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parameterization [Bash et al., 2013; Pleim et al., 2013], and gas-phase chemistry was parameterized with 133 

the CB05e51 mechanism [Appel et al., 2017].  Inorganic aerosol thermodynamics were simulated with 134 

ISORROPIA II [Fountoukis and Nenes, 2007] in metastable mode, where crystallization does not occur.  135 

Semi-volatile inorganic particle components (i.e., NO3
-, NH4

+, Cl-) in the Aitken and accumulation modes are 136 

assumed to be in bulk equilibrium with their gas-phase counterparts (i.e., HNO3, NH3, and HCl) in CMAQ, 137 

whereas diffusive mass transfer is explicitly simulated for semi-volatile coarse-mode particle components 138 

[Kelly et al., 2010].  Heterogeneous hydrolysis of N2O5 on Aitken- and accumulation-mode particles is based 139 

on Davis et al. [2008], and N2O5 hydrolysis on coarse-mode particles is based on Bertram and Thornton 140 

[2009] as described by Sarwar et al. [2012]. 141 

Gridded emission fields for CMAQ modeling were developed with the Sparse Matrix Operator Kernel 142 

Emissions (SMOKE) model [Houyoux et al., 2000] version 3.7.  The emissions modeling procedures used 143 

here are similar to those described in detail previously for national 12-km resolution modeling [USEPA, 144 

2017b].   Point source emissions were based on 2013 continuous emissions monitoring (CEM) data when 145 

available and state submitted data otherwise.  Anthropogenic non-point source emissions were based on 146 

version 2 of the 2011 National Emission Inventory (NEI11v2) [USEPA, 2016].  Onroad mobile source 147 

emission totals by county were estimated by interpolating totals from 2011 and 2014 based on EMFAC2014 148 

(www.arb.ca.gov/emfac/) modeling by the California Air Resources Board (CARB).  The interpolated onroad 149 

emission totals were then temporally and spatially allocated using results of a MOVES2014a (Motor Vehicle 150 

Emission Simulator; www.epa.gov/moves) simulation according to a hybrid procedure described previously 151 

[USEPA, 2012b; 2017b].  Offroad mobile source emission totals were also based on information provided by 152 

CARB.  The Biogenic Emission Inventory System (BEIS) version 3.61 was used with the Biogenic Emissions 153 

Landuse Database (BELD) version 4.1 to estimate biogenic NO and speciated VOC emissions [Bash et al., 154 

2016].  NH3 emissions from livestock and fertilizer application were based on NEI11v2 annual county totals 155 

that were allocated to hour of day using 2013 temperature data [USEPA, 2016].   156 

The Weather Research and Forecasting (WRF) model [Skamarock et al., 2008] version 3.7 was used 157 

to generate gridded meteorological fields for CMAQ and SMOKE.  WRFv3.7 was applied with 35 vertical 158 

layers from the surface to 50 mb with higher resolution near the surface to better resolve the planetary 159 

boundary layer (PBL).  Key physics options used in the WRF simulation include the Pleim-Xiu land surface 160 

model [Pleim and Xiu, 2003], asymmetric convective mixing model version 2 [ACM2; Pleim, 2007], RRTMG 161 

short and longwave radiation parameterization [Mlawer et al., 1997], and Morrison two-moment 162 

microphysics scheme [Morrison et al., 2009]. 163 

2.2 Measurements 164 
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 271 
Figure 2. (a) Median observed and 2x median modeled NH3 mixing ratio by CMAQ grid cell over all mobile 272 
ground laboratory sampling transects and (b) difference in median values. See text for description of grid 273 
cell median calculations. 274 

