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Recent AQ Modeling

August 2007: OMI observations (Goddard v1) of tropospheric column NO,
disagree with CMAQ model (v4.7.1)

CMAQ COLUMN NO, (10*®> cm?)

Model — lower than satellite in rural areas
higher than satellite in urban regions
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DISCOVER-AQ: Aircraft/OMI comparison
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Integrated aircraft profiles paired with nearest OMI grid



DISCOVER-AQ: Aircraft/OMI comparison
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Average aircraft based column NO, agrees with average OMI tropospheric column NO,

Aircraft observations primarily urban region — model higher than satellite



DISCOVER-AQ: Aircraft/OMI comparison
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Re-visit 2007 model study with some confidence satellite is correct in urban region ,
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Summary:

o 2 years of analysis (2007, 2011)
e 2 configurations of CMAQ (v4.6,v4.7.1, etc...)
« 2 satellite retrievals (KNMI, Goddard; 2 versions/retrieval)

1. CMAQ consistently over-predicts urban tropospheric NO,

2. Under-prediction of rural NO, less noticeable with more
recent satellite retrievals.

3. Addition of lightning NO, may further decrease rural
discrepancy

Plan on looking at CMAQ handling of nitrogen reservoir
species and boundary layer scheme
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How far away from the retrieved site can this layer
average be used?
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How far away from the retrieved site can this layer average
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Hourly Time Series Analysis of
Column NO2 from Multiple
Perspectives



NO2 Column Amount (10" molecule/cm?)

Column Abundances CMAQ vs.

P3B
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NO2 Column Amount (10" molecule/cm?)

Column Abundances CMAQ vs.
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NO2 Column Amount (10" molecule/cm?)

Column Abundances CMAQ vs.

P3B

Padonia 20110722
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CMAQ/Observations Column NO2 Ratios Averaged over July 2011

Aldino

Beltsville

Edgewood

Essex

Fair Hill

Padonia

CMAQ/Column_

alr
1.474 (+ 1.131)

1.069 (& 0.745)

0.806 (& 0.437)

0.592 (+ 0.984)

2.334 (+ 4.519)

1.353 (+ 1.011)

CMAQ/Column_

ground
0.809 (£ 0.362)

0.748 (£ 0.500)

0.710 (& 0.330)

0.386 (% 0.286)

1.035 (£ 0.501)

0.891 (£ 0.480)

CMAQ/Pandora

1.598 (+ 1.278)

0.999 (+ 0.808)

1.076 (£ 0.627)

1.167 (% 1.251)

3.149 (+ 3.779)

2.922 (+3.151)

CMAQ/OMI

1.362 (&
0.747)

1.067 (£
0.238)

0.871 (£
0.329)

0.631 (£
0.389)

0.667 (&
0.361)

1.457 (+
0.719)



Surface vs. Column Correlation
Analysis



NO2 P3B—Surface Site Correlation
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NO2 P3B-Surface Site Correlation
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P-3B Correlation Summary: Hourly Surface NO2 Data

Correlation Correlation
Coeff. R Coeff. R
(Col_ground) (Col_air)
Edgewood 0.886 0.163
Essex 0.752 -0.189
Padonia 0.811 0.085

Coeff. R
(after Col_air
outlier rejected)

0.307

0.473

0.295



P-3B Correlations: 1-min Resolution Surface NO2 Data

Correlation Correlation Coeff. R
Coeff. R Coeff. R (after Col_air
(Col_ground) (Col_air) outlier rejected)

Aldino 0.855 0.381

Beltsville 0.639 0.303 0.425
Edgewood 0.899 0.162 0.332
Essex 0.801 -0.163 0.399
Fair Hill 0.965 0.644

Padonia 0.856 - 0.046 0.042



03 P3B-Surface Site Correlation
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03 P3B-Surface Site Correlation
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P-3B Correlations: 1-min Resolution Surface O3 Data

Correlation Correlation
Coeff. R Coeff. R
(Col_ground) (Col_air)
Aldino 0.889 0.870
Beltsville 0.936 0.912
Edgewood 0.808 0.778
Essex 0.795 0.762
Fair Hill 0.836 0.799

Padonia 0.849 0.803



03 CMAQ-—Surface Site Correlation
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connected to the overlying column
for O3 than in the P-3B
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NO2 Column Amount (10" molecule/cm?)
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CMAQ Correlation Summary

Correlation Correlation
Coeff. R Coeff. R
(03) (NO2)
Aldino 0.929 0.632
Beltsville 0.917 0.509
Edgewood 0.903 0.585
Essex 0.779 0.609
Fair Hill 0.913 0.930

Padonia 0.912 0.748
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Experimental
NOAA CMAQ
forecast

