WRAP Dust Em ssions Joi nt Forum Meeti ng
February 24-25, 2004
Desert Research Institute
Las Vegas, Nevada

Not es Courtesy of Lee Gibovicz with additions from Tom Moore’ s notes at the
end of the neeting.
Meeting Sunmmary

On February 24-25, 2004, | attended a neeting of the WRAP Dust Em ssions Joint
Forum (DEJF) held in Las Vegas, Nevada. The purpose of this neeting was to go
over the status of projects that the DEJF is undertaking in 2004:

v Establish a Common Definition of Dust & a Natural/Anthropogenic Split
Devel op a Handbook and Wbsite Resource for Conpiling Contenporary

Know edge of Fugitive Dust

I mprove Estimates of the Fine Fraction (PM. s) of Dust Em ssion Factors
Exam ne the 20% Wrst Visibility Days for Frequency and Magnitude of Dust

| mpacts and Their Probable Sources at WRAP Class | Areas

Refi ne the WRAP' s W ndbl own Dust Mdel & Produce a 2002 Enission Inventory

............ and to hear other issues of concerned stakehol ders:

v Methods for Estinmating Roadway Dust Eni ssions
v Transportation Confornmty PM Rel ated |ssues
v Satellite Imaging and G S Mapping for ldentifying Dust Sources

The Agenda for this nmeeting is attached under Appendix | of this nmenmp, while
Appendi x Il contains a copy of the sign-up sheet of attendees for this
February 24-25'" meeti ng.

Meeting Details

% Overview of Methods for Estinmating Roadway Dust Eni ssions %

Rodney Langston, a O ark County Road pl anner gave an Overview of the current
state of current AP-42 PM enissions cal cul ations from paved & unpaved roads,
and followed that with a di scussion of "active" nonitoring efforts which nore
clearly define the spatial and tenporal variations inherent in road dust

em ssion data (Appendix I11). The current EPA al gorithm assunes that every
car on paved roads generates the sane dust emi ssions. But there is a
variation of silt content over tine on roads, and a basic concern revolves
around reservoir depletion vs reservoir charging rates.

M. Langston presented the emi ssion formula for road dust from AP-42 which
varies primarily due to differences in silt content. He pointed out that Silt
Loadi ng Measurenents nmust be collected manual ly, a process which requires |ane
closures and is a very costly process, leading to a very linited anount of
sanmpling data. And the AP-42 algorithm assunes a stable level of silt |oading
for a given road type and activity level, which according to him is a

physi cal inpossibility.

And he pointed out that speed not accounted for at all in the current AP-42
algorithm He noted that although speed is a huge factor affecting the PM
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road dust emi ssion rate, the current algorithm assunes constant em ssions all
the way from10 to 55 nph.

He then described sone alternative Vehicle Munted Assessnent Systens that are
bei ng pursued by DRI, and at UC- R verside. The DRI system has sanplers
mounted directly on the vehicle, while the UCR system has sanpling equi prment
mounted on a trailer (see Appendix for detail). He noted that the UCR system
showed em ssions about a | ower than AP-42 predicted.

He felt that this type of sanpling was an effective tool for evaluating the
ef fecti veness of control neasure such as Street Sweeping, Track Qut Control
Road | nprovenents and etc.

Carrie McDougall indicated that dark County will stage a conpetitive "Drive
Of" of the available sanpling systens in the near future. The intent of the
effort is totie this type of active sanpling to events such as rain and
construction. They will seek EPA approval of selected systemas an
alternative nethod to AP-42 for determ ning road dust em ssions.

The i ssue was rai sed about whether this work is really nore focused on
nonattai nment, rather than focusing on the WRAP nmandate of Regi onal Haze
issues. | will seek TOC direction on this question and whether the Forum
shoul d be expending resources in this area of investigation.

% Transportation Conformty PM Rel ated |ssues %

Susan Hardy then gave a presentation on Transportation Conformty PMissues
(Appendi x 1V). She noted that she represents the Muntainland Associ ati on of
Governments as the Metropolitan Planning Organization (MPO for the U ah

Val l ey Metropolitan Area Boundary (Provo/Oren). She noted that the
Transportation Equity Act for the 21st Century (TEA-21) and the Clean Air Act
Amendnents of 1990 require the MPO s to devel op both a | ong-range regional
transportation plan (LRP) and a short-range transportation inprovenent program
(TIP) that conformwith the applicable SIP air quality plans. She expl ai ned
that projections for NQ from nobile vehicles are dropping, but the
projections for nobile road dust show an approxi mate doubling of PM em ssions
fromthat category between now and 2030.

