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Motivations 2009 AQS PM2.5

® Recurrent cold weather PM2.5
episodes greatly influence
regional air quality.

Similarities to California’s Central
Valley (Pun and Seigneur 1999;
McMurry, Shepherd et al. 2004),
Northwestern Europe and the Po
Valley of Italy (Schaap, van Loon
et al. 2004; Putaud, Van
Dingenen et al. 2010).

® Limited process studies to date
- Basic conceptual model from LADCO (2009):
Episodes tightly coupled with meteorological conditions

Ammonium nitrate comprises a large fraction of the PM2.5 during episodes (Chu 2004;
McMurry et al. 2004; Blanchard & Tanenbaum 2008; Klatzman et al. 2009; LADCO 2009;
Pitchford et al. 2009)
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Averaging Averaging time

Species time (hr) Species {hr)
1hr P = 24hr 1 in 3days
1hr MH, 24hr 1 in 3days
L 1hr NO, 24hr 1 in 3days
S NH, 1hr 50, 24hr 1 in 3days
HNO, 1hr oo 24hr 1 in 3days
~ NH, 1hr EC 24hr 1 in days
= NO, 1hr 0, 1hr
NOx (note 6) 1hr Relatve 1hr
Hurnidity
502 (nota 7) 1hr Surface 1hr

pressure
Temperature 1hr Wisibility 1hr
Precipilation
HNO,

_H;S0, H;S0,



Science Questions for the Study

Composition: Typical chemical composition during episodes and non-
episodes?

Urban-rural contrast: Differences in PM, s concentrations (frequency and
severity), chemical composition, and source regions?

Meteorology: What meteorological conditions favor winter-time episodes?
How can we best use this information to improve wintertime episode
forecasting?

Nitrate formation chemistry: What do the data tell us the nitrate formation

chemistry leading to events?

Sensitivity of episodes:
* How sensitive are concentrations to hypothetical changes in total nitrate,

total ammonia, and total sulfate?
* What sources categories have leverage on episodes? Do local sources

have influence?

3D Model skill: Can photochemical modeling accurately predict PM, s
concentrations during the observed winter-time episodes?
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Parameter Milwaukee
{Urban]

PM; 5 (g m) 17.1
Total nitrate (ug m-3) 5.6
Total ammonia (ug m™) 3.3
Gas ammonia (ppb) 2.3
Nitrate aerosol / total nitrate 78%
NO, (ppb) 27
Temperature (*C) -3
Ozone (ppb) 22
OC (ug m?) 3.6
EC (ug m-3) 0.5
Gas Ratio (d'less) 1.5




Snow water equivalent {mm) and snow sublimation

Meteorology
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Episodes began under similar synoptic conditions — arrival of a surface low
pressure system.

Episodes were marked by inversions with warm, moist air and low wind speeds.
Snow cover and fog were both correlated with episode occurrence.

Regional snow cover was present over southeastern Wisconsin and northern
lllinocis at the onset of late winter episodes and usually melted by episode end.
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1 km SNODAS snow melt strongly
correlated with PM2.5 episode intensity

Ratlo of Average Snow Depth (m) at onset of
February and March Eplsodes to Monthly Averages




Model Configuration

Community Multiscale Air Quality
Model (CMAQ) v4.7.1

CBOS gas phase [ AEROS aerosol module
ACM2 PBL closure

Mass-conserving advection

14 vertical layers

LADCO's 12 km regional modeling grid

Hourly boundary conditions from a 36 km simulation
{with the same configuration) covering the continantal
Uniled States.

Meteorology

WHRF 3.1.1 with the RPO configuration selected by lowa
DNR, SESARM, and LADCO

ACKM2 PBL closure

Plaim=Xu land suface module

RETM radialion

Mosrison microphysics

Kain-Frilsch cumulus

Boundary meleorology from the Norlh American
Regional Reanalysis 3-hourly

Analysis nudging on NARR abeve the PBEL (ne direct
observational nudging)

Emissions

LADCO's 2008 emissions invenlory used for 12km
domain.

Day-specific biomass burning emissions from MODIS
fire detection products.

MEI wilh day- specific biomass burning will be used for
36 krn continental simulations.

Latitude

-100 -95 -90 -85 -80 -75

Longitude

Process Analysis

-  Chemical and process rates stored for all layers up to
850 m, with focus on NOy processing and N205
heterogeneous chemistry
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Performance statistics by episode

Milwaukee

Temperature

Wind Direction

Wind Speed

Nitrate

Ammonium

Sulfate

Suggests a correlation matrix...




