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Abstract 

Results from a regional air quality forecast model, AIRPACT-3, were compared to 

AIRS carbon monoxide column densities for the spring of 2010 over the Pacific 

Northwest.  AIRPACT-3 column densities showed high correlation (R>0.9) but were 

significantly biased (~25%) with consistent under-predictions for spring months with 

significant transport from Asia.  The AIRPACT-3 CO bias relative to AIRS was 

eliminated by incorporating dynamic boundary conditions derived from NCAR's 

MOZART forecasts with assimilated MOPITT carbon monoxide.  Changes in ozone-

related boundary conditions derived from MOZART forecasts are also discussed and 

found to affect background levels by ±10 ppb but not found to significantly affect 

peak ozone surface concentrations.  
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1 Introduction 

 Carbon monoxide (CO) is emitted into the atmosphere from the incomplete 

combustion of hydrocarbons and industrial processes such as iron smelting.  CO is 

regulated as an EPA criteria pollutant because of its direct adverse effects on human 

health. It also indirectly affects air quality through reactions with other species in the 

atmosphere.  CO reacts with the hydroxyl radical (OH), and can lead to increases in 

tropospheric ozone in the presence of NOx (NO + NO2).  In the past few decades, 

catalytic converters on automobiles have significantly reduced CO emissions by 

catalytic oxidation to CO2.  However, because the lifetime of CO can be several 

weeks (Yienger et al, 2000; Jaffe et al., 2001), elevated CO events can occur along 

the west coast of the US due to transport of polluted  air masses across the Pacific 

Ocean from industrialized Asian cities (Jaffe et al., 2001).  Frontal lifting allows the 

export of pollution from Asia via the free troposphere (Liu et al., 2003; Liang et al., 

2004). This phenomenon has been shown to be most influential during the spring 

due to stronger cyclones and westerly winds (Liang et al., 2004).  This inter-

continental transport of polluted air masses is potentially a significant air quality 

issue for the western US. 

 State agencies are required by the US EPA to report the sources of air 

pollutants in the region and relevant surface monitor concentrations.  Air quality 

models help those state agencies understand air quality dynamics and gain 

understanding of expected concentrations in areas without monitors.  Boundary 

conditions to the models are usually provided in the form of time-independent 

concentrations based on limited set of observations or climatological monthly profiles 

developed from global chemistry transport models (GCTM).  However, these 

boundary conditions do not contain the day-to-day variability in long-transport that 

can affect air quality within the simulation domain.  GCTMs such as the Model of 
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OZone And Related Tracers, version 4 (MOZART-4; Emmons et al., 2010) can 

provide daily forecasts of Pacific transport to specify chemical boundary conditions 

for the western US.  The National Center for Atmospheric Research (NCAR) currently 

produces MOZART-4 global chemical forecasts that include the assimilation of CO 

column retrievals from the Measurement Of Pollution In The Troposphere (MOPITT) 

satellite instrument.  

The treatment of boundary conditions can be a large source of uncertainty in 

an air-quality model since the boundary conditions essentially act as a continual 

source of pollutants to the modeling domain.  Tang et al., (2007) analyzed several 

global models for the International Consortium for Atmospheric Research on 

Transport and Transformation (ICARTT) campaign to test the impact of the global 

model boundary conditions on regional US model predictions.  They identified the 

time-varied external signals as the largest benefit to the regional predictions, 

because events such as biomass burning and Asian air mass inflow could be 

adequately modeled.  However, differing configurations of global models were found 

to be a major source of uncertainty in the regional-scale predictions.  Tang et al., 

(2007) found that the mean ozone distributions below 3 km were insensitive to the 

global boundary conditions, while values in the mid to upper troposphere were 

dominated by the global model boundary conditions. This was attributed to the fact 

that ozone processes in the lower troposphere are normally dominated by local 

emissions and chemistry.  Zhang et al. (2008) found that Asian pollution enhanced 

surface ozone concentrations by 5-7 ppbv over western North America in spring 

2006 and that these enhancement levels were primarily due to background ozone 

rather than to episodic pollution events.  Jaffe et al., (2003) showed that background 

ozone in the western USA has increased ~10 ppbv between 1984 and 2002, which 

corresponds to a mean trend of 0.26 ppbv per year (Jaffe and Ray, 2007).  
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Tang et al. (2007) found that regional model predictions of CO at both high 

altitudes and at the surface are sensitive to changes in boundary conditions from 

global models. Ozone and carbon monoxide are often well correlated in pollution 

plumes over the Pacific in the free troposphere but elevated ozone is not observed at 

the surface except at mountain sites (Goldstein et al., 2004; Jaffe et al., 2005).  

