;ad Non-EGU poini
Onroad 0% 4% NonEGU poini 10% 1% § 1%

2% ;
? Airports
0%

Rail
0% EGU poini
0%
Nonroad
3%
Nonpoint
3%
Rail
10%
0&G
85%
Figure 3-1. Pie Charts showing the percent contributions of 2022v2 anthropogenic
emission  source sectors to total anthropogenic NO x and VOC emissions in New Mexico.
Figure 3-2 through Figure 3-6 display the spatial distribution of episode -average 2022 v2
NOx and VOC emissions within the 4 km domain for the following anthropogenic sectors:
non -point O&G, point O&G, on  -road mobile , non -road mobile , and non -point. Urban areas,
roadways, and O&G development areas are clearly identifiable in the emission maps.
NOx VOC_INV
Episode Daily Avg: 2022v2 Episode Daily Avg: 2022v2
Sector: np_oilgas Sector: np_oilgas
Period: Apr 30 - Oct 15, 2022 Period: Apr 30 - Oct 15, 2022
3 s
1 N \\; - Y !
0.6 » 2 0.6
0.4 7 Ltf A B 0.4
02 iy 02
0.1 0.1
0.06 } " # = ’f', 0.06
0.04 & .| W ~ 0.04
0.02 i e A 0.02
0005 [~ : : i :'.. 0.005
s ;e
TPD ! - ' = TPD
& max(134.43) = 4.77 tpd & max(134,43) = 85.12 tpd
Figure 3-2. Episode -average total 2022 v2 Non-Point O&G NOx (left) and VOC (right)
emissions in the NMED 4 km domain [ tons per day (TPD) ].
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NOx

Episode Daily Avg: 2022v2
Sector: pt_oilgas

Period: Apr 30 - Oct 15, 2022

3]

A /T
-:Il'; N 7/ :/ - -

- TR sl

< max(222,188) = 3.48 tpd

Figure 3-3.

0.6
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0.2

0.1

0.06

0.04

0.02

0.005

TPD

Episode -average total 2022v2 Point O&G NO

emissions in the NMED 4 km domain [tons per day (TPD)]

NOx

Episode Daily Avg: 2022v2
Sector: onroad

Period: Apr 30 - Oct 15, 2022

$ max(81,157) = 1.35tpd

Figure 3-4.

TPD

Episode -average total 2022v2 On

emissions in the NMED 4 km domain [tons per day (TPD)].

VOC_INV

Episode Daily Avg: 2022v2
Sector: pt_oilgas

Period: Apr 30 - Oct 15, 2022

i CAMXx 2022v2 Base Case Model

[

'{u__tr\_ﬁgj/z-:_/_/‘t._i‘L —=+ T

¢ max(139,72) = 2.32 tpd

x (left) and VOC (right)

VOC_INV

Episode Daily Avg: 2022v2
Sector: onroad

Period: Apr 30 - Oct 15, 2022

& max(81,157) = 0.46 tpd

-Road Mobile NO  x (left) and VOC (right)

TPD

0.6
0.4
0.2
0.1
0.06
0.04
0.02

0.005

TPD
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NOx VOC_INV
Episode Daily Avg: 2022v. Episode Daily Avg: 2022v2
Sector: nonroad Sector: nonroad

Period: Apr 30 - Oct 15, 2022 Period: Apr 30 - Oct 15, 2022

| 1. it

| 0.6 0.6
0.4 0.4
/ 0.2 02
(; 0.1 0.1
T 0.06 0.06
0.04 0.04
L T 665 j 0.02
3 { 0.005 0.005

TPD TPD

< max(83,157) = 0.17 tpd < max(83,157) = 0.17 tpd

Figure 3-5. Episode -average total 2022v2 Non -Road Mobile NO  x (left) and VOC (right)
emissions in the NMED 4 km domain [tons per day (TPD)].

NOx VOC_INV
Episode Daily Avg: 2022v2 Episode Daily Avg: 2022v2
Sector: nonpoint Sector: nonpoint
Period: Apr 30 - Oct 15, 2022 Period: Apr 30 - Oct 15, 2022
1
0.6
0.4
0.2
0.1
0.06
0.04
0.02
0.005
TPD
$ max(82,158) = 0.23 tpd O max(177,63) = 1.55 tpd
Figure 3-6. Episode -average total 2022 Non -Point NO x (left) and VOC (right) emissions in
the NMED 4 km domain [tons per day (TPD)]
3.5 Comparison of NMED Phase | 2022v1l and Phase Il 2022v2  Emissions
This section compares emissions between 2022v1 emissions used in Phase I and 2022v2
emissions used in  Phase Il of the NMED ozone source apportionment modeling study. Table

3-3 and Table 3-4 provide a side -by-side comparison of May-October episode average
emissions (TPD) from Phase I, which was based on the EPA 2022v1 platform, and Phase II,
which is based on the 2022v2 platform, for New Mexico and for Lea and Eddy counties,
respectively.

