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I. INTRODUCTION 

In recent years, wildfires have caused substantial losses in both human life 

and property throughout the states of California and Nevada. These fires are 

expected to increase in both number and intensity due to climate change. Planning 

and protection against wildfires and other similar emergencies require both 

accurate weather forecasts and air quality impacts. These forecasts are only 

available at a few selected monitoring stations and, hence, they are lacking in 

areas located far away from these monitors, e.g., forests and unpopulated areas. 

In this project, AMI Environmental utilizes an objective, automated approach 

based on the mesoscale model WRF (Weather Research and Forecasting)  which 

is the most widely used and updated model available today. It has been developed 

by U.S. National Center of Atmospheric Research (NCAR) with contributions 

from weather agencies and universities, both in the US and around the world. 

Instead of forecasting at a few locations,  our forecasts of weather and air quality 

are performed at several thousand grid points as shown below.   

The WRF model is widely used in mesoscale meteorological modeling, 

including real-time forecasting and air quality studies by government agencies 

and well-known universities, both in the U.S. (e.g., EPA, National Weather 

Service and NASA) and abroad (e.g., Asia and Europe). Since 2000, AMI 

Environmental has applied the WRF model and its predecessor MM5 model in 

weather forecasts, air quality studies and wind energy applications, e.g.  daily 

weather forecasts for Southeast Asia. 

 

II. MODELING METHODOLOGIES 

As shown in Figure 1, the WRF domains cover most of California and 

Nevada. Three nested modeling domains are used: the outer grid (Domain 

D01) is comprised of 110x100 grid cells with a grid resolution of 12 km and two 

inner domains with a finer resolution of 4 km. Domain D02 focuses on Southern 
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CA/NV with 199x115 grid cells. Domain D03 focuses on Northern CA/NV with 

187x154 grid cells. All modeling grids use 31 vertical levels. Major physics 

options include YSU planetary boundary layer (PBL) scheme,  WRF Single 

Moment (WSM) 3-class microphysics option and Kain-Fritsch cumulus scheme.  

Daily four WRF weather forecasts valid for 48 hours are available 

for 00 UTC (16 PST), 06 UTC (22 PST), 12 UTC (04 PST) and 18 UTC (10 

PST).  Initial and boundary conditions are derived from the NCEP NAM 

CONUS forecasts. The forecasts are updated with the latest weather information 

and reports from satellites, radars, weather stations, airports and ships in the 

region. These weather forecasts were generated for all three modeling domains.  

Further, the WRF-Chem model with updated photochemistry and 

emissions is used to predict air quality impacts on ozone, PM2.5 and PM10 air 

quality. Due to intensive computing resources, these air quality forecasts are 

only produced daily for 06 UTC (22 PST) and 12 UTC (04 PST) for the 12-

km domain D01. In emergency situations such as urban/forest fires and 

pollution episodes, forecasts are also generated for the 4-km nested domains 

D02 and D03 if necessary. 

 

 

Figure 1 – Three WRF Modeling Domains 



Further, the WRF-Chem model is used to predict pollutant impacts on 

ozone, PM2.5 and PM10 air quality.  WRF-Chem is an extension of the WRF 

model coupled with Chemistry. The model simulates the emission, transport, 

mixing, and chemical transformation of trace gases and aerosols simultaneously 

with the meteorology. The model is used for investigation of regional-scale air 

quality, field program analysis, and cloud-scale interactions between clouds and 

chemistry. The development of WRF-Chem is a collaborative effort among the 

community, including scientists at NCAR,  NOAA/ESRL and DOE/PNNL. 

Photochemical reactions are simulated with the latest version of the MOZCART-

T1 photochemistry with 142 chemical species and 344 chemical reactions 

(NCAR,2018).  

Actual wildfires are reported by the interagency NASA FIRMS (Fire 

Information for Resource Management System)  and state agency such as Cal 

Fire.   Daily fire detection maps for California and Nevada are also published by 

the US Forest Service. For WRF-Chem modeling, active fires are identified by 

satellite MODIS and actual fire emissions are calculated with the FINN (Fire 

INventory from NCAR) methodologies with online plume rise calculations. 

Anthropogenic emissions are generated from the 2017 National Emissions 

Inventory (NEI) developed by US EPA. The NEI is a comprehensive and detailed 

estimate of annual total air emissions of both criteria  (NOx, SO2, PM, VOC) and 

hazardous air pollutants (HAPs) from all air emissions sources (point, area and 

line). VOC (Volatile Organic Compounds) are speciated according to the 

MOZCART photochemical mechanism.  

Biogenic emissions are calculated online with the MEGAN (Model of 

Emissions of Gases and Aerosols from Nature) model. It is driven by landcover, 

weather, and atmospheric chemical composition. MEGAN is a global model with 

a base resolution of ~ 1 km. 