CMAQ V. 4.6

Driven by WRF-NMM
meteorology

48 hour forecasts issued
each day at 12Z during the
campaign

Therefore, for each
flight there are two
relevant forecasts

‘O hr’ — the forecast
that was issued the
day of the flight

‘24 hr’ — the forecast
that was issued the
day before the flight

Chemical mechanism
Aerosol module
Emissions

Domain

Vertical coordinate
Radiation / Photolysis
PBL

Clouds

Convective cloud mixing

Land surface

CB05
Aero4
NEI-05

Rotated Lat-Lon E grid
12 km horizontal resolution

NMM Hybrid (60L)
Lacis-Hansen Bulk

Mellor-Yamada-Janjic
(MY)J) local TKE

Ferrier cloud water,
graupel/ice

Betts-Miller-Janjic Mass
Adjustment

NOAH LSM




Forecast evaluation:
O hr vs. 24 hr

O

o *** All DISCOVER-AQ results are preliminary field data ***

e The flight data analyzed are 60 sec averages (rather than the
native 1 sec resolution) for a more appropriate comparison to the
12 km CMAQ output

e The observations have been collocated in space and time with the
CMAQ output

e Percent error =
(model — observation )/ observation * 100

e For all flight days during the campaign it was noted which
forecast had lower absolute values of percent error

e These results are summarized in the following histogram plots
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Flight #9 Thursday 7-21-2011

()

CMAQ NO, Curtain with
NCAR NO,
R=0.85

Altitude (km)
N o

CMAQ NO, Curtain with
Berkeley NO,
R=0.83

CMAQ reproduces

variability seen in the
observations in both the PBL

Altitude (km)
~» (7]

1.0 1.5 2.0
NO, (ppbv)

- * Berkeley NO2 has less coverage than NCAR NO2 due to cycling through N species



CMAQ NO, vs. NCAR NO,

CMAQ NO_ (ppbv)
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CMAQ O, Curtain with NCAR O,
Flight #5 Monday 7-11-2011

. CMAQ underestimates ozone above the boundary layer
CMAQ overestimates ozone in the boundary layer

’ (3 Pata min ¥%49.54
Sc *Doto mox = 102.34
‘Model miry =*55.21

. Model méx = 119.08
- @ ®




<25km

>25km

1201 rl 110
100¢ -
.e
100 iy
90F coee
—~ — L [
2 2 . e
g & 80f B
a S . e
o 80r 5 = o’ ’A‘
. 3 ge
g - g 70
L]
5] o
-e
60F
60
L)
= S0
(]
R = 0.54 o
40 j ! | J 40 L i i | . . §
40 100 120 ° 40 50 60 70 80 90 100 110°
Weinheimer O, (ppbv) Weinheimer O, (ppbv)
120 Thu 7/14
e ® L ] °
L 1 - 80
@sn
» .o & %% o
100 v, ey 4n
Py % A3 sare
P~ LY ~ 60
3 88 8 - %
a ‘ . . o
& 2 - &
o 80F “Soo o o’ . --
0 o 40
g g .
o o
L]
! o 20f
R = 0.39 R = 0.78
40 1 Il 1 ] o] Il 1 I 1
40 60 80 100 120 o] 20 40 60 80
Weinheimer O, (ppbv) Weinheimer O, (ppbv)
90f 6
140 .
80 .o
. L)
e soh ¢
- 12 ~fob o S0 o
i i1 oz
- — o m @ >
o 100 o' Or o
g o
§ -
2 © s50F .
80
40F
60 R = 0.71 R = 0.53
1 1 L 1 1 30 1 1 1 1 1 ]
60 80 100 120 140 30 40 50 60 70 80 90

Weinheimer O, {ppbv)

Sat 7/2

Weinheimer O, (ppbv)

Tue 7/5

o=, ‘:'.f_.; .

o
o
T

~
o

CMAQ O, (ppbv)
o
5]

CMAQ O, (ppbv)

w
(=]

40

50 60 70 80 90

Weinheimer O, (ppbv)

90

80
~ 7 —~
F 3
[+% a
= -
o6 o’
g
g g
(&) 5 (5]

40
30 I 1 1 1 I J
30 40 50 60 70 80 90
Weinheimer O, (ppbv)
*\Wed 7/27
90
ete @
L
80F
—~ - —~
2 . . 2
Enf o e %
.
o’ ot 4 o’
g o o e = g
] e ® ]
% ¢ o=
50F
C %
40f
R = 0.48
30 L ) " L L L '
30 40 50 60 70 80 90 100

Weinheimer O, (ppbv)

110
L)
- L_J L
100 Q:“
.-y- "
90F o‘ﬁ
‘
*e
. o** 0 3%
o o
- L ]
70F ® 9 1]
(1] [
s0F ° =
Ao
50 F g
R=
40 1 1 1 1 1 L
40 50 60 70 80 90 100