The total emissions  in the 2022v1 and 2022v2 inventories are very similar across most
source sectors in New Mexico except for on -road mobile and O&G. Theon -road mobile
emissions differences can be attributed to the fact that the two inventories draw from
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different versions of the EPA 2022 platform that used different versions of the MOVES

mobile source emissions model . NMED Phase Il modeling used the 2022v2 platform with on-
road mobile source emissions based on the MOVES5 model , whereas NMED Phase |

modeling used 2022v1 platform emission with on -road mobile sources emissions factors
derived from MOVES4. MOVESS incorporates several updates including new regulations

(such as revised light -, medium -, and heavy -duty greenhouse gas standards), updated data

refle cting higher electric vehicle adoption, revised brake wear emissions, expanded vehicle

age calculations to 40 years, and updated fuel and vehicle population datasets.

New Mexico 2022 O&G NOx emissions are almost 30% lower in the 2022v2 platform used in
Phase Il than the 2022v1 inventory used in Phase | . Further review of the EPA inventories
revealed that point O&G emissions are similar between the two platforms; however, non -
point O&G emissions are substantially lower in 2022v2. This reduction is primarily due to

corrections to non

hydraulic fracturing engines by approximately 74%

-road emission factors, which reduced NO

x emissions from drill rigs and

(EPA, 2025) .

Table 3-3. 2022 emissions by major source sector in New Mexico from 2022v1 and
2022v2 emission platforms.
New Mexico
Tons per Day (TPD) 2022v1 2022v1 2022v2 2022v2 %Diff %Diff
Source Sector NOXx VOC NOXx VOC NOXx VOC
EGU point 19.1 0.6 19.1 0.6 0.0% 0.0%
Non-EGU point 7.0 55 7.1 55 1.4% 0.0%
0&G 369.1 967.5 265.9 963.7 -28.0% -0.4%
Rail 44.2 1.8 44.2 1.8 0.0% 0.0%
Non - Point 115 108.9 115 110.2 0.0% 1.2%
Non -Road Mobile 12.0 14.1 11.9 139 -0.8% -1.4%
On-Road Mobile 68.9 29.9 78.7 354 14.2% 18.4%
Airports 17 1.0 17 1.0 0.0% 0.0%
Anthro Total 533.5 | 1129.2 440.1 | 11320 | -17.5% 0.2%
Fires 64.4 | 1874.7 64.3 | 1872.6 -0.2% -0.1%
Biogenic 58.8 | 1567.6 58.8 | 1567.6 0.0% 0.0%
Natural Total 123.2 3442.2 123.1 3440.2 -0.1% -0.1%

The differences in the 2022v1 and 2022v2 emissions in Lea and Eddy counties, the New

Mexico portion of the Permian Basin ( Table 3-4), show the same emissions trends as the
statewide totals described above only the decrease in O&G NO x emissions between 2022v2
and 2022v1 is even greater (almost -40%). The amount of natural emissions compared to
anthropogenic emissions in Eddy and Lea Counties is also very different than the whole

state of New Mexico. 2022 Fire VOC and NO x emissions in Eddy and Lea Counties are less
than 0.1% of the anthropogenic emissions , Whereas across New Mexico Fire VOC emissions
are 66% higher than the anthropogenic VOC emissions and Fire NO x emissions are 12% of
the New Mexico anthropogenic NO x emissions. The Biog enic VOC emissions in Eddy and Lea
Counties are 9% of the total anthropogenic VOC emissions in the two counties. While 2022
Biogenic VOC emissions across New Mexico are almost 40% (1.4 times) higher than the

