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June 25, 2012

TECHNICAL MEMORANDUM No. 12: SEA SALT AND LIGHTNING

To: Tom Moore, Western Regional Air Partnership (WRAP)

From: Ralph Morris, Chris Emery and Jeremiah Johnson, ENVIRON
Zac Adelman, University of North Carolina

Subject: Sea Salt and Lightning Emissions

INTRODUCTION

ENVIRON International Corporation (ENVIRON), Alpine Geophysics, LLC (Alpine) and the
University of North Carolina (UNC) at Chapel Hill Institute for Environment are performing the
West-wide Jump-start Air Quality Modeling Study (WestJumpAQMS) managed by the Western
Governors’ Association (WGA) for the Western Regional Air Partnership (WRAP).
WestJumpAQMS is setting up the CAMx photochemical grid model for the 2008 calendar year
(plus spin up days for the end of December 2007) on a 36 km CONUS, 12 km WESTUS and
several 4 km Inter-Mountain West modeling domains. The WestlJumpAQMS Team are currently
compiling emissions to be used for the 2008 base case modeling, with the 2008 National
Emissions Inventory (NEI) being a major data source. The Team is preparing 13 Technical
Memorandums discussing the sources of the 2008 emissions by major source sector:

1. Point Sources including Electrical Generating Units (EGUs) and Non-EGUs;

2. Area plus Non-Road Mobile Sources;

3. On-Road Mobile Sources that will be based on MOVES;

4. Oil and Gas Sources (in several installments);

5. Fires Emissions including wildfire, prescribed burns and agricultural burning;
6. Fugitive Dust Sources;

7. Off-Shore Shipping Sources;

8. Ammonia Emissions;

9. Biogenic Emissions;

10. Eastern USA Emissions;

11. Mexico/Canada;
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12. Sea Salt and Lightning Emissions; and

13. Emissions Modeling Parameters including spatial surrogates, temporal adjustment
parameters and chemical (VOC and PM) speciation profiles.

This Technical Memorandum #12 discusses the approach to be used for developing 2008
emissions for sea salt and lightning.

SEA SALT EMISSIONS

Marine aerosols are created by turbulence, bubble breaking and viscous shear from winds
blowing over the ocean surface, and range in size from sub-micron to larger than 100 microns
(um). As waves in the ocean break, they entrain air into the water, creating bubbles. Bubbles
are transported through water column by turbulence and Langmuir circulations, and rise under
their own buoyancy. As bubbles reach the ocean surface, surface tension on the interfacial film
collapses and the film shatters. The collapse of the bubble cavity produces an upward-moving
jet of water, and velocity differences along the surface of the jet render it unstable and cause it
to break up into droplets. Each bubble can make as many as 10 jet drops with typical radii of 1-
2 um (possibly exceeding 10 um), and several hundred film drops in the sub-micron range. At
wind speeds greater than ~9 m s, spume droplets are produced as wind shears off the tops of
waves. This mechanism produces large droplets with radii greater than 4 um.

For the WestlJumpAQMS we propose to use the sea salt emissions pre-processor developed for
the CAMx model that is described below.

SEA SALT EMISSIONS PROCESSOR

The sea salt emissions pre-processor estimates time/space-varying emissions of sea salt
aerosol. The source code is distributed with Linux “make” scripts that invoke the Fortran90
compiler and compile/link the executable programs with system libraries. The user will need to
edit the respective make scripts to ensure the correct compiler and associated flags are set
according to their system specifications. The sea salt emissions pre-processor is publicly
available and one of the support programs available on the CAMx website™.

Sea salt production is usually calculated at a relative humidity of 80%, which is typical at 10
meters above the surface in the marine boundary layer. Because salt is hygroscopic, the size of
a sea salt aerosol changes with the ambient relative humidity, growing when the humidity
increases and shrinking in drier air. The radius at 80% relative humidity is roughly twice that of
dry aerosol (Fitzgerald 1975); another way to state this is that the wet radius at 80% humidity is
equivalent to the dry diameter. In parameterizing sea spray emissions, several assumptions are
made. The most important is that the aerosol size can be described by a single quantity such as
the dry mass or radius at a given relative humidity. All sea salt aerosols are assumed to have
the same relative composition of dissolved substances, and properties like density and index of

1 http://www.camx.com/download/support-software.aspx
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refraction are independent of particle size. Droplets are presumed to have an insoluble core of
pure sodium chloride (NaCl).