She nmade the point that her MPO enission cal culations currently show a 49%
road dust, salt & sanding contribution to em ssions, but the nodeling of the
"design day" value of 254 :g/n$, showed that road dust, salt & sanding
contribution was only about 1.9%of the total to the anbient concentration, or
4.8 tg/n¥. Her basic position is that road dust em ssions aren’t as big a
portion of the process as the EPA nodels seemto indicate, and control
strategies for road dust may not result in as significant inprovenent to
actual anbi ent concentrations as envisioned.

The question was raised as to whether the DEJF wanted tackle the correction of
AP-42, and | suggested that it seened like a ot of the problemhad to do with
EPA nmobil e nodel s (MOBI LE & NONRQAD) and di spersion factors (divide by 4),

whi ch don’'t seemcentral to the WRAP's mi ssion of getting a quality 8308 dust

i nventory. Tom Moore pointed out that we already have road dust inventories,
and the question nmay be whether the DEJF is confortable with those specific

i nventories.
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% Definition of Anthropogenic vs. Natural PM Sources %

Rob Farber is leading this project, and he had prepared a DRAFT tenplate for
Forum comrent on the Definition of Dust and the Natural/Anthropogenic split.
The DRAFT definition for "fugitive dust” was di scussed, and finally anmended to
be, "dust that enters the atnosphere w thout first passing through a vent,
duct, stack or tail pipe".

Then there was a di scussion on the nore general definition of "dust". Mbile
tail pipe PMem ssions were initially included in this definition, but I and
ot her menbers of the Forum strongly objected to including tail pi pe em ssions
as dust. The conclusion was to drop tail pipe em ssions fromthe approach to
t he dust question. There was di scussion about whether certain other materials
were "dust", such as sea salt and skin flakes. The point was made that sone
suspended particul ate mght be "alive", such as nold or viruses. A nore
general concern was biologic material such as pollen. There was di scussion
about whether to include in the dust definition sone sort of size criteria,
like a PMy, and PM,s limt. There was discussion as to whether noisture was
part of dust.

The working definition adopted for dust is "Particulate matter that can be
suspended into the atnosphere as a result of nechanical, explosive, or w nd-
bl own suspensi on of organic, geologic or synthetic solids, excluding nold".

The next issue raised was the definition of Anthropogenic vs. Natural dust,
and the initial categorization schene is shown bel ow

Reasonabl y Largely
Control l abl e Uncontrol | abl e
Ant hr opogeni ¢ Type | Type |
Nat ur al Type |11 Type 1V

There were questions about whether certain sources of dust, such as a
"natural " volcanic eruption, but the ash is left on streets to be re-suspended
by human activity (ie/ driving). Another exanple was the case of an off-road
vehi cl e breaking the crust on desert soil, which subsequently allows
significant dust fromw nd erosion. O how would you classify a dry | ake bed
whi ch was drained by human water diversion? |If that |ake was dry due to
drought conditions, then it would clearly be natural, but with human

i ntercession, does that now nake it anthropogenic? Qher exanples of

per pl exi ng questions include: dust fromw nd erosion fromover-grazed | ands,
or international transport of China dust storns caused by poor farm ng and
soi | conservation techni ques.

Tom posited that we may be | ooking at what the origin of the em ssions are as
our starting point for defining anthropogenic, and not what these em ssion

| ater becone. | noted that there will be innunerable exanpl es of dust
situations, and unendi ng debate as to what the "causes" were. | suggested
that this Forumis only a mcrocosmof the WRAP st akehol ders, and we
eventually will have to bring in the |arger WRAP audi ence to get sone sort of
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consensus. And thus, the Forum should be working toward sone sort of
wor kshop, based on an initial premse.

The issue of "controllability" was raised, and | noted that you don’'t HAVE TO
control natural sources, but you have to define themto set the ultimate
baseline for the RH 2064 goal. But in devel oping strategies, you have

consi derabl e freedomto incorporate control measures for both anthropogenic
and natural sources of dust.