Focus on fog & snow cover
RH the strongest predictor of episode intensity &model skill

Highest R? | Explained by
Observed 23% RH Obs
CMAQ 29% RH WRF
Bias 53% RH WRF
RMSE 43% WS Bias
Nitrate Observed 40% RH Obs
CMAQ 36% WD WRF
Bias 40% TWRF
RMSE 35% T WRF
Ammonium Observed 23% WD RMSE
CMAQ 19% WD RMSE
Bias 25% RH Obs
RMSE 27% WS Bias, RH Obs
Sulfate Observed 25% RH obs
CMAQ 18% WD RMSE
Bias 45% RH Obs
RMSE 45% RH Obs
Observed 9% WS Bias
CMAQ 44% RH WRF
Bias 13% WS Bias
RMSE 18% RH Obs
Observed 28% WD WRF
CMAQ 46% RH WRF
Bias 25% - 31% 5 variables
RMSE 40% - 45% 3 variables

S < <X KX K\«




Multiple WRF settings
to identify the role of snow

RPO 2007/2008 SIP configuration with NARR
analysis nudging

Snow cover included as base case — too persistent

Test without snow cover

WI DNR WRF —identical physics & dynamics, but
5-day restarts from NCAR FNL analysis. Snow still

too persistent.




Meteorology evaluation:
Milwaukee

No Episcde Local Episods
Basa ko Snow Bass | ke Snow
Temparatura ("C) Obsanad -3.E 1.4
WRF -1.8 -5.0 0.0 -2.4
Bias 1.9 -1.4 -1.4 -3.8
RMSE kB 3.9 5.3 5.5
Obsened 62.6

SDC
LA

=
rir. o =R

Bias 1.0 12.6 6.6 12.4
RMSE 16.3 20.3 16.8
P (hPa) Obsaned B2 6
WRF THE5 ] 9961 §E36
Bias 248 ; 44 4.6
RMSE 15 : AT 4.8
Wind spead [mis) Obsaned : .
WRF i 33 3.3
Bias 1.0 . 1.0 1.0
RMSE . 1B 14

Wind drection (%) Obsaned
WHF

Bias - 9.2 &1
RMSE . 58.5

IE O o A BB
d D = g

Snow cover effectively reduces bias during pollution
events, but only slightly improves RMSE or R?




Meteorology evaluation:
Mayville

No Episcde Local Episods
o Enow Bass | ke Enow
Tempemlurs ["C) Dbsarsad s -G.4

WRF T E 55 -B.4
Bias 11 0.9 08 -2.0

RMSE 4.3 4.7 4.1

hsanad :
WRF g1.a 521 g0.2
Bias . 8.0 B3 7.0
RMSE 3 4.3 4.1
Obsamnad QE3T

WRF 982 .9 L a7a.7
Bias -5.0 - 3 -4.0
RMSE 5.3 4.5 4.3
Wind spead [mis) Obsaned ! X
WHF 4.8 i 14
Bias -0.1 0.1 -0.4
RMSE 156 12 12
Wind drection (%) Obsaned a5 .
WA . 221 2172
Bias i 66 174
RMSE T1.1 2.9

Snow cover improves performance over Mayville during
episodes more than under normal conditions




Comparison at WNS Sites

Milwaukee Mayville
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Snow more important for simulating concentrations
during Mayville episodes, Milwaukee during non-episodes
Neither WRF simulation definitively better
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Aerosol mass & composition

Other (obs)
NH, (obs)

NO; (obs)

SO, (obs)

NH3(g) as NH, (obs)
HNO3(g) NO; (obs)
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Mayville Hourly PM,

PM, ¢ (ug/m?)
¥ "
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Nearly all episodes
simulated, with few
false alarms

PM, ¢ (ug/m’)
B g

Observations often
fall between the two
simulations




PBL dynamics are crucial to model skill
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Shallow model mixed layer and
low bias in wind speed drive
overprediction in primary &
secondary PM2.5 concentrations
during wintertime fine particle
events. RH bias also a factor.




Regional Average Concentrations

12.13 15.34 15.643
=00 =02 =70
1.66 1.56 1.74
.35 1.58 .14

WRF + CMAQ + LADCO inventory + 36 km BCs perform as
expected for secondary inorganics and total PM,

Regional daily R for No Snow >2x Base
No obvious winner at individual sites




| —#PBacp

[ ==L = P e

~*No Snow

"

45

40 —

30 T

25

A0y
FAN




Conclusions

1.

Results suggest meteorology (PBL height & RH) the
limiting factor for model skill in episode intensity, followed
by emissions, with few indications of missing or erroneous
processes of importance

From observations, snow melt & sublimation critical to
improving RH & PBL height during episodes—but
interactive snow effects not currently in common use for air
quality modeling

Frequent snow cover updates at high resolution necessary
as modeling moves toward finer and finer scales: SNODAS
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Ongoing efforts

Additional refinement for
RH: interactive snow effects in WRF
daily SNODAS fields: snow cover, snow depth
observational nudging at surface sites & tall towers

higher resolution: vertical (75 layers) & horizontal (4 km, 1.33 km)

2009 WNS period as primary test case for Uiowa’s Midwest
forecasting and model evaluation

- Emissions, especially NH4
- Chemical transport: CMAQ 5.0 & WRF-Chem

online photolysis, sectional aerosols, aerosol-cloud interactions
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