New Mexico anthropogenic VOC emissions.
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Table 3-4. 2022 emissions by sector in Eddy and Lea counties from 2022v1 and 2022v2
platforms.
Eddy and Lea Counties
Tons per Day (TPD) 2022v1 2022v1 2022v2 2022v2 %Diff %Diff
Source Sector NOXx VOC NOXx VOC NOXx VOC
EGU point 3.5 0.2 3.5 0.2 0.0% 0.0%
Non-EGU point 0.9 2.9 0.9 2.9 0.0% 0.0%
0&G 263.3 763.3 160.2 759.6 -39.2% -0.5%
Rail 0.3 0.0 0.3 0.0 0.0% 0.0%
Non - Point 14 9.1 14 9.1 0.0% 0.0%
Non -Road Mobile 1.0 0.9 1.0 0.9 0.0% 0.0%
On-Road Mobile 4.2 2.0 4.6 2.3 9.5% 15.0%
Airports 0.0 0.0 0.0 0.0 0.0% 0.0%
Anthro Total 274.6 778.5 172.0 775.0 -37.4% -0.4%
Fires 0.1 0.7 0.0 0.5 -100.0% -28.6%
Biogenic 3.4 69.3 3.4 69.3 0.0% 0.0%
Natural Total 34 70.0 34 69.8 0.0% -0.3%
3.6 2022 Emissions QA/QC
An important step in developing the 2022 emission inputs for the CAMx 2022 v2 12/4 km

emission scenario was the implementation of Quality Assurance/Quality Control (QA/QC)
activities to ensure the integrity of the emissions data throughout development and
processing. QA/QC activities were conducted across the 4 km
a reference . The 2022 QA/QC activities included but were not limited to the following steps:

9 Tabular comparisons of total 2022 NO
by source sector.

1 Spatial maps of 2022 total emissions and emissions within the 4

down by source sector.

x and VOC emissions in the NMED 4

1 Comparisons of 2022 emissions in the NMED 4
SMOKE emissions modeling to ensure no emissions are lost or gained during

processing.

km domain, broken

km domain during each step of the

1 Independent QA/QC review of the 2022 emission comparisons by members of the
Ramboll team not involved in the emissions development and modeling.

domain using 2022v2 EMP as

km domain
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4.0 CAMX 2022V2 12/4 KM BASE CASE MODELING AN D
OZONE MODEL PERFORMANCE EVALUATION

This Chapter discusses the CAMx 2022v 2 12/4 km base case simulation and model
performance evaluation for ozone and NO x using the routine Air Quality System (AQS)
observation network.

41 CAMx 2022v 2 12 /4 km Base Case Simulation

A CAMx 2022v 2 12/4 km base case simulation  was conducted for the May through mid -
October 2022 period usinga12km 12US2 continental U.S. domain and a 4 km New Mexico
domain ( Figure 1-3). CAMx was run usingtwo  -way grid nesting between the 12 and 4 km
domains. Three -dimensional output from a CAMx 2022 simulation of a 36 km North

American domain were processed to generation BCs for the lateral boundaries of the 12 km

12US2 domain. The BCs for the CAMx 2022 36 km domain were based on output from a
Hemispheric CMAQ (HCMAQ) 2022 simulation . The development of the meteorological and
emission inputs for the CAMx 2022 v2 12/4 km model ing platform are described in,
respectively, Cha pters 2 and 3.

Table 4-1 summarizes the inputs and options used in the CAMx 2022 v2 12/4 km base case

simulation.
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Table 4-1.
simulation.

i CAMXx 2022v2 Base Case Model

CAMx model options for the NMED Phase I| CAMx 2022 12/4 km base case

Science Options

CAMXx

Comment

Model Codes

CAMx v7.32 1 August 2025

Latest version of CAMx at time of study

Horizontal Grid Mesh

12/4 km

Two -way grid nesting

12 km grid

396 x 246 cells

12 km 12US2 domain match ing EPA
platform

4 km grid

243 x 225 cells

New Mexico 4 km domain

Vertical Grid Mesh

35 vertical layers match WRF

Layer 1 thickness 20 m. Model top at
~19 km AGL. No layer collapsing.

Initial Conditions (ICs)

~Clean IC starting on May 1
2022

~10 days of spin  -up before examining
results

Boundary Conditions (BCs)

12 km BCs from CAMx 2022
36 km North American
domain simulation

BCs for CAMx 2022 North American
domain based on 2022 HCMAQ
simulation

Emissions

4 km NM Domain

SMOKE and SMOKE-MOVES5
processing of 2022v2
emissions and BEIS4/BELD6

Lightning NOx using CAM  x processors

12 km US1 Domain

Use EPA platform model -
ready 2022v2 12 km domain
emissions

Oceanic emissions using CAMXx processor

Sub-grid -scale Plumes

No Plume -in-Grid

4 km grid resolution

Chemistry
Gas Phase Chemistry CB7r1 Latest gas -phase chemistry mechanism.
Aerosol Thermodynamics ISORROPIA
Secondary Organic Aerosol SOAP3 No POC evaporation
Particle Size Distribution Coarse/Fine
Meteorological Processor WRFCAMx