Tang et al., (2007) suggest that the use of global model boundary conditions can 

improve regional air quality predictions and would benefit from data assimilation 

methods to better constrain the global models.   

This paper has four overall goals: 1) to quantify the effect of using NCAR’s 

MOZART-4 forecasts with assimilated MOPITT carbon monoxide as a dynamic 

boundary condition for AIRPACT-3, a regional air-quality forecasting system for the 

Pacific Northwest, focusing on long-lived species that can be transported large 

distances; 2) to assess the concentrations of CO coming across the Pacific that 

influenced the AIRPACT-3 domain in the spring of 2010; 3) to evaluate AIRPACT-3 

CO performance using the AIRS/Aqua carbon monoxide satellite product; and 4) to 

determine the influence that the new dynamic boundary conditions have on 

AIRPACT-3's ozone simulations. 

2 Methods 

2.1 AIRPACT-3:  

The Air Indicator Report for Public Access and Community Tracking v.3 

(AIRPACT-3) is a numerical air-quality forecast system for the Pacific Northwest 

reporting to the public daily via the web.  The AIRPACT-3 system combines 

atmospheric chemistry and meteorology using community modeling software 

including the Weather Research and Forecasting (WRF; Skamarock et al., 2005) 

meteorological model, the SMOKE (Houyoux et al., 2005) emission processing 

system, and the Community Multi-scale Air Quality Model (CMAQ). The governing 
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equations of CMAQ can be found in Byun and Schere (2006), which describes the 

calculations for advection, diffusion, chemical reactions, photolysis, cloud mixing, 

aerosol dynamics, and deposition.  The AIRPACT-3 domain (shown in Figure 1) uses 

95 x 95 (9025 total) 12 km x 12 km grid cells and 21 vertical layers with layer 

thickness increasing from the surface to the tropopause.   Further details describing 

AIRPACT-3 and recent evaluation results using surface monitors are given in Chen et 

al. (2008).  Daily forecasts and archives, along with automated evaluation results 

based upon AIRNow monitoring data, are provided on the AIRPACT-3 web site 

(http://lar.wsu.edu/airpact). 

 In AIRPACT-3, the SMOKE tool is used to process anthropogenic emission 

categories for each forecast simulation.  Area and non-road mobile emissions are 

based on the 2002 EPA National Emission Inventory (NEI) adjusted to 2005 using 

the EPA’s Economic Growth Analysis System (EGAS) software.  On-road mobile 

emissions are generated using emission factors from the EPA MOBILE v6.2 model 

and state-specific activity data and are adjusted for WRF-forecast temperature.  

Anthropogenic emissions over the provinces of British Columbia and Alberta, Canada 

are included from the 2000 Greater Vancouver Regional District (GVRD) inventory.   

 Until February 2011, AIRPACT-3 used monthly-averaged chemical boundary 

conditions (BCON) derived from MOZART-2 simulations (Horowitz, 2006).  These 

boundary conditions were obtained through the downscaling of the MOZART-2 output 

(version 2.4) global chemical transport model.  In these MOZART-2 simulations, 

historical and projected changes in emissions were included but feedbacks from 

climate change and trends in stratospheric ozone were ignored.  These monthly 

boundary conditions were calculated by averaging daily simulations for the year 2000 

using the Intergovernmental Panel on Climate Change Special Report on Emission 

Scenarios (IPCC SRES), scenario A2.  On March 1, 2011 AIRPACT-3 switched to 

dynamic boundary conditions derived from daily MOZART-4 forecasts with 

http://lar.wsu.edu/airpact
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assimilated MOPITT CO simulated at NCAR.  For the purposes of this paper, 

simulations using the old monthly boundary conditions are referred to as "original 

AIRPACT-3"; and simulations using dynamic boundary conditions derived from 

MOZART-4 are referred to as "AIRPACT-3 MBC". 