Regardi ng i nternational em ssions, it was generally concluded that even though
Anerica can’t "control" these sources, that fact al one doesn’t make them
natural. International doesn’'t necessarily equate to natural. But Dale
Gllette pointed out that Gobi and Saharan international dust probably is
nat ur al

The question of organics was raised, and it was noted that the | MPROVE

nmet hodol ogy only includes geol ogi c sources as "dust", while organics are

anal yzed as a separate constituent. But it was also pointed out that organic
materials in the soil can certainly be part of the dust.

A tabl e was begun with suggestions on classification:

ANTHROPOGENI C NATURAL

al |l nechani cal |y suspended dust vol canoes, sea salt, etc
- construction activities
- road dust

- etc.

wi ndbl own dust from areas di sturbed wi ndbl own dust from undi sturbed or
or altered by humans, beyond a natural ly di sturbed areas

natural range of conditions - G eat Sand Dunes NP

- Onens Lake

- sone rangel and
- etc.

natural sources nore than 12-24
months old, simlar to EPA natural
events policy

- re-suspended vol cani c ash

- re-suspended wi |l dfire ash

Next Steps - Refine this discussion into sonme type of "position paper”. Then
circulate it to the DEJF. When the forumreaches a consensus, then it will go
to the oversight conmttees. Then a decision needs to made about sonme sort of
WRAP wi de forum before finally being taken before the Board.

% Dust Handbook %

W& have 6 proposals (Mactec, Sonoma, Countess Environnmental & MR, Trinity,
Environ & ERG and Sierra Research), and the Bid Review Team (Wayne Lei pol d
Ed Berry, Lee Alter, Carrie MacDougall, Toni R chards & Duane Ono) will
interview these bidders, first by phone. They plan on conpleting the

sel ection and begi nning work on the product in the next nonth. The selection
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conmittee was given the endorsenment of their final decision, wthout bringing
the matter back for full Forum consideration.

There was di scussi on on what the handbook will contain, and generally the
Forum concl uded that the consultant will bring together a conpendi um of the
information that is available. 1t was concluded that it would be

i nappropriate for the Forumto "pass judgenment” on the efficacy of the
information that is included in the conpendi um

% Fine Fraction of Dust

Roger Isomis the lead on this project, but since he was unavail abl e, Duane
Ono di scussed this project (Appendix V contains a problem statenent and
project description). The problemis that initial PM s cascade inpactor
monitoring allowed |arger particles to "bounce"” down to the final 2.5:
filter, resulting in an inflated concentration attributed to PM 5. The EPA
eventual ly corrected the reference nethod (greased plates), but it is still
felt that the AP-42 factors for PM,s are problematic.

This DEJF project is intended to generate a known inlet concentration of
PM s/ PM, particul ate from vari ous geol ogi ¢ sources, nonitor this known
concentration with the cascade inpactor reference nmethod, and use the results
to refine the fine fraction nmeasurenents and PM, s/ PM, ratio (currently
estimated at 22% PM, ;). Duane is planning to have the WRAP issue a sol e-
source contract to Mdwest Research Institute (MR - Chat Cowherd), the
organi zation that originally conpleted the nonitoring test work.

The question was raised as to whether other entities mght not be contacted to
help fund this effort, considering the information will be useful to the
general air pollution community. Don Arkell also nmade the point that there
needs to be a very clear, concise explanation as to why the states/tribes
benefit fromthis project.

A wor kgroup was established for the project, consisting of Rob Farber, Barbara
Trost, Bruce Friedl, Gail Cooke, Duane Ono, Roger Isom Don Arkell, and Jean-
Paul Huys.

% Satellite Images and G S Mappi ng *

Rob Farber of Southern California Edison was a participant in a study to
devel op an automated systemto identify non-crusting "blow sands” that are
continuous enmitters. The attached report (Appendix VI) notes that it is
important to identify and control these "bl ow sands" as a significant

conmponent of an overall dust mtigation effort. It describes how they used an
"ER Mapper 6.3" software package that uses Landsat 5 TN nulti spectral
satellite inmages and A S mapping to identify these areas. It then describes

how enmi ssions are quantified fromthe bl ow sand areas by nonitoring the
saltation and erosion of these areas.

