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Outline
o Air Quality
 Chemical Transport Models & Emissions
Inventories

— Community Multiscale Ar Quality Model (CMAQ)
— CO Model Performance
— Effects of Slower Vertical Mixing

 Ambient Observations

— Measurement of NQwith Cavity Ring-Down
Spectroscopy (CRDS)
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Air Quality: Past & Present

 The Industrial revolution brought factories
that burned coal and heavy olls inefficiently

— Smog = Smoke + Fog
- SO, H,SO, Donora, PA 1948

bike-pgh.org
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Los Angeles Smog

e Smoke control measures did not work

 Crop damage, severe eye irritation, bleach
odor

Haagen-Smit

— Smog chamber experiments

— Exposing plants to ozone
reproduced damage

— Hydrocarbons + NO+ h = O,
+ other pollutants



Ozone Chemistry

e Crutzen (1973), Chameides and Walker (1973)

photochemical process involvin
VOCs and NQ

Ozone production Is a nonlinedr

O

- Steady state between,@nd NQ

RH +40, + 2hn 3%.9:9%® RCHO+20,+H.0O



Clean Air Act 1990

EPA sets NAAQS to protect sensitive groIJps




National Ambient Air Quality Standards

0.075 ppmv (2008) 8 hours
Ozone 0.08 ppmv (1997) 8 hours
0.12 ppmv 1 hour




Clean Air Act 1990

e EPA can set national emissions controls

— NQ, SIP Call: Regional control of NO
emissions

. State Implementation Plan (SIP)

—Qutline of how each state will control air polti

—Demonstrate compliance with NAAQS
Air Quality Modeling
—Emissions Inventories, Chemical Transport Models

Ambient Observations
—Trends, Composition
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Air Quality Modeling Framework

Meieorology Model:

Temperature, Pressure,
\Wind Fields, etc.

Chemical
Transport Model

Chemistry and
— > Mass Transport of
Pollutants

<

Emissions Model:

Hourly Fluxes of
Pollutants




Chemical Transport Modeling
Framework

MM5 —  SMOKE

CMAQ

—
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Change in Qfrom 2002 to 2004
Observed CMAQ CBIV CMAQ SAPRCC

« CMAQ weakness at long range transport is well kmow
 Gilliland et al. (2008), Kim et al. (2006)



13

Questions

e How accurate are estimates of CO and NOx emis®ions

 How well represented is mixing (turbulent and cectwe) in the
planetary boundary layer (PBL) and out of the Pio ithe lower
free troposphere?

 Are the deposition velocity for CO and lifetimeOXx right?

How can we better represent long range transpoyt in
the model
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Relatively Inert CO Is a Good Tracer for Transport.

e CO lifetime iIs on the order or weeks and CO
chemistry is well understood.

e CO underestimateloy ~30% in CMAQ.
—Yu et al. (2007 & 2009), Marmur et al. (2009)

e CO emissions overestimatbyg 40-60%; mostly

from motor vehicles.

— Hudman et al. (2008), Warneke et al. (2006), Bistnmgh Stedman
(2008), Kuhns et al. (2004), Parrish (2006)

« A systematic model performance analysis of CO is
needed.
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Relatively Inert CO is a Good Tracer for Transport

e Comparison with some surface monitors is now [asi
because measurement precision has improved.

CO MRIBIMEDE RAMMP

ANgi@idal profiles for th |
Obsergasaninore AreaObservations

REY a large d

C
kast and especi

g %

0 urfacs
i

rvations

— Can be used for a systematic analysis of CO in CMAQ
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Modeling Scenarios

« CMAQ 4.5, MM5v3.6, May-August, 2002
« MCIP3.4.1: CO \{j~ 0.1 cm/s Lifetime ~10 days

Site Vegetation V, (cm sV Reference
Darmstadt, deciduous forest 0.027 — 0.038 Sanhueza et al8 199
Germany
Guri, grassland, savannah 0.02 - 0.03 Scharffe et &Q 19
Venezuela
Transvaal, - - Conrad and Seiler, 1985
South Africa Llfetlme —~ 8 Week$
Andalusia, Ompranteq mem UUI—-0.0F Conrad and Seiler, 1985
Spain
. . - . ——er 1980
ZI Compare MCIP3.4.1 to a case where~\0
: - . , 1998
Scotland deciduous forest
St. Anicet, grass/mixed woods 0.00-0.40 Constant, et al., 2008
Canada
Tsukuba, unplanted field/ arable  0.00 — 0.07 Yonemura et al., 1999,

