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Proposal Title: An epidemiological and environmental modeling analysis of public health risks from 
wildfire smoke exposure 
 
Principal Investigator: Timothy J. Brown 
 
I. Overview 
 
This research project addresses JFSP FON 14-1-04 Task Statement 4 - Effects of smoke from wildland 
fires on human health in urban centers. We intend to answer all four task element questions: 1) What type, 
magnitude, and extent of adverse health effects have been documented (e.g., hospital admission records or 
other clinical evidence) from past smoke intrusions? Which emissions are responsible for documented 
health effects?; 2) At what levels of smoke concentration should evacuations or other extreme evasive 
actions be considered, recommended, or required?; 3) How do these concentrations relate to current and 
proposed air quality indices?; 4) What methods could be employed to estimate or measure smoke 
concentration levels with spatial coverage appropriate to the level of potential air quality impact and 
potential resulting public risk, especially in locations with no or limited monitoring data? 
 
The Desert Research Institute and the University of Nevada’s Orvis School of Nursing and Department of 
Physics will complete the proposed research with collaboration from the Yosemite National Park, and 
input from the Washoe County Health agency in Nevada and the Idaho Department of Environmental 
Quality. The proposed project timeline is two years, and will have applications during the project as well 
as upon completion. We intend to deliver information and recommendations immediately beneficial to 
health and regulatory agencies managing smoke exposure risk and impacts. 
 
1. Project Justification and Expected Benefits 
 
Large fires in 2013 produced record-level particle 
air pollution for numerous urban areas of the 
Western United States. This study proposes to 
examine three fire cases in Nevada and Idaho. The 
Rim Fire’s plume trail impacted air quality in 
urban basins of northern Nevada reaching an 
hourly PM2.5 peak of 427 µg/m3 (NDEP, 2013). 
The American fire in August also contributed to 
reduced air quality in Reno, Nevada. Figure 1a 
shows a time series of PM2.5 concentrations in 
Reno during August. The Beaver Creek fire in 
Idaho created air quality index levels (AQI) in the 
Unhealthy to Hazardous ranges (Figure 1b). 24-
hour concentrations were above the unhealthy 
sensitive group for several weeks. Air quality 
agencies and media, respectively, reported public 
health risks from these fires. For at least one week 
during the Rim Fire air quality levels were 
considered harmful and lead to event cancellations 
and modified human activity to protect the 
population from smoke exposure. The Beaver 
Creek fire smoke caused an evacuation of nearly 
all of Ketchum and a loss of tourism, which 
affected the economy of the region. These urban 
areas, along with many others in the West, are 
likely to be impacted in the future as well given 

their proximity to heavily forested areas and 
expected increases in population density. 
 

 
Figure 1a. Time series of hourly PM2.5 
concentration at the University of Nevada - Reno 
monitoring station during August 2013.

 
Figure 1b. Example air quality index for Ketchum, 
Idaho on 17 August 2013. 

 

Motivation 

•  Human health impacts of wildfire smoke exposure 
•  Visibility and radiative forcing impacts for climate 
•  Increasing drought conditions in western U.S. = more fires 



Motivation 
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King Fire 2014 
Terra- 17 Sep 2014 

Chips Fire 2012 
Aqua - 3 Aug 2012 

Rim Fire 2013 
Aqua –22 Aug 2013 

70km 70km 70km 

Uncertainties in aerosol optical depth (AOD) satellite remote 
sensing algorithm 

•  Uniformly mixed aerosols of homogeneous composition  
•  All aerosols are contained within the boundary layer  
•  Surface reflectance: Dark Target (dark) & Deep Blue (bright) 



Objectives and Hypotheses 

Objectives 
•  Determine uncertainty of satellite AOD using ground-based AOD  
•  Investigate the relationship between columnar AOD & PM2.5 

•  Use models and upper air data to understand aerosol transport 
from wildfire smoke plumes  

•  Develop daily, spatially-resolved surface PM concentration fields 

Hypotheses 
•  Complex atmospheric transport will lead to uncertainties in 

satellite retrieval algorithms 
•  Columnar AOD and surface PM2.5 will not be linearly correlated  
•  Wildfire smoke will improve sensitivity of satellite retrieval  
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Approach 
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•  Collect MODIS satellite retrievals for AOD 
•  Collect NASA AERONET ground-based sunphotometry AOD data  
•  Collect PM2.5 concentration data from monitoring networks 
•  Collect balloon sounding data  
•  UNR Photoacoustic and Integrated Nephelometer (PIN) measurements  
•  Evaluate spatial satellite retrivals for AOD using AERONET data 
•  Investigate atmospheric physics using balloon and PIN data 
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Cimel CE-318 Sun photometer     Photoacoustic and Integrated Nephelometer    Beta Attenuation Monitor (PM2.5)      



Satellite Domain and AOD Monitors 
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                Satellite Domain             AERONET Locations 

•  10-­‐km	
  horizontal	
  resoluLon	
  
•  One	
  swath	
  two	
  Lmes	
  per	
  day	
  

•  12	
  AOD	
  monitors	
  
•  Hourly	
  data	
  during	
  daylight	
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Spatial R2 and Normalized Mean Bias (NMB)  
Terra (AM): Three Years, Non-fire Periods 
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Spatial R2 and Normalized Mean Bias (NMB)  
Terra (AM): Three Years, Fire Periods 
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Reno: AERONET versus MODIS AOD 
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                      Dark Target                        Deep Blue  