* 20% Worst Visibility Days for Dust |npacts %

Vic Etyem zian gave a presentation, beginning with a map of the 1997 and 2002
| MPROVE nonitoring network, which shows a great increase in sites in the
latter configuration. This was a result of the EPA's initiative to fund an
increase in nonitoring for RH and PM.s. He then showed the equation for $,.,
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conposed of sulfate (SQ), nitrate (NG) , Organic mass by Carbon (OMC), Light

Absor bi ng Carbon (LAC = el enental carbon), fine soil (FS £ 2.5 :) , and coarse
mass (CM = PM, - PM ). And he described the 20% Wrst Days as: "the days
with light extinction coefficients above the 80'" percentile value". Dust is

defined under the I MPROVE protocol as the sumof CM+ FS. He conpiled a |ist
of sources of dust which included:

- Regi onal W ndbl own - Asian Oigin

- Local W ndbl own - African Origin
- Road Dust - Organic debris
- Construction - Wldfires

- Mning - Vol canoes

- Agriculture - Sea spray

- Qher

He showed maps (Appendix VII1) of the fractional contribution of dust to
extinction on the 20% worst days (red > 50%, the fraction of 20% worst days
when dust contributed significantly (15%or nore) to extinction, and the
fraction of 20% worst days when dust contributed nore than any ot her conponent
(NG;, SO, OMC, LAC) to extinction (both red > 80%. They all show that dust
"probl ens” are centered around Arizona, with marginal areas extending into
sout hern Nevada, Utah, Colorado and western New Mexico

He showed several exanples of "haze-agon" analysis of several high dust
sanmpl i ng days (presence of a haze-agon indicates that day was one of the 20%
wor st days at that site, and the six sectors of the haze-agon indicate which
of the six visibility conmponents dom nated i nmpairmnment on that day).

On April 26, 2002, CMdominated in the Arizona region, while SO, dom nated in
the Pacific Northwest. An Asian dust stormoccurred on April 16, 2001, where
both CM and FS were "significant"” (10-40% throughout the west. On July 27,
2001, there was a "localized" dust stormin Mntana, where other regional

| MPROVE sites were unaffected. Then on August 17, 2001, the haze-agon plots
confirm problens with OMC t hroughout the Pacific Northwest due to wildfire
activity.

From t hese exanples, Dr. Etyem zian di scussed the types of anal yses that could
be done to evaluate dust contribution fromthe data sets. There are expensive
and resource intensive analyses that can be done for EACH sanple. But a nore
sem -systematic nethod would | ook closely at a subset of worst days with dust
as a dom nant source. Then we would find comonalities anong “like” events
and differences between “unlike” events. Using a set of criteria, we would
then place all remaining worst days into one of several categories according
to “nmost likely source type”

To do this for local and regi onal w ndbl own dust, we should first identify a
near by neteorol ogi cal station that can provide reasonably representative w nd
speed data. Then we should | ook at wi nd speed vs coarse nmass to estimate a

t hreshol d val ue for w ndbl own dust at that site. On worst days when dust is a
donm nant haze conponent, we then should see if the threshold value is exceeded
and if the CMFES ratio is above a predeternined value. |If so, then we would
categorize that incident as Wndbl own Dust.

For Asian Dust there is a tendency that this will have | arge regiona
i nfluence. Therefore we would conpare the CMFS ratio to a predeterm ned
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value (nomnally 1 or |less nmeans |ong-range transport), and inspect the
chemical signature (K/'Fe, Al/Si). W would identify a possible correspondi ng
Asi an Dust Event (using the NRL nodel) and inspect air nass trajectories.
Then it would be fairly conclusive whether the data all points to Asian
origin. Determning African Dust would follow the sane type of procedure.

For Construction, unless there is a project close to the nonitor this would be
an infrequent occurrence. It would be difficult to identify unless the
activity is well docunmented. The sanme applies to Road Dust. For Mnes, there
has to be a determ nation whether there is a facility within one day’s
transport, and the wind trajectories have to confirmthat the dust could have
come fromthat facility. For Agriculture, dust could be substanti al

dependi ng on season. It is relatively difficult to confirmindividual event
occurrences (ie/ Did Farm X harvest alnond on Date Y?). O.ganic debris can be
related to agriculture, is probably seasonal, and probably shows different
CMFS ratio than w ndbl owmn dust. For WIldfires and Vol canoes, it should be
fairly obvious whether there ere there any wildfires or volcano eruptions
nearby. Ratios of FS/OMC, K/FS and CM FS can hel p. Regarding Sea Salt, that
is probably limted to coastal sites. Na & C content, and CMFS ratio can
hel p identify this source.