Japan field/ deciduous forest 2000



CO Concentration [ppbv]
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Model Performance of CO in CMAQ

800

o

o

o
|

400 A

200

AQS Observations
N CMAQ

CMAQ Zero CO Deposition
—/— Median AQS
—O— Median CMAQ
—{+— Median CMAQ Zero CO Deposition

underestimates surface
observations by ~40%

Generally, model

Obs.

Hour (Local Time)



Model Performance of CO in CMAQ:
Total Column

e CO emissions inventory Is no
grossly over/under estimated

18



Model Performance of CO in CMAQ

Turbulent transport is modeled with an
eddy diffusion coefficient (K nm¥/s)

ol _1,. T

It VDIFF ﬂZ ﬂZ

Analogous to molecular diffusivity
TN

___| K,may be L

overestimate
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Model Performance of CO in CMAQ

«—— Convective Transport

Afterndoh Well Mix~ !

Asymmetric
Selected Convective
well-mixed Model

profiles




Boundary Layer Venting

g | i

PBL venting preferentially through subgrid scale feeather
cumulus



Model Performance of CO in CMAQ

— Convective Transpoft

Underestimated

Afternoon Poorly Mixed

™~

—

Fast turbulen
mixing near
the surface

| guun ol

22
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Effects of Slower Vertical Mixing Near
the Surface

e Some model tuning:

— A K,min is imposed below 500 m and is scaled
according to fractional urban land use

K,min=05*(10- F,._)+(20*F,, )

—Urban areas more mixing
—K,min varies from 0.5-2.0 #/s

» Evaluate a sensitivity scenario withriin
0.1 nt/s



Surface Observations

Ozone Monitoring Sites

NO, Monitoring Sites

24



25

Effects of Slower Vertical Mixing Near the Surface

90

AQS + CASTNET
80 | s 0.5 szin

| v 0.1 K min

—O— Median AQS + CASTNET
4 —o— Median 0.5 K,min

RS % ﬁ%ﬁﬂﬁﬁﬁé

I I I I I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20 22 24
Hour (Local Time)
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CMAQ vs. Observations at Urb&htes
NOXx oveestimated

Obs.
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NQ, Concentration

CMAQ vs. Observations at Rur&ltes:

NOx undeestimated.

30 A

25 A

20 A

AQS
mmm 0.5 K,min Rural
mm 0.1 Kmin
—{1+— Median AQS
—O— Median 0.5 K,min

--s7-- Median 0.1 K,min

Hour (Local Time)

27

Obs.
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CMAQ vs. Observations at Rurdltes:
Accounting for interferences: NOXx still un@stimated.

Conversion of NQ, to HNO,; may be too fast|

Obs.
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Effects of Slower Vertical Mixing Near the Surface

> AM

Trapped nighttim
surface emission

/
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Effects of Slower Vertical Mixing Near the Surface

> AM

Increased ozone
concentration In thé~
residual layer
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Effects of Slower Vertical Mixing Near the Surface

7-10 AM
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Effects of Slower Vertical Mixing Near the Surface

7-10 AM



Air Quality Monitoring of NQ

* In the first ~2000 m turbulent mixing is too fésit convective
mixing Is too slow. May need cloud resolving WRF.

* Reducing the minimum eddy diffusion coefficient K (0.5 to
0.1 nts?l) and eliminating dry deposition of CO improveg O
NOx, and CO, and better represents the morninglinpiiof Q..