Horizontal Diffusion

Spatially varying

K-theory with Kh grid size dependence

Vertical Diffusion

WRFCAMXx YSU-like Kv

Diffusivity Lower Limit

Kv_min=0.1t02.0m  2/sin
lowest 100 m

Depends on urban land use fraction

Deposition Schemes

Dry Deposition

Zhang dry deposition scheme

(zhang et. al, 2001; 2003)

Wet Deposition

CAMXx -specific formulation

rain/snow/graupel

Numerics

Gas Phase Chemistry Solver

Euler Backward Iterative
(EBI)

EBI fast and accurate solver

Vertical Advection Scheme

Piecewise Parabolic Method
scheme

Colella and Woodward (1984)

Horizontal Advection
Scheme

Piecewise Parabolic Method
scheme

Colella and Woodward (1984)

Integration Time Step

Wind speed dependent

~0.5 -1 min (4km),1 -5 min (12 km)
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42 CAMx2022v 2 12 /4 km Model Performance Evaluation Approach

The Atmospheric Model Evaluation Tool ( AMET) w as used to evaluate the CAMx 2022v 2
12/4 km base case against observed ozone and NO  x concentrations . AMET includes standard
routine AQS monitoring data. The ozone and NO x model evaluation w as conducted for sites
within the 4 km New Mexico domain that includes all of New Mexico , parts of adjacent

states and all the Permian Basin oil and gas production area in Texas . Figure 4-1 shows the
locations of all the ozone monitoring sites in the 4 km domain and what parameters are

measured at monitoring sites in New Mexico.
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Figure 4-1. Locations of ozone monitoring sites operating in 2022 in the New Mexico 4

km modeling domain (left) and parameters that are measured at New Mexico monitoring
sites (right).
AMET was used to generate numerous displays and metrics of ozone model performance as
follows :
i Scatterplots of MDA8 and hourly ozone and hourly NO x concentrations.
9 Spatial plots of bias and error at monitoring sites across the New Mexico 4 km
domain.
I Time series comparing predicted and observed MDA8 ozone for the months of May
through September 2022.
9 Time series plots of  hourly ozone , NO, NO 2 and NO x during six multiday periods
during 2022
May 14 7 16
May 25 7 30
June 8 i 11
June 30 1 July 3
July 13 1 15
August12 1 14
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4.2.1 Ozone Model Performance Goals and Criteria

Model Performance Goals and Criteria allow the assessment of m odel performance of a PGM
base case and compare it with past PGM model performance evaluations. EPA first proposed
the use of model performance goals in their 1991 ozone modeling guidance (EPA, 1991)

with goals for bias (ON15%) an dRussell(2006)ektéd@8te . Boy !l an

ozone performance goals to PM species and visibility. Simon, Baker and Phillips (2012)
summarized the model performance statistics of 69 PGM applications from 2006 t 02012
and found significant variability but were able to isolate model performance statistical levels

for the best performing models. Emery et al., (2017) built off the work of Simon, Baker and

Phillips (2012) by including additional PGM model application s and came up with a set of
PGM model Performance Goals and Criteria based on the variability in past PGM model

applicationsinthepeer -revi ewed | iterature. Mod el performance
values that approximately a third of the top perfor ming past PGM applications have met and
should be viewed as the best a PGM application can
indicates statistical values that approximately two thirds of past PGM applications have met

and should be viewed as what most of the model applications have achieved. We compare d

the CAMx 2022 simulation ozone model performance statistics for normalized mean bias

(NMB) and normalized mean error (NME) against the ozone model Performance Goals and
Criteria summarized by Emery et al., (2017) givenin  Table 4-2 (for completeness we also
include the PM performance goals and criteria)

Table 4-2. Recommended Performance Goals and Criteria benchmarks for photochemical
model statistics (Source: Emery et al., 2017).
) NMB NME r

Species Goal Criteria Goal Criteria Goal Criteria
1-hr & MDA8 Ozone <+5% <+15% <15% <25% >0.75 >0.50
24-hrPM 25, S04, NH 4 <+10% <+30% <35% <50% >0.70 >0.40
24-hrNO 3 <+15% <+65% <65% <115% NA NA
24-hr OC <+15% <+50% <45% <65% NA NA
24-hr EC <+20% <+40% <55% <75% NA NA

The NMB is defined as the Mean Bias (MB; i.e., the average of the differences between the
Measured (M) and Observed (O) concentrations) divided by the average Observed value:

L

> (M-0)