A widely accepted formulation for sea spray droplet flux from the open ocean surface was
proposed by Monahan et al. (1986). Monahan used discontinuous functions to predict marine
aerosol production as a function of wind speed (at 10 meter height) and radius at 80% relative
humidity for sizes of 0.8 um, 10 um, 75 um, 100 um, and over 100 um. The Monahan
parameterization is given by:

aa_F = 1373U%% r® (L+0.057 1% Jpotroeel#')
r

where Fis the flux of particles (um™m™s™), Uy is the 10 meter wind speed (m s™), and r is the
droplet radius (microns) at 80% relative humidity. The exponential term B is given by:

B = (0.38-log,r)/0.65

The Monahan parameterization gives reasonable fluxes for the dry aerosol radius range of 0.2-4
um (Guelle et al. 2001; Gong et al. 2002; Gong 2003). However, Gong (2003) showed that the
Monahan parameterization overestimates sea salt aerosol production at dry radii smaller than
about 0.2 um, and modified the Monahan flux equation as follows:

% = 1.373U2% r* (1+0.057 r¥ )10te7eol#’)

where
A = 470+0r)°""

with © = 30, and
B = (0.433-log,,r)/0.433

Either the Monahan or the Gong parameterization may be used in the sea salt aerosol emission
program for aerosols with dry radii less than 4 um.

The Monahan spume flux generation function also has been shown to generate too many sea
spray droplets at dry radii greater than 4 um (Guelle et al. 2001; Gong et al. 2002; Gong 2003).
Following the work of Grini et al. (2002), and Liao et al. (2004), the Smith and Harrison (1998)
parameterization is used for aerosols with dry radii greater than 4 um:

oF > A exp(— filn(r/r, )2)

or i=1,2

where ro; =3 um, ro;=30um, f;=1.5,f,=1,A;= 0.2 Uzo>°, and A, = 6.8x10° Uy,°.
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The Smith-Harrison parameterization gives a sea spray flux that is too small compared to
observations for dry radii less than 4 um, and so it is applied only above 4 microns. The fluxes
from the Monahan/Gong and Smith-Harrison parameterizations join reasonably well at ~4
microns dry radius for a range of wind speeds (Grini et al. 2002).

The emissions pre-processor integrates the sea salt flux over a default distribution of size bins
from Grini et al. (2002) and between minimum and maximum limits specified by the user in the
job script. For example, if the desired range of sea salt dry diameters is 0 to 2.5 microns, the
sea salt emissions program will integrate between those two extremes, breaking the integral up
into smaller pieces defined by the default bins of Grini et al. in order to improve the accuracy of
the integration. The emitted dry particle mass is calculated from the integrated flux assuming a
spherical particle geometry and a dry aerosol density of 2250 kg m™ (Grini et al. 2002).

The emissions pre-processor also considers the contribution from breaking waves in the coastal
surf zone. The surf zone sea spray aerosol is calculated using either the parameterization of
Deleeuw et al. (2000) or the Gong (2003) open ocean approach by assuming 100% whitecap
coverage. The Gong approach is strongly recommended as it leads to a more realistic emission
flux that is less strongly influenced by wind speed. To calculate surf zone emissions, the user
must specify the surf zone width and coastline length in each grid cell that contains a coastline.
The coastline length can be set in two ways:

1. Let the program set the coastline length to the size of the grid cells (i.e., a linear
coastline across the full width of each grid cell) [this is the default approach];

2. Set the coastline length manually for each grid cell (requires an additional program to
prepare a separate input file) [to support this capability requires GIS processing to
resolve actual coastline lengths].

The surf zone width is specified by the user for each coastline grid cell within a special text map
file that defines the spatial distribution of ocean-covered grid cells. Four surf zone widths are
supported: 10, 20, 50, and 100 m. The structure of this ocean map file is described below.

The sea salt pre-processor splits emissions into particulate sodium and chloride components for
particulate modeling.