 For the period of analysis presented here, AIRPACT-3 employed WRF 

meteorological forecast fields provided by colleagues at the University of Washington 

(Mass et al., 2003; http://www.atmos.washington.edu/mm5rt/).  The 38 layers 

provided in these meteorological fields were interpolated to the 21 vertical layers 

used by AIRPACT-3, with minimal layer collapsing from the surface to ~700 mb and 

collapsing of three WRF layers per AIRPACT-3 layers above ~700 mb.  The AIRPACT-

3 vertical levels are coincident with the WRF levels to help ensure reasonable mass 

conservation (Otte and Pleim, 2010).  Daily AIRPACT-3 forecasts provide hourly trace 

gas mixing ratios which are converted to a vertical column density (VCD) and 

summed vertically for direct comparison to tropospheric column density satellite 

retrievals, as described in Herron-Thorpe, et al. (2010). 

In order to properly compare the static model grid to varying satellite grids, 

the AIRPACT-3 cells that fall within the spatial boundaries of each satellite pixel are 

averaged, effectively reducing the resolution of the model results to equal that of the 

satellite, and then interpolated back to the AIRPACT-3 grid through use of a 

Delaunay triangulation scheme.   

 

2.2 MOPITT: Measurement Of Pollution In The Troposphere  

 MOPITT is a gas-correlation radiometer on-board the NASA Terra satellite 

launched in 1999.  Satellite overpass in northern mid-latitudes occurs twice daily at 

~10:15 a.m. (descending) and ~10:45 p.m. (ascending) local time.  Carbon 

monoxide is retrieved from the observed radiances using a maximum a posteriori 

(MAP) algorithm (e.g., Rogers, 2000).   The V4 retrievals of CO, based on the 

http://www.atmos.washington.edu/mm5rt/
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thermal infrared channels, are available from March 2000 through the present both 

as total column amount and as mixing ratio profiles at 10 levels, for each geo-

located 22 km x 22 km pixel (Deeter et al., 2010).   

 

2.3 MOZART: Model of OZone And Related Tracers  

The MOZART GCTM is built on the framework of the Model of the Atmospheric 

Transport and Chemistry (MATCH) (Rasch et al., 1997).  MOZART-4 has the following 

upgrades from MOZART-2: the chemical mechanism treats volatile organic 

compounds (VOCs) with more speciated compounds, online calculations of aerosols 

are included, photolysis rates take into account aerosols and clouds, albedo changes 

are derived from MODIS, water vapor is calculated from surface moisture flux, nitric 

oxide (NO) emissions from soil and lightning have been updated, and upper and 

lower boundary conditions are better constrained.  Horowitz et al. (2003) gives a 

detailed description of MOZART-2 while Emmons et al. (2010) gives a detailed 

description of MOZART-4 and how it differs from MOZART-2.  The MOZART-2 

simulations used the EDGAR-2 emissions inventory (with climatological fire 

emissions) for the year 2000 while MOZART-4 simulations at NCAR are based upon 

the Precursors of Ozone and their Effects in the Troposphere (POET) inventory for 

anthropogenic emissions (Emmons et al., 2010). 

 

2.4 AIRPACT-3's Dynamic Boundary Conditions derived from MOZART-4 forecasts 

NCAR provides MOZART-4 global chemical forecasts (on the web at 

http://www.acd.ucar.edu/acresp/forecast/) which are driven by National Center for 

Environmental Prediction (NCEP) Global Forecasting System (GFS) forecast 

meteorology. These forecasts use the Fire Information for Resource Management 

System (FIRMS), developed by the University of Maryland 

(http://maps.geog.umd.edu/firms/firedata.htm), which provides fire counts and 

http://www.acd.ucar.edu/acresp/forecast/
http://maps.geog.umd.edu/firms/firedata.htm
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locations based on near real-time MODIS fire counts.  A monthly climatology of 

emissions per fire count is scaled by the daily fire counts to give biomass burning 

emissions estimates.  The fire emissions climatology was created from the Global 

Fire Emissions Database (GFED-v2) (van der Werf et al., 2006) and from monthly 

total fire counts from MODIS for 2000-2008 (Al-Saadi et al., 2008).  The chemical 

conditions that AIRPACT-3 receives from MOZART-4 include assimilation of MOPITT 

CO.  CO is assimilated in MOZART-4 as a full reacting species using a suboptimal 

Kalman Filter technique, as described in Lamarque (2004). The MOPITT and MOZART 

CO total columns are compared and MOZART-4 CO profiles are subsequently scaled 

to match the MOPITT column.  The magnitudes of changes in CO are small but the 

impact can grow with time.  