Normalized mean bias = —
Yo
1

The NME is defined by a similar formula as the NMB only the numerator is the average of

the absolute value differences between the Measured and Observed Value. We also compare
the bias and error Performance Goals and Criteria against the Fraction al Bias and Error (FB
and FE) that are similar to the NMB and NME only instead of dividing the Mean Bias or Error

by the average Observation it is divided by the average of the Observed and Measured

value divided by 2. This results in the FB being bounded by -200% and +200% and FE
bounded by 0% to +200%.
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4.2.2 Subregional  Ozone and NO x Model Performance
The CAMx 2022 base case is evaluated across the 4 km domain ( Figure 4-1) and within 7
subregions in the 4 km domain. The New Mexico model evaluation  subregions roughly
correspond to the New Mexico Air Quality Control Regions ( AQCRY):
1 NM-PB: The Permian Basin portion of New Mexico includes the Carlsbad City and
Carlsbad Cavern monitorsin Eddy  County, and the Hobbs monitor in Lea County.
When examining ozone model performance in the NM -PB region we also discuss the
performance at the Guadalupe Mountain s National Park monitor in Culberson County
in the Texas portion of the Permian Basin (TX -PB) that is right across the border

from Eddy County.

1 NM-S: The southern portion of New Mexico has five monitors in Do  fia Ana County,
New Mexico that are next to El Paso, Texas.

1 TIX-EP: TheElPaso, Texas grouping includes six monitors.

1 NM-Cen: The Central New Mexico grouping includes three monitors in Bernalillo
County and one monitor each in the adjacent counties of Sandoval, Santa Fe and
Valencia.

1 NM-SSJ: The South San Juan Basin region of New Mexico includes monitors in San
Juan and Rio Arriba Counties.

1 CO-NSJ: The North San Ju an Basin region of Colorado includes monitors in
Archuleta, La Plata and Montezuma Counties.

1 AZ-Misc: There aretwo additional monitors at Class | areas in Arizona just west of
the border of New Mexico at Chiricahua National Monument and Petrified Forest
National Park. There is also a miscellaneous ozone monitor (TX -Misc) in Randall
County in the Texas Panhandle east of the border with New Mexico.

4.3 Ozone Model Performance Across the New Mexico Analysis Domain

Figure 4-2 displays the spatial distribution of MDA8 ozone NMB and NME performance

statistics at sites across the New Mexico 4 km domain for the entire May 10 through

October 15, 2022 analysis period . When the NMB at a site achieves the Performance Goal

( ON5 %be symboliscoloredgrey ,and when a siteds NMB falls between
Performance Goal and Criterion it is colored green for under -predictions or yellow for over -

prediction s.

Table 4-3 is a tabular summary of the site -specific NMB and NME  MDAS8 ozone performance
statistics which also include the Fractional Bias and Error (FB and FE) and correlation (COR
orr) statistics. Cellsin Table 4-3 are colored green if the performance statistics achieves the
Performance Goal , yellow if it falls between Performance Goal and Criterion, and red ifit
fails to achieve the Performance Criteria.

For MDA8 ozone NMB, a Imost all sites  achieve the bias Performance Criterion and over 40%
of the sites achieve the bias Performance Goal. Two sites have NMB that fails to achieve the
bias Performance Criterion, Palo Duro ( -20.6%) on the Texas Panhandle and Carlsbad

Caverns ( -15.7%) whose NMB  is barely outside the  ozone bias Performance Criterion

( ON1 5 %)ver 80% of the sites achieve the error Performance Goal ( 015 %Jhe
correlation for MDAS8 ozone for over  90% of the sites fall s between the Performance Goal

and Criterion (i.e., between 0.50 and 0.75) and at the 5 sites where the correlation fails to
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achieve the Performance Criterion

, the values are just
discussed in more detail below, within the Permian Basin region, the CAM
(as indicated by the bright green and slightly

case has a MDA 8 ozone underestimation bias

duller green NMB symbols in

0% ghmax HAE (5] for ryn NAAE(S tcm 222 for M2y 19_Q0115

EERELT .
I R
B ‘
: % | _
~ L.

CIRGLE-AGS_Daily_03:

Figure 4-2.
ozone performance statistics for the May 10

Figure 4-2, left).