The sea salt program generates hourly gridded CAMx-ready emission files containing sea salt
aerosol for the day(s) specified in the job script.

The user must specify domain information (location, grid resolution, grid size). The
meteorological input fields include the layer height grid, pressure, temperature, wind, and
clouds.

The user must also supply a CAMx-ready land use file and a separate text-formatted ocean
mask file. The text file should be developed independently by the user according to the CAMx
landuse file. Since CAMx landuse classifications do not necessarily differentiate between water
bodies as being ocean (salt water) or inland (fresh water), it is left to the user to make the
distinction by developing the ocean mask file. This file defines which grid cells contain sea

773 San Marin Drive, Suite 2115, Novato, CA 94998 P: 415-899-0700 F: 415-899-0707
Www.environcorp.com



ENVIRON Page 5

water as well as the user-selected surf zone width for coastline grid cells. An example is shown
in Figure 1: grid cells labeled “1” represent open ocean; grid cells labeled “0” represent land (or
fresh water); and grid cells labeled “2” through “5” represent coastline with a specific surf zone
width, as follows:

Coastline Cell Value | Surf Zone width (m)
2 10
3 20
4 50
5 100

These assigned surf zone width values are hard-coded in the program code but can be changed
by editing the code and recompiling. In the example shown in Figure 1, all coastline cells are
labeled with “4”, denoting a 50 m surf zone width.

11140000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11140000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11114000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111444000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111114000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111114000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111114000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111114000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111114000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111444000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111140000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111140000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111140000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111114044444000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
1111211111211111411111444400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
1111111212111211111111111144444440000000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111112111112111112111111111111114400000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111112211122111221111211111111140000000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111111111111111111111111114400000000000000000000000000000000000000000000000000000000000000000000000000000000
11111112111112111112121111211111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000
11111112211122111221111211111111111400000000000000000000000000000000000000000000000000000000000000000000000000000000
11111111111111111111111111111111111144000000000000000000000000000000000000000000000000000000000000000000000000000000
11111112111121211111221111211111111111111440000000000000000000000000000000000000000000000000000000000000000000000000000
11111112121111211112114111211111111111111114440444440000000000000000000000000000000000000000000000000000000000000000000
111111121211121111114041111111211111211111111114111114000000000000000000000000000000000000000000000000000000000000000000
11111111111111111114111111111111111111111111111111400000000000000000000000000000000000000000000000000000000000000000
11111111111111111111111111111111111111111111111111400000000000000000000000000000000000000000000000000000000000000000
11111121112111211221121121211221121121211121111111111111140000000000000000000000000000000000000000000000000000000000000000
11111111111111121111111211211111111111111111111111111140000000000000000000000000000000000000000000000000000000000000000
11111111111111111111111111111111111111111111111111114444440000000000000000000000000000000000000000000000000000000000
111111111111112111111221111212211111212111112121111111111111114000000000000000000000000000000000000000000000000000000000
1111111111111121112111212112112111211211111112111111111111111111400000000000000000000000000000000000000000000000000000000
11111112111111121111121221111222211111212211111121111111111111111144000000000000000000000000000000000000000000000000000000
1111111111111121111112211111222111111212111111221111111111111111111400000000000000000000000000000000000000000000000000000
111111111111111111111121111111111111111111111111111111111111111140000000000000000000000000000000000000000000000000000
11111112111111211111212211112222111112122111111221111111111111111111114000000000000000000000000000000000000000000000000000

Figure 1. Example text-formatted ocean mask file for the sea salt emission pre-processor.

The WestJumpAQMS will use the CAMXx sea salt emissions pre-processor with the 2008 WRF
data to generate sea salt emissions for the 36 and 12 km modeling domains. The 4 km domains
are inland so will not have any sea salt emissions.
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LIGHTNING

NOy is formed in lightning channels as the heat released by the electrical discharge causes the
conversion of N; and O, to NO. The modeling of lightning and its emissions is an area of active
research. For example, the mechanism for the buildup of electric potential within clouds is not
well understood and modeling the production, transport and fate of emissions from lighting is
complicated by the fact that the cumulus towers where lightning occurs may be sub-grid scale
depending on the resolution of the model. Given the importance of lightning NOy in the
tropospheric NOy budget and in understanding its effect on upper tropospheric ozone and OH,
lightning NOy is typically incorporated in global modeling (e.g. Tost et al. 2007; Sauvage et al.
2007; Emmons et al., 2010), and has also been integrated into regional modeling studies (e.g.
Allen et al. 2012; Koo et al., 2010).