Weinheimer O, (ppbv)

Weg

110

140 120
12 100+
-~
A L
10 2 Bl 3
o
60
80
3
401
60
20r
40 R = 0.53 R = 0.70
1 1 1 1 I 0 1 | | 1 1 1
40 60 80 100 120 140 0 20 40 60 80 100 120
Weinheimer O, (ppbv) Weinheimer O, (ppbv)
120 I 8 i 9
- 120, v\
4 .
&
100} fe%3 & -h"v!'.’: e
e et S
. o Pa -c.. 3: o '.c'
e e . a
e o - - -
I\ il - '{*
. * A
. g 8 o" .
e g o
& .
60 2 0
S .
- .
60" .
R = 0.67 R = 0.78
40 1 1 1 ] 1 1 I I
40 60 80 100 120 60 80 100 120

Weinheimer O, (ppbv)

Weinheimer O, (ppbv)



CMAQ HCHO Curtain with HCHO measurements
Flight #9 Wednesday 7-21-2011

O

CMAQ underestimates HCHO in the boundary layer

— Model mox = 13.59

Data max = 13.10
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CMAQ Isoprene Curtain with isoprene measurements
Flight #9 Wednesday 7-21-2011

O

CMAQ underestimates

Isoprene

INn the boundary layer
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CMAQ PNs Curtain with PNs measurements
Flight #9 Wednesday 7-21-2011
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CMAQ overestimates peroxynitrates at all levels
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CMAQ CO Curtain with CO measurements
Flight #5 Monday 7-11-2011
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Summary

O

e Observations taken during DISCOVER-AQ were averaged to a temporal
resolution of 60 sec to compare with two CMAQ forecasts

e \When compared with HCHO and the NCAR NO, observations, the 0 hr
forecast displayed lower absolute values of percent error

e The 0 hr and 24 hr forecasts performed equally with respect to the O,
observations

e CMAQ reproduced the variability seen in the NO, observations, and no bias
was observed

e CMAQ underestimated O, above 2.5 km on six out of the 14 flight days, and
overestimated O, below 2.5 km on nine out of 14 flight days

e CMAQ underestimated HCHO below 2.5 km on ten out of 13 flight days

e CMAQ underestimated isoprene below 2.5 km and peroxynitrates at all levels
on all flight days

e No clear bias was observed between the CO measurements and CMAQ




AQ Model Performance

Gregory Garner
Pennsylvania State University

Poster Figures (Beltsville and Edgewood Focus):
— Diurnal variability in O; and PM, . residuals
— Exp-CMAQ profile residuals

— NAQFC-MOS evaluation
— Value of Information (all locations)

Extra Figures:
— Diurnal variability in O residuals at remaining sites
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Ozone Residual (Modal - Observed) [pphv]
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Altitude (AGL) [km]

Residual Ozone Profiles: Edgewood

-100 -30 0 20

Residua! (Mode! - Sonde) [ppby]

14

20 —

15 -

10 —

DE —

00 —

-130 —-10Q -50 0 20

d[C;) Resldual (Mode! — Sonde) [ppbv]



Altitude (AGL) [km]

Residual Ozone Profiles: Beltsville
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Maximum 8<hr Ozone [ppbv)

NAQFC~-MOS (ppbv)
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Extra Figures



Ozone Residual (Model - Observed) [ppbv]
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Horizontal and vertical distribution
of air pollution over Maryland and
the Chesapeake Bay
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July 11 Chesapeake Bay surface concentrations
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CMAQ has high O;, NO, and NOy biases compared with observations.



July 20 Chesapeake Bay surface concentrations
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Better agreement between observed and simulated O; and NO than on
July 11. However, CMAQ’s high NOy bias persists throughout the field
campaign.



July 11 boundary layer heights:
WRF-NMM minus HSRL observed
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Model boundary layer heights have a large low bias (500-1,300m)
over the Chesapeake Bay, which contributes to CMAQ’s high
surface O5;, NO, and NOy biases.



July 20 boundary layer heights:
WRF-NMM minus HSRL observed
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Model boundary layer heights have a smaller low bias (100-500m)
than on July 11 over the Chesapeake Bay, which coincides with
better agreement between observed and simulated surface O,
and NO concentrations.