NCEP/GFS analysis meteorological files become available at ~16:00 (Pacific 

Standard Time) and are used for the first 24 hours of the MOZART-4 simulations 

used in this work, which includes assimilation of MOPITT CO.   Forecast files are 

ready for MOZART-4 at ~22:30 and are used for the remaining 72 hours of the 

MOZART-4 simulation, completing at ~7:00 the next day.  The first 8 hours of the 

MOZART-4 results are removed, the next 24 are used for AIRPACT-3 boundary 

condition archives, and the next 64 hours are converted to CMAQ-ready boundary 

conditions for the AIRPACT-3 operational forecast.  The AIRPACT-3 surface forecasts 

become available each morning at http://lar.wsu.edu/airpact/ with emissions maps 

and performance charts at surface monitor locations.   

 

2.5 AIRS: Atmospheric InfraRed Sounder 

 The Atmospheric Infra-Red Sounder (AIRS) provides twice daily global 

observations of carbon monoxide which are used in this study as a source for 

independent validation of AIRPACT-3’s carbon monoxide predictions. AIRS was built 

by BAE Systems and launched aboard NASA’s Aqua satellite in 2002 and orbits as 

http://lar.wsu.edu/airpact/


 

9 

part of the “Afternoon”-Train.  AIRS retrieves daily global air and surface 

temperature, water vapor, cloud properties, carbon monoxide, methane, ozone, and 

carbon dioxide (http://www-airs.jpl.nasa.gov/).  AIRS and AMSU (Advanced 

Microwave Sounding Unit) were designed to meet the weather prediction 

requirements of NOAA and the global change research objectives of NASA.    AIRS is 

able to obtain vertical information about its retrievals by detecting the change in 

spectra of molecules at varying temperatures.  Sun-synchronous infrared retrievals 

are obtained at ~1:30 a.m. and ~1:30 p.m. local time, with a 1650 km swath width 

that nearly allows twice-daily global coverage.  The level-2 CO AIRS data is reported 

on the AMSU ground footprint and varies from 36 to 50 km in length (along-track), 

determined by the angle of rotation of the scan mirror along the line of flight. AIRS 

uses an infrared spectrometer and a visible light/near-infrared photometer.  The 

infrared spectrometer has spectral coverage from 3.74 to 4.61 μm, from 6.20 to 

8.22 μ m, and from 8.8 to 15.4 μ m. The spectrum for CO is sampled twice per 

spectral resolution element for 36 channels (Olsen, 2007). Further information can 

be found at http://airs.jpl.nasa.gov/technology/ .     

Both the AIRS level-2 and level-3 products provided useful information for 

this study.  The level-3 product served as a useful tool to quickly plot a large area of 

the globe and qualitatively understand how CO is transported across the Pacific.  The 

vertical and horizontal resolution of the level-2 product provides a better comparison 

to the relatively fine resolution of AIRPACT-3.  AIRS level-2 data includes a total 

column and 9 trapezoidal layers of CO mixing ratio with pressure vertices at 1.25, 

41.1, 156, 254, 351, 505, 706, 853, and 960 mb (at sea level).  The error in the 

volume mixing ratio retrievals is large for layers close to the surface, and a fair 

number of pixels are flagged as poor quality, but overall AIRS provides valuable 

information about the daily distribution of CO in the atmosphere.   

 

http://www-airs.jpl.nasa.gov/
http://airs.jpl.nasa.gov/technology/coverage/
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2.6 Applying the AIRS Averaging Kernel to AIRPACT-3 CO Forecasts: 

 An averaging kernel expresses the relative sensitivity of an instrument to the 

abundance of the target species within the layers throughout the atmospheric 

column.  The instrument averaging kernel should be applied to model results so that 

modeled columns can be correctly compared to the satellite retrievals.  Applying the 

averaging kernels helps users account for variations in the satellite’s response due to 

changes in geometry, terrain variables, cloud properties, meteorology, and the 

modeled “first guess” CO profiles for each retrieved pixel.  An averaging kernel 

matrix for each 9-layer profile that AIRS retrieves is available in the AIRS CO support 

product files.  As discussed in Olsen & Fishbein et al. (2007) and Maddy & Barnet 

(2008) the averaging kernel is convolved with a model profile by the following:   

)](log)([log')(log)'(log 0101001010 xxFAFxx  (1)  

Where x is the original modeled CO profile, x’ is the new convolved model profile, x0 

is the AIRS “first guess” profile, F is an overlapping trapezoidal function, and F’ is 

the pseudo-inverse of F.  F is a 100 x 9 matrix, A is a 9 x 9 matrix, and F’ is a 9 x 