CIRGLE-AQS_Daly_03;

Spatial distribution of CAMx 2022v2 4 km NMB (left) and NME (right) MDA8
T October 15, 2022 modeling period.

i CAMXx 2022v2 Base Case Model

barely below it (0.4 4 to 0.49). As
x 2022v 2 base
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Table 4-3. Bias (NMB and FB), error (NME and FE) and correlation (COR) MDAS8 ozone
performance statistics by site for the CAM x 2022v 2 12 /4 km base case  simulation and May
10 7 October 15, 2022 analysis period
Region Local Name County SitelD N NMB FB NME FE COR
NM-PB| Carlsbad Caverng Eddy |35-015-0010 181 -15.7 -16.8 17.1 18.4 0.583
NM-PB Carlsbad City Eddy |35-015-100% 188 -14.6 -15.4 16.5 17.8 0.610
NM-PB Hobbs Lea 35-025-0008 193 -9.5 -9.3 14.9 15.4 0.595
TX_PB| Guadalupe Mtn NP Culberson|48-109-0002 79 -11.4 -12.1 14.1 14.8 0.489
NM-S La Union Dona Ana|35-013-0008 192 -7.5 -7.6 12.4 12.7 0.655
NM-S Chaparrel Dona Ana|35-013-0020 196 -7.3 -7.3 12.3 12.5 0.652
NM-S Desert View Dona Ana|35-013-0021 196 -14.5 -15.5 16.3 17.5 0.652
NM-S Santa Teresa | Dona Ana|35-013-0022 188 -10.8 -11.0 14.8 15.6 0.615
NM-S Solano Dona Ana|35-013-0023 194 3.8 4.0 11.4 11.3 0.649
TX_EP Ivanhoe El Paso [48-141-0029 193 7.2 7.5 13.4 13.2 0.700
TX_EP| El Paso Chamiza] El Paso |48-141-0044 182 -1.5 -1.1] 11.6 11.9 0.71(Q
TX_EP| Ascarate Park SE El Paso |48-141-005% 179 0.4 1.0 12.4 12.5 0.660
TX_EP| Socorro Hueco El Paso [48-141-0057 196 -9.3 -9.3 13.1 13.6 0.689
TX_EP Skyline Park El Paso [48-141-0058 194 -1.1 -0.4 14.1 14.3 0.518
TX_EP Ojo De Agua El Paso [48-141-1021 189 -11.7 -12.3 15.8 16.7 0.542
NM-Cen Del Norte Bernalillo | 35-001-0023 191 -11.8 -12.5 13.9 14.8 0.64Q
NM-Cen South Valley Bernalillo | 35-001-0029 181 -8.8 -9.2 11.9 12.3 0.702
NM-Cen Foot Hills Bernalillo | 35-001-1012 191 -11.9 -12.4 15.6 16.5 0.567
NM-Cen Bernalillo Sandoval | 35-043-1001 194 -4.7) -4.9 10.5 11.0 0.695
NM-Cen Santa Fe Santa Fe | 35-049-0021 194 -6.3 -6.8 11.4 11.9 0.579
NM-Cen Los Lunas Valencia |35-061-0008 196 -2.8 -3.1 11.6 11.§ 0.47(Q
NM-SSJ Coyote Rio Arriba| 35-039-002¢ 181 5.9 6.3 10.9 10.9 0.712
NM-SSJ Bloomfield San Juan|35-045-0009 186 -2.6 -2.8 11.4 11.5 0.436
NM-SSJ Navajo Lake San Juan|35-045-0018 190 -4.7) -4.8 10.3 10.6 0.61§
NM-SSJ Chaco San Juan|35-045-0020 190 -3.5 -3.7 10.7 10.8 0.543
NM-SSJ Sub Station San Juan|35-045-100% 191 -3.6 -3.8 9.9 10.1 0.574
CO-NSJ Lake Capota Archuleta | 08-007-7004 190 7.8 8.4 12.7 13.0 0.509
CO-NSJ Shamrock La Plata |08-067-1004 185 3.1 3.3 10.4 10.3 0.583
CO-NSJ Ignacio La Plata |08-067-7001 195 -3.4 -3.5 10.0 10.3 0.626
CO-NSJ Bondad La Plata |08-067-7003 195 -4.4 -4.6 10.2 10.7 0.645
CO-NSJ Cortez Montezumg 08-083-0006 194 1.3 1.4 9.7, 9.7, 0.565
CO-NSJ Mesa Verde NP| Montezumg 08-083-0101 198 -1.0 -1.0 9.2 9.3 0.595
CO-NSJ TowaocUMU2 | Montezumg 08-083-8001 197 0.6 0.6 9.8 9.8 0.558
AZ-Misd Chiricahua NM Cochise |04-003-8001 195 -5.8 -5.4 12.9 13.1 0.613
AZ-Misd Petrified Forest NP Navajo |04-017-0119 192 -5.1 -5.3 10.3 10.6 0.647
TX-Misg Palo Duro Randall |48-381-9991 172 -20.6 -22.4 21.4 23.9 0.683
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Except for the correlation coefficient, the CAMx 2022v 2 12/4 km model performance for

hourly ozone is generally not as good as it is for MDA8 ozone ( Figure 4-3 and Table 4-4).
The MDAS8 ozone NMB achieved the Performance Criterion at almost all sites and