Lightning NOy emissions (LNOy) can be estimated directly based on the number of lightning
flashes, the intensity of each flash, the lightning type (cloud-to-ground vs. cloud-to-cloud), and
the amount of NOyx emitted per flash. While the number of lightning flashes and flash intensity
can be determined from data gathered by the National Lightning Detection Network (NLDN),
there is uncertainty in the estimates of emissions of NOy per flash. As a result, there is a large
variation in reported global lightning NOy emissions, with values ranging from 1-20 Tg N year™
(Schumann and Huntrieser, 2007; Zhang et al., 2003a,b; Lee et al., 1997).

Because formation of lightning NOy is associated with deep convection in the atmosphere, LNOy
production is typically parameterized in terms of the modeled convective activity. LNOx
production is often assumed to be related to cloud top height or convective rainfall. One
shortcoming of this approach is that convective clouds where lightning typically occurs are
difficult for atmospheric models to simulate accurately. Errors in the modeled amount and
intensity of cumulus convection can degrade the simulation of LNOx production. It is possible
to estimate lightning emissions based on observations of lightning flashes. There are surface
networks that observe lightning flash activity (such as the NLDN) as well as satellite
observations of lightning from the Lightning Imaging Sensor (LIS) and the Optical Transient
Detector (OTD) instruments. While it is possible to construct an LNOy emission inventory based
on observed flash counts, this type of emission inventory will not provide a self-consistent
simulation of the vertical transport of LNOx due to modeled convection. For example, if
lightning flashes are observed in a region where no convective activity is predicted by the
model, emissions of LNOx may be allowed to remain near the surface, whereas the actual
atmosphere would be undergoing intense vertical mixing due to convection, causing some of
the emitted LNOy to be transported rapidly into the upper troposphere by convective updrafts.

Recent efforts to model LNOy production have taken a hybrid approach that preserves the
consistency of the modeled convection and the location of LNOy emissions, but also attempts
to constrain the LNOy emissions to match observed distributions of lightning or an estimate of
total emissions. A number of such schemes are available (e.g., Allen et al. 2010; Murray et al.
2012). For the WestlJumpAQMS we selected a modified version of the scheme of Koo et al.
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(2010) because this scheme is consistent with the approach outlined above and has already
been implemented as a CAMx preprocessor.

Koo et al. (2010) estimated annual total LNOy emissions for North America using NLDN flash
data from Orville et al. (2002) and (Boccippio et al., 2001). The NO emissions factor that
determines the amount of NO generated per flash of lightning is taken from the EULINOX study
(Holler and Schumann, 2000) and is 9.3 kg N per flash. Using these data, Koo and co-workers
estimate the total LNOy emissions for North America to be 1.06 Tg N year'. Lightning
emissions are then allocated to grid cells where modeled convection occurs using convective
precipitation as a proxy for lightning activity. The hourly and gridded 3-D lightning NO
emissions are calculated as follows:

E(x,t) = RyoPc(x, t)D(x,t)p(x, t)

where E(x,t) is the NO emission rate (mol hr'') at time t and grid location x; Ryo is the NO
emission factor; Pc is the convective precipitation (m hr') at time t and grid location x; D(x,t) is
the convective cloud depth (m) at time t and grid location x; and p(x,t) is the pressure (Pa) at
time t and grid location x. Constraining the total emissions within North America to 1.06 Tg N
year™ requires that Ryo be equal to 3.9x10*2.