100 matrix, and all profiles are 100 element arrays.  The AIRS CO first guess profile 

is defined by the MOPITT first guess profile plus the Air Force Geophysical Laboratory 

profile above 7 mb.  Convolving model data with the averaging kernel requires the 

user to vertically interpolate their data to the 100 pressure levels of the first guess 

profiles used in the algorithms.  Furthermore, F is not included in the support 

product but can be computed offline by the user as a function of the pressure 

profiles.  Coding for this step was developed with support from Edward Olsen and 

Eric Maddy (personal communication).  The convolved AIRPACT-3 profiles were also 

interpolated back to the original 21 AIRPACT-3 layers for calculating the convolved 

vertical column density. 
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3 Results & Discussion 

3.1 Dynamic BCON vs. original BCON for AIRPACT-3 

The Pacific Northwest is relatively isolated and has limited emissions sources.  

Most of the urban areas modeled by AIRPACT-3 are located far from the domain’s 

boundaries, so the potential for boundary conditions to cause significant change in 

criteria pollutants is greatest for air pollutants with long atmospheric residence times 

(e.g. CO, O3 and PAN).  The carbon monoxide in AIRPACT-3's boundary conditions 

(Figure 2) usually increases by ~50 ppbV in the troposphere as a result of using the 

dynamic BCON, with even greater increases during large Pacific transport events.  

Tropospheric ozone concentrations in AIRPACT-3's dynamic boundary conditions can 

increase by ~10 ppb during Pacific transport events, but concentrations can decrease 

as well.  Furthermore, patterns and peaks of surface ozone are similar to the original 

AIRPACT-3 boundary conditions since surface ozone is largely driven by radiation and 

local emissions.   

 

3.2 Influence of trans-continental pollution on AIRPACT-3's western boundary 

 AIRS retrieved three extremely polluted air masses with an average VCD over 

2.6 x 1018 molecules cm-2 along the western AIRPACT-3 boundary during the month 

of April 2010.  However, no such extreme events occurred during the month of May 

2010.    MOZART-4 forecasts with assimilated MOPITT carbon monoxide provided a 

realistic representation of springtime boundary conditions for the Pacific Northwest.  

The monthly averaged MOZART-2 boundary conditions previously used by AIRPACT-

3 contained no periodic pollution events crossing into the domain and were also 

consistently low on average, whereas the MBC simulations were much more 

accurate, as shown in Figure 3.  During April and May of 2010 the largest differences 

in MBC AIRPACT-3 CO, as a result of using the dynamic boundary conditions, were 
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on the order of +50 ppbV and often occurred in the low to mid-troposphere, as 

shown in Figure 4.   

 

3.3 Distribution of CO in the AIRPACT-3 Domain 

The horizontal distribution of CO in the AIRPACT-3 simulations agrees well 

with AIRS retrievals.  In general, the highest VCD values occur along the coast, near 

AIRPACT-3's western boundary and over the Interstate-5 corridor from Vancouver 

B.C., through Seattle, WA, and down to southern Oregon.  Linear correlations for the 

whole domain are quite high (r2=0.9) for night and day VCD monthly averages, as 

shown in Figures 5 and 6 respectively.  The dynamic boundary conditions do not 

significantly change the linear correlation for the whole domain.  The original 

AIRPACT-3 simulations of column CO are 25% lower than AIRS retrievals, on 

average across the whole domain, with larger negative biases during the day.  In 

contrast, the MBC AIRPACT-3 simulations result in CO columns that are 10% higher 

than AIRS retrievals on average across the whole domain, with larger biases during 

the night.  Table 1 summarizes these carbon monoxide column results. 

The AIRS CO averaging kernels have the largest magnitude in the mid-

troposphere, between 700 and 400 mb; thus, AIRS has the most sensitivity to CO in 

that atmospheric region, represented as the sum of averaging kernels at each 

pressure level and reported by AIRS as “verticality”, shown in Figure 7.  The columns 

that result after applying the AIRS averaging kernel are less than the pre-convolved 

columns by a few percent (see Figure 8), with the most decreases in column density 

along the coastal waters and non-polluted high-terrain areas.  The original AIRPACT-

3 simulations of column CO with the averaging kernels applied are 25% lower than 

AIRS retrievals, on average across the whole domain, with larger biases during the 

day.  In contrast, the MBC AIRPACT-3 simulations with the averaging kernels applied 

result in CO columns that are only 1.5% higher than AIRS retrievals, on average 
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across the whole domain.  The AIRPACT-3 MBC simulations convolved with the AIRS 

averaging kernels typically result in boundary layer values ~50 ppb less than the 

non-convolved results (see Figures 9-12), and have good correlation to the vertical 

distribution of CO in AIRS retrievals.  The original AIRPACT simulations typically have 

profiles that are closer to the AIRS first guess profile values and exhibit less change 

when the averaging kernels are applied.   