Performance Goal at over 40% of the sites, for hourly ozone there are five sites with NMB
that fail to meet the Performance Criterion and a comparable number of sites (a little over
40%) with hourly ozone NMB that meet the bias Performance Goal. Not surprisingly, the

hourly ozone performance shows higher error s than the MDA8 ozone performance ; the NME
only meets the error Performance Goal at three sites ( comparedto MDA8 NME Perfo rmance
Goal thatis m et at all sites but one) with 3 sites with hourly NME failing to meet the error
Performance Criterion.  One reason the model shows degraded performance for hourly ozone
compared to MDA8 ozone at some sites is due to poorer performance during nighttime low

ozone concentration hours when the point measurement may see more influence from local

NOx sources that can titrate the ozone, whereas the local NO x sources have less influenced

on the modeled nighttime hourly ozone due to the 4 km grid cell averaging.

03 NME {35 or ryn NMED: Skn2422vE for Mayg_Qcis

03N 15 for ryn NUED: Skm20R242 or Mayt0_Qct13

| * 40 .

. l—ﬁ_'-i _|__ _.I ;ic * Ii * l: -

CIRCLE-AGS_Hourly: CIRCLE-AGS_Hourly:

Figure 4-3. Spatial distribution of CAMx 2022v 2 4 km NMB (left) and NME (right) hourly
ozone performance statistics for the May 10 through October 15, 2022 modeling period
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performance statistics by site for the CAM
October 15, 2022 modeling period

Bias (NMB and FB), error (NME and FE) and correlation

i CAMXx 2022v2 Base Case Model

(COR) hourly ozone

x 2022v 2 4 km base case and

May 10 through

Region Local Name County SitelD N NMB FB NME FE COR
NM-PB| Carlsbad Caverns Eddy 35-015-0010 3636 -14.7 19.0 -14.9 20.3 0.707
NM-PB Carlsbad City Eddy 35-015-1005 3634 -5.8 22.8 1.5 27.2 0.806
NM-PB Hobbs Lea 35-025-0008 3755 -4.9 17.3 -2.0 18.8 0.790
TX_PB| Guadalupe Mtn NP  Culberson 48-109-0002 1850 -13.1 17.3 -14.1 18.9 0.616
NM-S La Union Dona Ana 35-013-0008 3745 3.5 26.2 13.3 32.9 0.701
NM-S Chaparrel Dona Ana 35-013-0020 3771 -2.0 18.3 1.4 20.3 0.718
NM-S Desert View Dona Ana 35-013-0021 3771 -16.6 23.4 -19.2 29.9 0.756
NM-S Santa Teresa Dona Ana 35-013-0022 3773 -13.§ 22.3 -15.4 27.7 0.734
NM-S Solano Dona Ana 35-013-0023 3753 11.§ 22.2 16.5 25.8 0.731
TX_EP Ivanhoe El Paso 48-141-0029 3713 9.3 21.6 11.7 24.6 0.723
TX_EP| ElI Paso Chamizal El Paso 48-141-0044 3493 -6.2 24.6 -9.0 34.8 0.742
TX_EP| Ascarate Park SH El Paso 48-141-0055 3672 2.4 24.9 8.0 35.7] 0.770
TX_EP| Socorro Hueco El Paso 48-141-0057 3744 -6.4 23.1 -3.6 31.6 0.725
TX_EP Skyline Park El Paso 48-141-0058 3664 2.0 22.4 6.0) 25.3 0.647
TX _EP Ojo De Agua El Paso 48-141-1021 3730 -13.5 21.1] -13.5 23.2 0.638
NM-Cen Del Norte Bernalillo 35-001-0023 3590 -6.7] 19.1 -3.4 21.9 0.744
NM-Cen South Valley Bernalillo 35-001-0029 3405 1.6 22.5 10.5 29.0 0.737
NM-Cen Foot Hills Bernalillo 35-001-1012 3649 -8.2 17.9 -6.7 19.1 0.611
NM-Cen Bernalillo Sandoval 35-043-1001 3764 4.2 20.4 10.5 25.2 0.773
NM-Cen Santa Fe Santa Fe 35-049-0021 3759 0.6 18.8 4.0 21.3 0.654
NM-Cen Los Lunas Valencia 35-061-0008 3772 6.2) 22.2 12.2 26.7 0.715
NM-SSJ Coyote Rio Arriba 35-039-0026 3765 16.5 23.7 20.0 26.0 0.645
NM-SSJ Bloomfield San Juan 35-045-0009 3625 -6.0 22.4 -4.5 32.8 0.811]
NM-SSJ Navajo Lake San Juan 35-045-0018 3711 -12.2 20.5 -18.6 27.9 0.807]
NM-SSJ Chaco San Juan 35-045-0020 3679 -1.4 14.2 -0.2 15.2 0.689
NM-SSJ Sub Station San Juan 35-045-1005 3729 -1.6 15.5 -0.8 17.5 0.792
CO-NSJ Lake Capota Archuleta 08-007-7004 3577 31.7 37.2 36.4 40.3 0.702
CO-NSJ Shamrock La Plata 08-067-1004 3537 5.6 15.6 6.9 16.4 0.620
CO-NSJ Ignacio La Plata 08-067-7001 3699 2.4 21.3 4.4 25.6 0.757
CO-NSJ Bondad La Plata 08-067-7003 3686 -23.2 30.6 -46.3 54.2 0.793
CO-NSJ Cortez Montezuma 08-083-0006 3782 12.3 22.9 16.7] 25.4 0.704
CO-NSJ Mesa Verde NP Montezuma 08-083-0101 3783 -3.9 12.1] -4.3 12.6 0.619
CO-NSJ TowaocUMU2 Montezuma 08-083-8001 3794 3.4 14.3 4.3 14.9 0.666
AZ-Misd Chiricahua NM Cochise 04-003-8001 3768 1.8 19.3 4.4 20.5 0.569
AZ-Misq Petrified Forest NH Navajo 04-017-0119 3752 -4.1) 13.2 -3.7] 13.9 0.735
TX-Misg Palo Duro Randall 48-381-9991 3045 -16.1 22.0 -14.7 23.7] 0.702
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4.4 Ozone Model Performance in the Permian Basin