Thi s met hod woul d consi der only 2001-2003 data on 20% wor st days at WRAP sites
where dust (CWFES) is the dom nant haze constituent. W would then categorize
the ~899 site-days, according to reasonable criteria, into:

- International (Asian, African, Mexican)

- Regional (multiple sites)

- Local (1-2 sites)

- Fire (smoke ms-classified as dust or entrained by turbul ence
- Unknown (sone conbi nation of above, or other source(s))

For each category we would | ook at trajectories, chenm cal conposition and
rel ated data sets. For sone days in each category, we would have to provide
nore in-depth descriptive information

There was di scussion as to whether the "Causes of Haze" budget allows this
type of analysis. Marc Pitchford thought that the DRI staff currently

dedi cated to the Causes of Haze effort wasn’t currently sufficient to do al
the work, but the DEJF has $50K to | ook at this question. It was decided that
DRI would wite a proposal to conduct the analysis, and a subcommittee of Marc
Pitchford, Rob Farber, John-Paul Huys & Bruce Friedl will reviewthis project.

* W ndbl own Dust |nventory

Tom Moore noted that Environ conducted a Phase | of the project to develop the
nodel and process it for a 1996 w ndbl own inventory. But there are sone
concerns over the adequacy of input data, and there needs to be refinenment of
the results. But the WRAP needs to "l ock down" 2002 inventories in about
August ‘04. Therefore the DEJF needs to look at the current results and

deci de exactly what needs to be done quickly. Phase Il of the project will be
carried out through the Regional Mdeling Center, with Environ as the
responsi bl e subcontractor.

Gerry Mansell then presented the history of the project and described the
i nformati on sources used to devel op the nodel. He noted that the methodol ogy
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was intended to utilize em ssion factors derived fromw nd tunnel studies for
specific land types, in coordination with detailed maps of |and use

categori zation and specific year neteorol ogy, to cal cul ate hour by hour
estimates of w ndbl own dust em ssions throughout the WRAP regi on

He then reviewed the data that was utilized in the Phase | project. This
i ncl udes:

Land Use/lLand Cover (LULQ)
- Bi ogeni ¢ Em ssi on Landcover Dat abase (BELD3)
- North American Land Cover Characteristics
- National Land Cover Database (NLCD)

Soi |l s Characteristics
- State Soil Geographic Database (STATSGO
- Soi |l Landscape of Canada (SLC V2)
- International Soil Reference and | nfornation Center

Met eor ol ogi cal Dat a
- 1996 MVb 36-km (Wnd Velocity, Precipitation, Snow |ce, Soil Tenperature)

For the project, the I and use and soil texture data was aggregated to a 12 KM
grid. Mjor |land use categories include: Urban, Agricultural, Forest, Shrub
& Grasslands, and Barren & Desert.

Assunptions that were used are contained in Environ's Cctober 22, 2003 neno.
These resulted in unusually high PMem ssions, so they nade sone "Sensitivity
Adj ustments". They reduced the threshold wind velocity to 15 nph (they never
conpleted the run using a 5 MPH threshol d because the extensive cal cul ati ons
sl owed the nodel processing to a glacial pace), and they rel axed reservoir
recharge assunptions (12 hours between wi nd events, 36 hours after rain
events, 36 hours after snowice neltdown & 6 hours after thaw). The changes
showed significantly greater PMy, fromthe Sensitivity Run than fromthe
results using the original assunptions. Appendix VIIl contains a graph of
PM, by nonth conpari son between the two nethods & a spatial map show ng the
differences the sensitivity assunpti ons make in annual em ssions.

They also did a conpleted application to the Inperial Valley of California.
They used a 2 KM grid nodeling domain, CALMET neteorol ogy (15 nph threshol d),
2 different sets of LULC data (BELD3 & Dept. WAter Resources-DWR), and the
same recharge assunptions descri bed above. The BELD data showed significantly
hi gher emi ssions.

Then the RMC ran the CMAQ nodel with dust em ssions fromthe origina
assunptions run and conpared the values with results froma run w o any

wi ndbl own dust (Basei run). The nodel showed higher CM & FS concentrati ons
with the fugitive dust included, but CMAQ tends to over-predict these
conponents even w thout the increased wi ndbl own dust added due to the
sensitivity assunptions.