 275 

Median modeled NH3 mixing ratios are compared with CRDS and PTR-ToF-MS measurements from 276 

the P-3B aircraft in Figure 3.  Model results are scaled by three in the figure to better illustrate spatial 277 

patterns.  Similar to results of the mobile ground laboratory comparison, the spatial patterns of model 278 

predictions are in general agreement with P-3B NH3 measurements, but model predictions are too low in 279 

areas where elevated mixing ratios were observed.  One location where relatively large underpredictions 280 

are evident is Hanford, which is located just outside of the high emission and concentration region in the 281 

model (Figure 1).  NH3 measurements from the CRDS and PTR-ToF-MS were in good agreement near the 282 

surface during morning and afternoon P-3B aircraft spirals over Hanford (Figure S4) and indicate that 283 

median modeled mixing ratios were underpredicted by a factor of 7-9 in the 0-900 m altitude range.  For 284 

the mobile laboratory comparison in Figure 2, median NH3 mixing ratios over Hanford were underpredicted 285 

by a factor of 5.  Considering that Hanford is located just outside of a high emission region in the model, 286 

further examination of the spatial allocation of NH3 emissions in this area is warranted.  Modeled PBL 287 

heights were in reasonable agreement with empirical estimates at the Hanford site (normalized mean bias: 288 

-12%; Figure S2), and so errors in mixing height predictions are unlikely to explain the model-measurement 289 

differences.    290 
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 292 

Figure 3.  Median modeled and measured NH3 within the modeled PBL during 11-15 PST by model grid cell 293 
for P-3B flights in January and February 2013.  294 

 295 

3.2 Examining NOx, NOx/NOy, and NO3
- predictions 296 

 Average model predictions of NOy during 15 January to 5 February are shown in Figure 4a.  297 

Relatively high mixing ratios are predicted over Fresno, Bakersfield, and northern SJV cities (e.g., Modesto 298 

and Stockton) and along Highway 99 between these cities.  Average concentrations of fine particle NO3
- 299 

(Figure 4b) are more uniformly distributed across the Valley than are mixing ratios of NOy, which are 300 

elevated in areas with high NOx emissions.  The formation of NO3
- requires the oxidation of NOx to HNO3 301 

and is promoted by the mixing of urban air masses with air rich in NH3 from surrounding areas.  These 302 

dependencies help explain the broader average spatial distributions of NO3
- than NOy and NH3 (c.f., Figure 303 

1a).  Also, dry deposition velocities of HNO3 and NH3 are generally high compared with those of fine particle 304 

NO3
- and contribute to greater spatial gradients in NOy and NH3.   305 

 NOx and NOy were measured during a series of P-3B spirals over sites including major cities in the 306 

north (Fresno) and south (Bakersfield), rural locations in the west (Tranquility and Huron), and the Hanford 307 

site discussed above.  In Figure 5a, model predictions of NOx are compared with measurements during the 308 

aircraft spirals.  The model correctly predicted that the highest mixing ratios occurred in Bakersfield and 309 

Fresno, relatively low mixing ratios occurred in Tranquility and Huron, and mixing ratios generally 310 

decreased with altitude.  Yet NOx predictions were biased high in the 0-300 m bin at Bakersfield, Fresno, 311 

and Tranquility.  The ratios of NOx-to-NOy are shown in Figure 5b, where modeled NOy was calculated by 312 

summing gas-phase NOy components and 20% of fine particle NO3
-.  Size distribution measurements during 313 

the flights indicate that the majority of fine particle NO3
- existed in particles with diameters less than 500 314 

Hanford Hanford Hanford 
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 333 

Figure 5. Comparison of modeled and measured (a) NOy and (b) NOx/NOy mixing ratio distributions for 334 
300-m altitude ranges for P-3B aircraft spirals (see Figure 4a for site locations).  Boxes bracket the 335 
interquartile range (IQR), lines within the boxes represent the median, and whiskers represent 1.5 times 336 
the IQR from either end of the box. 337 

 338 

In Figure 6, average TNO3 mixing ratios are shown for P-3B measurements at altitudes within the 339 

modeled PBL during 11-15 PST by model grid cell for cells with measurements on at least four days.  340 

Modeled TNO3 mixing ratios were generally biased high compared with the measurements, especially 341 

along Highway 99 between Fresno and Bakersfield.  The relatively large TNO3 overpredictions between 342 

Bakersfield and Fresno resulted in weaker daytime gradients between the cities and surrounding areas for 343 

the model than were identified by Pusede et al. [2016].  Modeled TNO3 was biased low relative to the 344 

ground site measurements in Fresno (see section 3.3).   345 
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