Four ozone monitoring sites operat ed in the Permian Basin  during 2022 : three in New
Mexico and one in Texas.  Inthe previous section (  Table 4-3 and Table 4-4), the NMB at the
four sites in the Permian Basin  mostly fell between the Performance Goal and Criterion for
MDAS8 and hourly ozone concentrations with an underestimation bias (i.e., NMB between
-5% and -15%) except for the Carlsbad Cavern site whose NMB underestimation bias

(-15.7%) was barely outside the bias Performance Criterion benchmark . Figure 4-4 shows
scatter and time series plots comparing predicted and observed MDA8 ozone concentrations

at the four sites in the Permian Basin . The scatter plots indicate the model underest imates
MDAS8 ozone with NMB ranging from -10% to -16% .

The monthly time series comparing predicted and observed MDA8 ozone concentrations at
Carlsbad City ( Figure 4-5) and Hobbs ( Figure 4-6) include results from the Phase | CAMx
2022v1 12/4 km flexinest and the current Phase I| CAMx 2022v2 4 km base case

simulations. Go od agreement in both simulations occur during the first 20 days of May,

which are dominated by the Boundary Conditions , a result known from the Phase | CAMXx
2022v1 12 km ozone source apportionment simulation . The model tends to underestimate
MDAS8 ozone throughout, but this underestimation is worse in July and Augus t than the
period of May to June. The CAMx 202 2v1 12/4 km fl exinest simulation tends to produce
higher ozone dueto  NOx emissions errors inthe O&G drilling and fracking for the 2022v1
inventory, as mentioned previously in Chapter 4. The incorrect emissions were fourtime s
too high compared to the 2022v2 emissions inventory .
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NMED_4km2022v2 O3_8hrmax for May10_Oct15

i CAMXx 2022v2 Base Case Model

NMED_4km2022v2 03_8hrmax for May10_Oct15
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Figure 4-4. Scatter plots of predicted (CAMx 2022v2 4 km) and observed MDAS8 ozone

concentrations at monit
left ), Carlsbad City
Mountains NP (481090002
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ori ng sites in the Permian Basin:
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), Hobbs (350250008
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NMED_4km2022v2 O3_8hrmax for AQS_Daily_03 Site: 350151005 in NM
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Figure 4-5. Time series plots of predicted and observed MDAS8 ozone concentrations at

the Carlsbad City  (350151005) monitoring site, the May, June, July and August months (top
to bottom) and the Phase Il CAMx 2022v2 4 km (red) and Phase | CAMx 2022v1 12/4 km
flexinest (blue) base case simulations







































































































































































































