•  Deep Blue for bright surfaces, Reno = Desert 
•  Deep Blue under predicts AOD for fire periods 



Fresno: AERONET versus MODIS AOD 
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                      Dark Target                        Deep Blue  

•  Deep Blue better correlation, Fresno = Desert? 
•  Deep Blue under predicts AOD for fire periods 



Diurnal Atmospheric Boundary Layer 
(Planetary Boundary Layer - PBL) 
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Convective Boundary Layer Height (CBLH) 
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CBLH 
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Apparent Optical Height (AOH) 
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Raman Lidar Picture of the Convective Mixed Layer at the DOE ARM 
site in North Central Oklahoma. (Courtesy of Dr. David Turner) 

Estimates the height that aerosols can reach in the atmosphere 
•  In-situ photoaccoustic and reciprocal nephelometer: Surface βext 
•  Ground-based sunphotometry: Columnar AOD (τext) 



Vertical Profiles: CBLH and AOH 
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MODIS AOD: August 2013 - Rim Fire 
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Reno: PM2.5, AERONET and MODIS AOD 
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Fresno: PM2.5, AERONET and MODIS AOD 



HYSPLIT Back Trajectories: 31 Aug 2013 
24 hour, NAM 12-km 
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The two trajectories from Fresno that pass over the smoke plume are at 4km and 5km, above the 
PBL height therefore the smoke plume is not mixed down to surface level.  It is important to 
investigate both the complex smoke plume physics and emissions inventory uncertainties to 
improve the modeling for smoke plume transport and surface air quality prediction related to 
wildfire smoke emissions. 

          
3.1  Air Quality Modeling   
 The CTM (CMAQ, U.S. EPA) uses meteorology outputs from a numerical weather 
prediction model (Weather Research and Forecasting, WRF) and emissions modeling (SMOKE) 
to generate spatiotemporal fields of air pollutant concentrations.  The CMAQ model incorporates 
emissions, meteorological, and chemical processes but the model output is not nudged or 
calibrated to observations therefore predicted concentrations may be biased.  This is particularly 
true for situations with high uncertainties in the meteorological or emissions modeling.  For 
example, the wildfire episodes in the Western U.S. discussed above where it is difficult for the 
NWP model to capture the physical phenomena and high uncertainties in the biomass burning 
emissions inventory data.  In this work the wildfire events will be investigated with CMAQ to 
assess the transport of smoke plumes, air quality concentrations, and precursors for secondary 
pollutants.  This modeling will focus on regional transport processes impacting locations in the 
Western U.S.  The most recent version of the CMAQ model will be used (CMAQ v5.0.2) so 
additional air toxics species can be modeled (i.e., trace species - Hg, Pb, Cr, Ni, Cd).  This will 
enable the comparison between simulated trace metals and the observed species concentrations 
from ambient monitoring networks (e.g., CSN and IMPROVE discussed above).  Emissions 
inventories are required as inputs to the SMOKE model and this work will use the 2011 National 
Emissions Inventory (NEI) and for wildfires the Fire INventory from NCAR (FINN).  The 
outermost domain will cover the Continental U.S. (12-km horizontal resolution, CONUS) and 
one nested domain will cover the Western U.S. (4-km resolution).   

The impact of grid resolution on pollutant concentrations will be investigated using the 
CONUS and nested domain results and comparing with monitoring network data.  It is expected 
that a finer resolution will improve the model performance; however the model will still have 
problems in complex terrain due to the planetary boundary layer (PBL) parameterizations.  The 
PBL equations are simplified based on Monin-Obukhov similarity theory and empirical data that 
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Figure 4.  Left: Time series plot of AOD (black) and PM2.5 (red) for fire season in August 2013 for Reno, NV 
and Fresno, CA.  Right: HySplit backward air mass trajectories over visible satellite image from MODIS for 
wildfire smoke plumes on 31st August 2013 at 20:00UTC using NAM 12-km meteorology data.!
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MODIS AOD: September 2014 - King Fire 
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Reno: PM2.5, AERONET and MODIS AOD 
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HYSPLIT Back Trajectories: 9 Sep 2014 
 Reno 24 hour, NAM 12-km 

MODIS 19th 10:00 
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Conclusions 

Summary 
•  AOD satellite retrievals have high uncertainty in the western U.S. due to 

complex terrain, bright surface, heterogeneous aerosol profiles 
•  Aerosols above the CBL, enhanced by smoke plume injection above CBL 
•  Wildfire smoke improves the correlation between AERONET & MODIS but 

does not improve the bias 
•  Surface PM2.5 is not linearly correlated with columnar AOD 

Future Directions 
•  Data fusion of MODIS AOD and PM2.5 observations, with and            [AGU]           

without calibration using AERONET to estimate surface PM2.5 

•  Statistically quantify uncertainties in MODIS AOD using AERONET   [AGU]    
data, and attribute to parameterizations in retrieval algorithm 

•  Use spatial surface PM2.5 concentrations to estimate wildfire smoke 
exposure in California and Nevada 

www.unr.edu/~hholmes 