 

3.4 Effects of Dynamic Boundary Conditions on Surface Ozone 

Modeled surface ozone during April and May of 2010 was directly influenced 

by the dynamic boundary conditions, especially at sites near the boundary itself.  For 

the two modeled months the lowest correlation (R2 < 0.1) of surface ozone, and 

therefore largest differences between model simulations, occurred at Northern 

California sites that were immediately influenced by the southern boundary 

conditions.  AIRNow sites in this southwestern part of the modeling domain exhibited 

an average absolute difference of 5-6 ppb of ozone between AIRPACT-3 and 

AIRPACT-3 MBC simulations, which were largely caused by differences in the surface 

layer of the boundary conditions.  Sites further than a few grid cells from the 

boundary exhibited far less change, especially sites at low elevations.  Sites further 

into the domain that exhibited the most correlation (R2 > 0.75), with changes less 

than 3.5 ppb of ozone, were all low elevation sites (H < 120 m.)  Elevation was 

found to have an inverse relation to the correlation between model simulations at 

AIRNOW sites in the domain (R2 = 0.3), which can be expected because elevated 

sites are exposed to more of the polluted air aloft.  Timelines of AIRPACT-3, 

AIRPACT-3 MBC, and AIRNow reported values of ozone during April and May of 2010 

are available in the Supplemental Materials section. 

We chose to additionally model August of 2010, when surface monitor ozone 

concentrations were highest for the year, in order to assess the impact of dynamic 
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boundary conditions on predicted surface concentrations of summertime ozone 

during a policy relevant period.  Carbon monoxide was significantly higher near the 

coastline and along the western part of the domain (Figure 13) in the MBC 

simulations, with less effect further inland.  Figure 14 shows the ozone performance 

of AIRPACT-3 at 4 AIRNOW sites for an 8-day period.  Dynamic boundary conditions 

led to 5-15 ppb less simulated surface ozone at most AIRNow locations before the 

maximum ozone event.  However, ozone maximums were very similar across most 

of the domain, and only after the ozone maximum did MBC simulations rise 5 ppb 

over the original simulations.  In contrast, elevated areas (H > 300 m.) near the 

northwest corner of the domain had higher peak surface ozone in the MBC 

simulations.  The most southern and eastern parts of the domain exhibited different 

trends during this time period, with significant decreases in surface ozone in the MBC 

simulations for Redding, CA and very small differences in the Salt Lake City, UT 

region.  These results can be expected since polluted air masses from Asia can often 

be influenced by regional meteorology, drawing the air masses northerly toward 

Alaska coastline where they eventually cross the coastline in a south-easterly 

direction, typically resulting in elevated background concentrations off the coast of 

Vancouver Island and southern California (Figure 15).   

 

4 Conclusions & Future Work 

 NCAR’s daily MOZART-4 forecasts with MOPITT CO assimilation have made it 

possible to upgrade AIRPACT-3 to a state-of-the-science method for specifying 

boundary conditions.  Differences between the dynamic and original BCON illustrate 

how highly periodic trans-continental air pollution events are raising regional 

“background” levels of species such as carbon monoxide and ozone in the middle 
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troposphere.  This is especially a concern for areas with high surface elevation that 

already have an air-quality problem.   

Without applying the AIRS averaging kernel, the comparisons would lead us 

to believe that AIRPACT-3 has a CO column bias of +10%.  However, application of 

the averaging kernels shows that the new dynamic boundary conditions have 

improved AIRPACT-3 performance considerably, changing the average CO column 

bias from -25% to +1.5%.  Furthermore, AIRPACT-3 and AIRS show excellent 

agreement in vertical and horizontal distribution of CO.  Ozone and other molecular 

species found in polluted air masses also have more realistic representations in the 

AIRPACT-3 MBC simulations.  Summertime surface ozone predictions were affected 

most near the western borders of the AIRPACT-3 domain, especially for elevated 

areas near the coast.  The surface ozone performance increased for most monitor 

locations in the domain with the MBC simulations, largely due to dynamic 

background ozone not being captured by the original simulations.  The original 

monthly averaged boundary conditions were reasonable for ozone but did not have 

the spatial and temporal variability that the MBC simulations can deliver.  