Envi ron’ s reconmendati ons i ncl ude:

- Met hodol ogy review and refi nement

- Current, detailed data to characteri ze vacant | ands

- Methodol ogy validation with small-scale, high resolution domain
- ldentification and eval uation of additional wi nd tunnel studies
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- Application to other domains/years
* W ndbl own Dust |nventory Discussions %

M chael Unl led off this discussion with a presentation on ideas for Phase I
of the project (Appendix IX). He reiterated the details of Phase I, noting
that the goals were to: 1) devel op a general nethodol ogy ("MacDougall Method")
and program code for estimating fugitive dust em ssions fromw nd erosion; and
2) to develop 1996 PM, s and PM, enissions inventories for the WRAP region
nodel i ng domai n.

The Phase Il goal is sinply to "inprove" on the Phase | nodel, and to provide
updat ed 2002 annual PM, s and PMy El'’s. Additionally, to hel p determ ne what
and when control strategies should be applied, as well as to determ ne the
visibility inprovenent resulting fromthese control strategies, the nodel

woul d produce PM, s and PM, El's for the 20% WORST days. The refined

speci fications would include:

- Apply cal endar year 2002 neteorol ogi cal hour-by-hour data at 12km X 12km
resol uti on.

- Apply nore current |and-use data at 12km X 12km resol uti on, based on 1km X
1km resol uti on dat a.

- Run CMAQ with the chemistry turned off for dust sensitivity anal yses
- CMAQ w Il determ ne m xi ng hei ght based on MVb i nput.

- Emissions will be calculated in the first boundary | ayer.

- Inventories will be generated for the WRAP Mddel i ng Domai n

Tasks to be conpl eted incl ude:

- refine the em ssions algorithm

- re-grid the nodel to match the unified RPO national grid

- reviewthe PM s/ PM, 22% ratio and adjust if necessary

- obtain newinproved | and use data

- look at friction velocity, rather than threshold w nd speed

- look at differences in em ssions by vegetation type (data avail abl e?)
- look at surface roughness factors

% Future Calls & Meetings %

In the future the tinme set for the DEJF calls will be noved to the fourth
Tuesday of each nmonth @11 Muntain Tine.

For the next neeting, the DEJF will look to hold the neeting in Spokane,

Washi ngton, which will allow Candis O ai borne and the University of Washi ngton
to denonstrate wind tunnel studies. The tinme frane will be set sone tinme in

| ate June or July.

% The Remai ning Group Continued D scussions on the next steps for WB Dust %



WRAP DEJF Meeting February 27, 2004
Februarx 23-24, 2004 @ Las Vegas Page 10

There was di scussion by Dale Gllette on changes that should be made in the
nodel to account for differences in the threshold velocity caused by different
surface roughness (Z,) factors for bare and vegetated surfaces. O her changes
were al so discussed. Duane Ono gave a Powerpoi nt presentation which showed
significant differences between the fugitive dust nodel PM 10 em ssion
estimates and the em ssions that were neasured on a sand dune. W wll try to
i nprove the wind bl own dust em ssion algorithmin the next phase of the

proj ect .

Next Steps for WB Dust Project:

e Friction velocities (fromZ,) as determned fromsoil or vegetation

e For barren soils (< about 10% vegetation cover), threshold friction
vel ocities nmust be devel oped using soil considerations

e For vegetated soils (>10% cover), threshold friction velocities nmust be
devel oped using vegetation considerations (from Z)

e Level of disturbance = % of expected highly disturbed surfaces (unpaved
roads, agricultural fields per existing activity data, dry | akebeds,etc.)
of each grid cel

. New/ i nproved | and use data

. Re-grid to unified RPO nodeling grid, west of Mssissippi R ver, nost of
the region will be at 12km wusing 1km | and use data

. Look at 22% PM ; of PM, factor

. Sensitivity runs using Duane’s nethod, based on nodeling protocol
speci fyi ng performance eval uation netrics
e Smal | er scal e
e CALPUFF subcontract with MFG
e 3 to 5 areas throughout WRAP region (5 soil classifications in nodel,
climate, ecosystemas criteria)

. CMAQ i nputs - conputational limtations

. Task: Paraneterize/optim ze performance on 20% worst days for 3-5 test
cases