Koo and co-workers (2010) used this parameterization to generate emissions for the 2002
calendar year in an air quality modeling study that was examining the effects of natural sources
on background ozone concentrations. Because lightning NOy is dispersed compared to
anthropogenic NOyx emissions, it is frequently not included in ozone modeling studies.
However, as ozone standards are reduced and emission controls reduce anthropogenic
emissions, lightning NOx emissions will become more important. Figure 2 displays the column
integrated LNOy emissions for January and July 2002 from the Koo et al., (2010) study. As
expected, there is more LNOy in the summer when convective activity is present than the
winter that is more characterized by frontal storm passages. The higher convective activity in
the southeast also results in higher LNOy emissions. Koo et al., found that of the natural
sources they studied, LNOyx had some of the highest impact on ozone concentrations, with a
maximum increase in annual average ozone concentrations of 6 ppb occurring in the
southeastern U.S.
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a January 2002 b July 2002
500 112 T 500 112
375 ars
250 250
125 125
0 0
mol hr-1 mol hr-1
1 1
January 1,2002 0:00:00 July 1,2002 0:00:00
Min=  Oat(1.1) Max= 615 at(146.57) Min=  0at(43,1) Max= 59580 at(147.37)

Figure 2. Spatial plots of the total vertical column lightning NOX emissions averaged over the
months of January and July 2002 (Source: Koo et al., 2010).

For the WestJumpAQMS two modifications were made to the Koo et al., parameterization that
modified the vertical distribution of the emissions and used observed monthly NLDC data for
the 2008 year to set the total monthly North America LNOy emissions, rather than long-term
estimates of annual average values.

Comparison of the vertical distribution of LNOyx emissions produced by the Koo et al.
parameterization with observed lightning activity data presented in Allen et al., (2012) and
Hansen et al. (2010) suggests that the Koo scheme produces a distribution of LNOy that is too
strongly peaked in the lower atmosphere. Therefore, we reviewed the available literature to
determine an alternate approach to distributing the LNOx emissions in the vertical.

Ott et al. (2010) used a three-dimensional cloud resolving model (CRM) to simulate six mid-
latitude and subtropical thunderstorms that were the subject of intensive field studies.
Lightning within the thunderstorms was monitored by ground-based observing systems and
research aircraft measured the chemical properties (including NOy) of the atmosphere in the
clouds. Ott et al. modeled NOy within the clouds and then compared the modeled NOy
distribution with in-cloud aircraft data. They developed vertical profiles for allocating LNOx in
regional or global models that are specific to the type of thunderstorm that was modeled. They
developed subtropical, mid-latitude and tropical profiles, which are shown in Figure 3. They
recommend using the tropical profile with caution, as they did not model any tropical storms,
but instead, based the tropical profile on extrapolation of the subtropical profile.
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Figure 12. Avermge vertical distnbution of percentage of LNO, mass per kdometer following
convection (solid) for the (a) subtropical and (b) midhtitude contmental regimes. Dashed line shows
polynomial fit. Midlattude continental profik from Pickering et al. [1998] (dash-dot) is also shown in
Figure 12b. The hypothetical tropical manne profile (c) was careatod by extrapolating the subtropical
average profile to a higher tropopause regime while fhe tropical continental profile was constructed using
the Pickering et al. [1998] profile with the boundary layer maximum removed and that mass redistributed
mto hyers rom 4 to 11 km,

Figure 3. Vertical Profiles of LNOy emissions from Ott et al. (2010)

The profiles of Ott et al. are consistent with the Pickering et al. (2006) profile used in the
MOZART modeling study of Fang et al (2010) and others as well as with observation-based
profiles of lightning activity collected in the southeast U.S. (e.g. Allen et al., 2012; Hansen et al.
2010). The Ott scheme is currently used to distribute LNOy in the vertical in the GEOS-Chem
model (Murray et al., 2012).

Ott et al. (2010) recommend that in the northern hemisphere warm season, the subtropical
profile be used south of 40°N and the mid-latitude profile be used northward of 40°N; this
guidance was followed in the present study. They suggest that the profile be scaled to the
modeled cloud top height in each grid cell and that when the cloud top height is less than 16
km, the fraction of LNOx be taken from those layers and redistributed evenly to the layers from
surface to cloud top, and this recommendation was followed, as well.