In the future, we plan to use correlations of CO to other species, pioneered by 

Jaffe and colleagues (http://www.atmos.washington.edu/jaffegroup/modules/MBO/), 

in tandem with satellite products (i.e. AOD) and NCAR’s global modeling to adjust 

the dynamic boundary conditions.  This should be especially useful in discriminating 

active wildfires from long-range pollution episodes so that aerosols and other species 

associated with the events may be estimated (see Paton-Walsh et al., 2010).   
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7 Tables and Figures 

Table 1: Summary of 2 p.m. (top) and 2 a.m. (bottom) carbon monoxide for 

AIRPACT-3 vs AIRS (All times are in Pacific Standard Time) 

 

AIRPACT-3 vs AIRS Summary: 

Afternoon     

  

(r) Linear 

Correlation 

Avg. AIRS 

(molec/cm2

) 

Avg. 

Model Bias 

(%) 

Avg. 

AIRPACT-3 

April, 2010  0.93 2.1E+18 -25.2% 1.6E+18 

May, 2010 0.93 2.0E+18 -28.4% 1.4E+18 

       

April, 2010 (w/ AK) 0.93 2.1E+18 -26.4% 1.6E+18 

May, 2010 (w/ AK) 0.92 2.0E+18 -28.3% 1.4E+18 

       

April, 2010 (MBC) 0.93 2.1E+18 6.4% 2.3E+18 

May, 2010 (MBC) 0.94 2.0E+18 6.2% 2.1E+18 

       

April, 2010 (MBC w/ AK) 0.90 2.1E+18 1.5% 2.2E+18 

May, 2010 (MBC w/ AK) 0.90 2.0E+18 2.8% 2.0E+18 

     

     

AIRPACT-3 vs AIRS Summary:  

After midnight    

  

(r) Linear 

Correlation 

Avg. AIRS 

(molec/cm2

) 

Avg. 

Model Bias 

(%) 

Avg. 

AIRPACT-3 

April, 2010  0.97 2.0E+18 -19.5% 1.6E+18 

May, 2010 0.97 1.9E+18 -24.5% 1.4E+18 

       

April, 2010 (w/ AK) 0.97 2.0E+18 -22.2% 1.6E+18 

May, 2010 (w/ AK) 0.97 1.9E+18 -23.9% 1.4E+18 

       

April, 2010 (MBC) 0.97 2.0E+18 13.6% 2.3E+18 

May, 2010 (MBC) 0.98 1.9E+18 11.7% 2.1E+18 

       

April, 2010 (MBC w/ AK) 0.97 2.0E+18 -0.1% 2.0E+18 

May, 2010 (MBC w/ AK) 0.97 1.9E+18 -1.7% 1.9E+18 
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Figure 1: Elevation in the AIRPACT-3 domain and US Interstate Route 5 drawn as orange line.   

The domain includes Washington, Idaho, and Oregon with partial inclusion of California, Nevada, Utah, Montana, Wyoming, 

British Columbia, and Alberta. 
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Figure 2: Typical nighttime carbon monoxide and ozone boundary conditions 

for the original AIRPACT-3 BCON (left) and the updated dynamic boundary 

conditions (right).  May 16, 2010 is shown. 
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Figure 3: the average CO VCD along AIRPACT’s western boundary during April and May of 2010 for ~2 p.m. and ~2 

a.m..    
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Figure 4: Carbon monoxide vertical profiles midway along AIRPACT-3’s western boundary for April 15 (solid lines) 

and May 16 (dotted lines) at ~2 p.m.   
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Figure 5: Nighttime (~2:00 a.m.) carbon monoxide total column monthly averages for April and May of 2010. 

The linear correlation of AIRPACT-3 vs AIRS CO is plotted (left) with original AIRPACT-3 in red and MOZART BCON-updated 

AIRPACT-3 in blue.  Corresponding maps of the region (right) show the distribution of CO across the domain.  Note: the AIRS 

averaging kernels have not been applied to the AIRPACT-3 results. 
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Figure 6: Daytime (~2:00 p.m.) carbon monoxide total column monthly averages for April and May of 2010.   