* Emissions inventories (MOBILEG) are ok for CO. issmons
(MOBILESG) too high for NOx, but the conversion oOMto
HNO; is too fast.
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Air Quality Monitoring of NQ

» Vertical profiles of NQ are needed for
satellite and model validation, especia

A specific, reliable, fast, economical method for

monitoring NG in rural and urban environments i
needed

e Current monitoring method for NO
substantially overestimates

34

ly to
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Measurement of NOwith CRDS

 Modified and characterized a commercial Cavity

Ring-Down Spectroscopy NAnalyzer
— Los Gatos Research (Mountain View, CA)

e Conducted an ambient intercomparison with a

chemiluminescence instrumenbvided by NOAA
— Photolysis converted N@o NO

* Results appeared in Castellanos et al. (2009,
Review of Scientific Instrumets



CRDS Method

11
t ot
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GPT Calibration

GPT:Mixed a small flow
of NO-in-Nitrogen
with excess ozone

Calculated [NQ] from:

 Monitored change in
ozone (equal to
[NO,])

e From standard
dilution flow rates

37
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Summary of Performance Statistics

Detection Response Power Internal Dimensions Weight NO, to
Limit Time Draw Pressure J NO
WxHxD
[pptv] [s] W] [torr] [cm] [ka]
CRDS Analyzer 60 (60s) 18 (95%) 90 170 42'55’6(5 22X 93
NOAA 42 x 33 X :
chemiluminescence 100 (60's) 3 (95%) 1000 30 58 4 30 Photolysis
Thermo
Electron Corp. 75 (120s) 60 300 200-45042)'(55);3 21.9 25 Hot Mo
Model 42i TL '

The fixed internal pressure, low power draw, anehjgact size
of the CRDS instrument makes it ideal for airctede at
altitudes up to ~10 km.
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NO

NO, by Chemi.

NO, by CRDS
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Can our modifications account for the rapidly
changing background in an airplane?

y = 0.96x + 0.28 y =0.93x - 0.61
R =0.995 R =0.982
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CRDS can measure N@ith rapid

response, specificity, and sensitivity
adequate for urban and rural contine:ttal

environments

-
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Extra Slides
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CRDS Method

 Empty Cavity:
« R = mirror reflectivity ¢ K = coefficient of miscellaneous

+ | = length of the cavity Scattering or absorption

dl _  Cp _ U
=171 Ry +K] () =1, exp( l‘o)
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o Cavity with Analyte:

31 |—[(1 R+sNI+K] [ =1 11
cl [

| (t) = Io eXp(- 7)



Planetary Boundary Layer

Top of the
Boundary Layer

N

)

1-2 km Subsidence Inversion
Residual Residual
Layer Layer
Mixed
100 Nocturnal Layer Nocturnal
300 m Inversion Irversion

Surface Layer

1 1

Sunrise Sunset

a7
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Absorptior?
NO2 Molecule Cross Section
[cm? molecule!!
Kirsme et al.,
JGR (1997) SGO, 3x1024
PAN 5x1021
O, 2x10723
H,O 1x1027

e Single wavelength diode 405 nm laser
— Technique is insensitive to lamp fluctuations

« Highly reflective, low curvature mirrors result+nl km

path-lengths
— Highly sensitive
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Effects of Slower Vertical Mixing Near
the Surface

Nighttime NO Dry Deposition Nighttime NQ Dry Deposition

-20. 0. 20. 40, 60. 80. 100. 150. —20. 0. 20. 40. 60. 80. 100. 150.

7% Change % Change
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Change in Qfrom 2002 to 2004
Observed CMAQ CBIV CMAQ SAPRCC

« CMAQ weakness at long range transport is well kmow
 Gilliland et al. (2008), Kim et al. (2006)

- Hypothesis:
* Vertical mixing in the boundary layer Is off



Conclusions about CMAQ 4.51 with CBIV

Column content of CO in agreement with obs.
Shape of modeled CO too uniform in vertical — miximithin PBL too fast.

Surface monitors indicate same result, CMAQ unstaretes surface CO by > 100 ppb,

except during rush hour.

Aircraft profiles show a secondary max at 1500 6@ altitude. Model does not
depict this.

Eddy (Kz) mixing too fast but convective mixingptelow.
Modeled CO improves when dry deposition eliminated

Ozone shows a high bias in early morning hoursduRing Kzmin greatly improves this
bias.

NOXx overestimated in urban sites, underestimatedral sites.
Mobile6 Emissions too high, but conversion to HNGDp fast.

Improved vertical mixing, such as thru fair weatbemulus, could improve model
performance.

More sequestration of NOx organo-nitrates withtirfee of ~1 d , could improve model
performance.

Both of these measures will allow CMAQ to betteow the regional nature of smog
events.
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