Initial and boundary conditions are generated from the global forecasts of 

the Whole Atmosphere Community Climate Model (WACCM) operated by 

NCAR.   

All the above inputs to the WRF-Chem model are processed by 

preprocessors developed by NCAR. We acknowledge the use of the WRF-Chem 

preprocessor tools {anthro_emis, mozbc, fire_emiss, etc.} provided by the 

Atmospheric Chemistry Observations and Modeling Lab (ACOM) of NCAR. 

 

 



III. FORECAST OUTPUTS 

Weather forecasts from WRF are presented graphically for ease of use and 

understanding. All times in the following plots are given as UTC (Coordinated 

Universal Time) which is 8 hours ahead of Pacific Standard Time (PST = UTC-

8). The initialization and valid times are given in the top right-hand corner  of 

each plot. All plots are generated under PDF format. 

Surface weather maps are provided for surface winds, temperature and sea 

level pressure. Total precipitation is also plotted on a separate plot. A sample 

surface plot is given in Figure 2 below. 

 

Figure 2 – Sample Surface Weather Map 

 



At selected locations such as LAX, airports in Oakland and Las Vegas, 

vertical profiles of winds and temperature are presented as skew-T plots. A 

sample skew-T plot is depicted in Figure 3. 

 

Figure 3 – Sample Skew-T Plot 

 

Winds and temperature aloft are generated for pressure levels 850, 700, 

500 and 300 mb. Note that 1 hPa (hectopascal) = 1 mb (millibar). A sample upper-

air plot is given in Figure 4. 

 

 

 

 



 

Figure 4 – Sample Upper-Air Map 

 

Pollutant concentrations predicted by the WRF-Chem model are presented 

as contour maps of ozone (O3), particulate matter (PM2.5 and PM10). These plots 

show hourly-averaged pollutant concentrations. Ozone concentrations are given 

in ppb (parts per billion) and the particulate concentrations PM10 and PM2.5 in 

ug/m3 (micrograms per cubic meter). Established in 2015, the 8-hour averaged 

ambient air quality standard for ozone is 0.070 ppm or 70 ppb. An obsolete 

national standard for 1-hour ozone is 0.12 ppm or 120 ppb. For PM, 24-hour 

averaged ambient standards are 35 ug/m3 for PM2.5 and 150 ug/m3 for PM10. A 

sample PM2.5 contour map is depicted in Figure 5.  



In addition to the regional contour maps, time series plots of hourly 

pollutant concentrations are produced for 89 monitoring stations in California and 

19 monitors in Nevada.  

 

Figure 5 – Sample Pollutant Contour Map 

 

To quantify the health levels of concern the US EPA has defined Air 

Quality Index (AQI) in terms of pollutant concentrations. AQIs are calculated 

depending on ozone concentrations (1-hr and 8-hr averages) and 24-hour 

averages of PM2.5 and PM10. Figure 6 shows six AQI levels used by the US EPA, 

ranging from green (good air quality, AQI less than 50) to red (unhealthy, AQI 



between 151 and 200), purple (very unhealthy, AQI between 201 and 300) and 

maroon (hazardous, AQI greater than 300).  

 

Figure 6 – Air Quality Index (AQI) 

 Normally the AQIs are calculated at a few selected monitors located 

throughout the states, e.g., California has 89 monitors and Nevada 19 monitors.  

Figure 7 shows some Nevada monitors with forecasted AQI. These AQIs are 

available daily from the US EPA AirNow website (http://airnow.gov).  

 

Figure 7 – Some Nevada monitors with WRF-forecasted AQI 

http://airnow.gov/


Of primary interest in our WRF/WRF-Chem forecasts are the regional 

maps of AQI for both California and Nevada. A typical AQI map is shown in 

Figure 8. AQI maps are available separately for the first day and second day. 

Instead of calculating AQI at just a few selected monitors, our AQI maps are 

based on the computation at several thousand grid cells. For example, maps for 

the outer 12-km D01 are based on 11,000 (110x100) grid points. Our maps are 

valuable in areas located far away from monitoring stations or lacking 

measurements.  

 

Figure 8 – Sample AQI Map 

 



 

IV. SENSITIVITY TESTING 

 

A. Dust Module Options 

We have performed a sensitivity test of two dust options available in WRF-

Chem. The first option (dust_option=1) is based on the Global Ozone Chemistry 

Aerosol Radiation and Transport (GOCART). The second (dust_option=3) is also 

based on the GOCART scheme with some modifications by the Air Force 

Weather Agency (AFWA). Both options offer relatively simple treatment of five 

particle sizes depending on wind speed and local soil properties, and are described 

in recent publications (Ukhov et al., 2021; LeGrand et al., 2019). We performed 

two 48-hour AQI forecasts for June 18, 2021 starting at 1200 UTC. AQI maps 

are shown in Figures 9 and 10 for dust options 1 and 3, respectively. The major 

differences are the artificially high PM2.5 concentrations predicted by the first 

option for areas near the US-Mexico border. Compared to the AirNow 

observations, the AFWA scheme is more accurate and is, thus, used in the 

forecasting.     