The second update to the Koo et al., LNOy processor is to tie the 2008 lightning emissions to
actual 2008 monthly observed lightning detections across North America, rather than historical
annual averages of North America lightning emissions. The National Lightning Detection
Network, (NLDN), consists of over 100 remote, ground-based sensing stations located across
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the United States that instantaneously detect the electromagnetic signals given off when
lightning strikes the earth's surface. These remote sensors send the raw data via a satellite-
based communications network to the Network Control Center operated by Vaisala Inc. in
Tucson, Arizona. If feasible, monthly LNOyx emissions for 2008 will be used with the hourly 2008
WRF data for each month to generate hourly lightning emissions for the 2008 annual period.
Figure 4 displays the spatial distribution of the NLDN data for January and July 2008 and
compares it to the climatological average. For January, the two methods of processing the
NLDN observations results in similar amounts of lightning strikes of 0.62 and 0.74 F/s that
compares favorably with the climatological average (0.71 F/s). Although the spatial distribution
of the January 2008 lightning has more in the Central States-Midwest (e.g., OK, MO and IL) than
the climatological average that is mainly in TX and the Gulf (Figure 4a). There are many more
lightning strikes in July 2008 than January that covers most of the U.S. (Figure 4b). The July
2008 lightning strikes (16.27 and 16.90 F/s) are much greater than the climatological average
(11.62 F/s), especially over NB-IA-MO-IL. The monthly NLDN data can be used to estimate
monthly LNOy emissions for a given domain using the EULINOX study estimate of 9.4 kg N per
flash (Holler and Schumann, 2000).

Mean Total (CG+IC) Flash Density 200801

&0 NLDri:bosed: 0.62 F s—1 0 0. NLON/OTE{LIS—bcsed: 0.74 F s—1 o,
2 -

50 50 S0

4 40

3 30

2 20 2

-130 =120 =110 =100 -0 =80 =70 =60 -130 =120 -110 =100 -90 =-80 =70 =60
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50

-~

30

2

=130 =120 =110 =100 -80 =80 =70 =60

0.00 0.03 0.06 0.09 0.12 0.5 0.20 0.25 030 0.35 0.40 0.50 0.60 0.80 2.00

Flashes km-2 day-1

Figure 4a. Comparisons of January 2008 NLDN lightning strikes (top) with climatological
average (bottom).
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Figure 4b. Comparisons of July 2008 NLDN lightning strikes (top) with climatological average
(bottom).

For each hour of each month of the 2008 WestJumpAQMS modeling period, the Koo
parameterization will be used with the WRF 36 and 12 km modeling outputs to derive column-
integrated LNOy emissions for each grid cell using the hourly convective rainfall as activity data.
The LNOy emissions will then be distributed throughout each vertical model column using the
vertical profiles of Ott et al. (2010). The WRF 4 km modeling did not use a convective
parameterization as the 4 km grid resolution is fine enough to explicitly resolve cumulus clouds.
So the WRF 12 km convective precipitation will be used to construct the lightning emissions in
the 4 km domains. In CAMXx, the lightning emissions will be modeled as point sources with
stack heights equal to the mid-point of each layer that has positive lightning emissions so the
emissions are injected into each model grid cell with zero plume rise.

773 San Marin Drive, Suite 2115, Novato, CA 94998 P: 415-899-0700 F: 415-899-0707
WWWw.environcorp.com




ENVIRON Page 12

QUALITY ASSURANCE

Quality assurance (QA) will be performed following the emissions quality assurance protocol
developed during WRAP (Adelman, 2004%). These procedures include systematic procedures
for:

e Modeling QA — accuracy assurance and problem identification.
e System QA - software and data tracking.
e Documentation —tracking QA issues, recording the QA process and report writing.

An emissions QA checklist is developed that delineates each step of the QA process and allows
a systematic approach to the QA process to assure critical steps are not overlooked. The
completed QA checklists and templates include:

e Model configuration settings.
e Inventory file log.

e Ancillary input file log.

e Model execution log.

A series of QA products are produced that are compared to other studies and the expected
outcomes:

e Spatial plots of emissions by source category.
e Annual time series plots of emissions for subregions.
e Diurnal time series plots.

The emissions QA officer is required to generate, review and distribute the QA products to the
modeling team and buy off on the results prior to execution of the air quality model.

2 http://www.epa.gov/ttnchiel/conference/eil3/qaqc/adelman pres.pdf
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