The linear correlation of AIRPACT-3 vs AIRS CO is plotted (left) with original AIRPACT-3 in red and MOZART BCON-updated 

AIRPACT-3 in blue.  Corresponding maps of the region (right) show the distribution of CO across the domain.  Note: the AIRS 

averaging kernels have not been applied to the AIRPACT-3 results. 
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Figure 7: AIRS carbon monoxide verticality for a few pixels in the Spring of 

2010 (separated by color), showing that AIRS has most sensitivity to 

carbon monoxide in the middle troposphere.   

When convolving the AIRPACT-3 profiles with the AIRS averaging kernels, portions of 

the convolved profile where verticality is over 1 typically increase, while they 

decrease where verticality is less than 1. 
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Figure 8: Daytime (~2:00 p.m.) carbon monoxide total column monthly averages for April and May of 2010 (w/ 

avg. kernels).   

The linear correlation of AIRPACT-3 vs AIRS CO is plotted (left) with original AIRPACT-3 in red and MOZART BCON-updated 

AIRPACT-3 in blue.  Corresponding maps of the region (right) show the distribution of CO across the domain.   
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Figure 9:  April 2010 monthly average (~2 p.m.) carbon monoxide profiles along the south border of AIRPACT-3 

for (a) AIRS level-2 v5, (b) original AIRPACT-3, (c) AIRPACT-3 MBC, (d) original AIRPACT-3 convolved with the 

AIRS averaging kernel, and (e) AIRPACT-3 MBC convolved with the AIRS averaging kernel.   

Note that AIRPACT-3 values shown are the predicted CMAQ concentrations, and not boundary conditions themselves.  For 

reference, x-axes run from west to east: offshore northern California (left) to Salt Lake City (right). 
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Figure 10:  April 2010 monthly average (~2 p.m.) carbon monoxide profiles along the east border of AIRPACT-3 

for (a) AIRS level-2 v5, (b) original AIRPACT-3, (c) AIRPACT-3 MBC, (d) original AIRPACT-3 convolved with the 

AIRS averaging kernel, and (e) AIRPACT-3 MBC convolved with the AIRS averaging kernel.   

Note that AIRPACT-3 values shown are the predicted CMAQ concentrations, and not boundary conditions themselves.  For 

reference, x-axes run from south to north: Salt Lake City (left) to the Alberta/British Columbia border (right). 
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Figure 11:  April 2010 monthly average (~2 p.m.) carbon monoxide profiles along the north border of AIRPACT-3 

for (a) AIRS level-2 v5, (b) original AIRPACT-3, (c) AIRPACT-3 MBC, (d) original AIRPACT-3 convolved with the 

AIRS averaging kernel, and (e) AIRPACT-3 MBC convolved with the AIRS averaging kernel.   

Note that AIRPACT-3 values shown are the predicted CMAQ concentrations, and not boundary conditions themselves.  For 

reference, x-axes run from west to east: Vancouver Island (left) across British Columbia to the Alberta/British Columbia border 

(right). 
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Figure 12:  April 2010 monthly average (~2 p.m.) carbon monoxide profiles along the west border of AIRPACT-3 

for (a) AIRS level-2 v5, (b) original AIRPACT-3, (c) AIRPACT-3 MBC, (d) original AIRPACT-3 convolved with the 

AIRS averaging kernel, and (e) AIRPACT-3 MBC convolved with the AIRS averaging kernel.   

Note that AIRPACT-3 values shown are the predicted CMAQ concentrations, and not boundary conditions themselves.  For 

reference, x-axes run from south to north: offshore northern California (left) to Vancouver Island (right).   

 

 



 

3
5
 

Figure 13: Change in AIRPACT-3's predicted surface concentrations of carbon monoxide (left) and ozone (right) 

for the peak ozone hour (August 17, 2010).   

Warm colors denote larger concentrations in the dynamic boundary conditions simulation (MBC) while cooler colors denote 

larger concentrations in the original AIRPACT-3 simulations (baseline). 
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Figure 14: AIRPACT-3's predicted surface concentrations of ozone and 

AIRNOW measurements at four sites during peak ozone in August 2010.   

Blue lines denote AIRNOW, solid red lines denote the new AIRPACT-3 MBC 

simulations, and dotted red lines denote AIRPACT-3 simulations with static boundary 

conditions.   
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Figure 15: AIRS carbon monoxide columns for April 8 – 12 over the Pacific 

Northwest from the AIRS level-3 data product.  Borders of the AIRPACT-3 

domain inserted for reference.  Frames are 12 hours apart and sequence 

from left to right, top to bottom.  

 

 