   

  

Figure 9 – Predicted AQI for June 18-19, 2021 with Dust Option 1 



 

  

Figure 10 – Predicted AQI for June 18-19, 2021 with Dust Option 3 

  

B. Fire Emissions 

In WRF-Chem, fire emissions are calculated based on actual fires detected 

by satellites such as MODIS (Moderate Resolution Imaging Spectro-radiometer) 

on the NASA Terra and Aqua satellites. With a MODIS resolution of 250-1000 

m and a 2-day revisit period, actual fires are detected by comparing temperature 

in neighboring pixels. Using the satellite data, fire emissions are then calculated 

together with local land cover, fuel loading and emission factors. We have 

performed a sensitivity test of two fire emissions preprocessors, namely  the 

NCAR FINN (Wiedinmyer et al., 2011) and the PREP-CHEM-SRC v1.5 

preprocessor (Freitas et al., 2011). Speciated emissions (NOx, PM2.5, PM10, VOC) 

are given in the FINN emission file. Both of these programs offer online plume 

rise calculations. We performed two 48-hour AQI forecasts for August 3-4, 2021 

starting at 0600 UTC. There were large fires near the Oregon-California-Nevada 

borders. AQI maps are shown in Figures 11 and 12 for the FINN emissions and 

the PREP emissions, respectively. The FINN emissions show more fires than the 

PREP emissions. Compared to the AirNow observations, the FINN emissions are 



more accurate and are, thus, used in the forecasting. The PREP  emissions are 

also generated as a backup in case  the FINN emissions are not available. 

  

  

Figure 11 – Predicted AQI for August 3-4, 2021 with FINN Fire Emissions 

 

   



  

Figure 12 – Predicted AQI for August 3-4, 2021 with PREP Fire Emissions 

 

V. OTHER EMERGENCY APPLICATIONS 

 

For other emergencies such as accidental releases of hazardous chemicals, 

the WRF weather forecasts can be used by dispersion models to predict 

downwind concentrations. Predicted concentrations can be used to define hazard 

zones and make evacuation decisions. Available dispersion models include 

AERMOD, CALPUFF and SCICHEM. AERMOD and CALPUFF are available 

on the US EPA SCRAM website (www.epa.gov/scram) while SCICHEM from 

the EPRI Github (www.github.com/epri-dev/scichem) . Approved by the US 

EPA and other regulatory agencies, the AERMOD model is based on a straight-

line Gaussian plume formulation and widely used in short-range air quality 

impact modeling (within 50 km of the emitting source). CALPUFF and 

SCICHEM are based on a Gaussian puff formulation that can handle three-

dimensional wind fields that vary in both space and time. SCICHEM was 

extended from the SCIPUFF model to simulate both inert and reactive (ozone and 

PM2.5) impacts from a single facility (EPRI, 2021). Based on a sophisticated 

second-order turbulence scheme, it can handle both buoyant and dense gases, and 

its applicability ranges from near-field to continental scales. For dense gases such 

as LNG, it can treat the effects of gravitational spreading.      
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VI. CONCLUSIONS 

We have presented above an application of the WRF/WRF-Chem models 

for wildfire forecasting in California and Nevada. Daily 48-hour forecasts 

generated over a grid covering both states are available online. Meteorological 

forecasts are available for 0000, 0600, 1200 and 1800 UTC. Air Quality forecasts 

are produced for 0600 and 1200 UTC. Sensitivity tests of dust schemes and fire 

emissions were also performed to identify optimal modeling options. Major 

pollutant concentrations (ozone, PM2.5 and PM10) were used in calculating AQI 

(Air Quality Index) according to the algorithm recommended by the US EPA. 

Extensive graphics were used for ease of understanding of both meteorological 

and air quality predictions. These forecasts were generated at a resolution of 12 

km. With more powerful computers, the models can be run at a finer grid 

resolution, e.g., 1-2 km. For other emergencies, dispersion models such as 

AERMOD, CALPUFF and SCICHEM are available to predict downwind 

impacts. We hope that the above WRF/WRF-Chem forecasts will be useful in 

emergency planning and protection, such as forest/urban fires, storms, accidental 

releases of hazardous chemicals and air pollution episodes, so that potential losses 

of both life and property can be minimized. 

.  
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