Pressure (hPa)

O;, NO, and NOy observed (P3B profiles and NOAA ship surface
concentrations; black) and CMAQ simulated (red) profiles over the
Chesapeake Bay at 2047 UTC (4:47 PM EDT) 20 July 2011
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O;, NO, and NOy observed (P3B profiles and NOAA ship surface
concentrations; black) and CMAQ simulated (red) profiles over the
Chesapeake Bay at 2047 UTC (4:47 PM EDT) 20 July 2011
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O;, NO, and NOy observed (P3B profiles and NOAA ship surface
concentrations; black) and CMAQ simulated (red) profiles over the
Chesapeake Bay at 2047 UTC (4:47 PM EDT) 20 July 2011
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O;, NO, and NOy observed (P3B profiles and NOAA ship surface
concentrations; black) and CMAQ simulated (red) profiles over the
Chesapeake Bay at 2047 UTC (4:47 PM EDT) 20 July 2011
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aloft suggests a
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pollution aloft -
possibly due to a
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Summary

CMAQ-simulated surface O;, NO, and NOy have high
biases when model boundary layer heights have large
low biases.

When model boundary layer heights improve,
simulated surface O; and NO come into agreement
with observations.

Profiles over the Chesapeake Bay show that the model
does not capture the shape of observed profiles of O,,
NO, and NOy.

— The profiles show elevated O, aloft, which may be due to a
weak bay breeze transporting pollution aloft.

— The observed profiles also show a larger vertical gradient
near the surface than CMAQ, which suggests there is too
much vertical mixing in the stable marine boundary layer.

CMAQ-simulated NOy has a large high bias compared
with observations throughout the observed profile.



Comparison of Satellite and Ground-
based Measurements of Total Column
Ozone and Nitrogen Dioxide
from Edgewood, MD in July 2011
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Diurnal Patterns of Pandora total column NO, and Pandora total column Ozone measured at
Edgewood, MD during July 2011. As expected due to rush-hour traffic patterns, we see a
bimodal pattern in NO, levels, with peaks in the morning and afternoon. Also, we see the
expected increase of Ozone levels throughout the afternoon as photochemistry becomes
more effective.



NO, Column from Pandora (Red) and OMI (Blue):
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Plots of Pandora and OMI total column NO, from 27 July 2011, and
Pandora and OMI total column ozone from 5 July 2011. These two
days show the best agreement between Pandora and OMI total

column amounts.

The percent difference between Pandora and

OMI total column NO, on 27 July was 0.8939%; the percent
difference between Pandora and OMI total column ozone on 5 July

was 1.6424%



NO, Column from Pandora (Red) and OMI (Blue):
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Plots of Pandora and OMI total column NO, from 11 July 2011,
and Pandora and OMI total column ozone from 31 July 2011.
These two days show the worst agreement between Pandora and
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The percent difference between

Pandora and OMI total column NO, on 11 July was 61.2345%; the
percent difference between Pandora and OMI total column ozone

on 31 July was 16.2804%
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Future Work

Further analysis of data collected at Edgewood, MD
during July 2011 is required to determine why some
days during this time period show poor agreement
between Pandora and OMI total column NO, and
ozone amounts. This work will include a study of
differences in time and space as comparisons are
made, as well as an in-depth analysis of variables
such as relative humidity and aerosol amounts that
may impact the amount of light received by the
Pandora spectrometer.



Wildfire Events ldentified by the
P-3B Measurements and Models
During Discover-AQ period

At least 4:

07/01, 07/11, 07/14 and 07/27



NAM (WRF-NMM)
Meteorology

|

|

NAMB (NMM-B)
Meteorology

|

|

CMAQ CB0O4 CMAQ CBO0O5 CMAQ CB0O4 CMAQ CBO5
without wildfire emission
A 4
CMAQ/SMOKE for |
processing plume rise and CMAQ CBOS
. . —]

ggneratmg gr'fjded with wildfire emission
wildfire emissions

NOAA Hazard BlueSky

Mapping System > emission
(HMS) fire data inventory




—+—— Observed

NMMB/CB05
NMMEB/Fire1
0.22 280 #* Acetonitrile — 6000
. y Flight Altitude
7/11 0.2 4 240
r~ i ]
e
o 018 200 — ~ 4000
Q_ _—
— [l
o 1= il
T 016 4 2 160 -
= N 4
0 ]
T 014 - 120 - 2000
T}
<I B -
0.12 - 80 —
0.1 - 40 T T T T T T T T T T T U
17 18 19 20 21 22 23
Time (UTC)
——+— Observed
NMMB/CBO05
NMMB /Fire1
100 — Flight Altitude I — 6000
90 1__ I‘ F
J |
30 | i ” - 4000
é 1 e |E--
E 70 — 1 1 :;'I| | l’ :lI ! -
= 1 ' i
C | \
60 — i — 2000
50 — fég ' -
m J
T T T T T T
0 1000 2000 3000 4000 5000 40 T T T T T T T T T T T 0
Alt 17 18 19 20 21 22 23

Time (UTC)



NMMB/CB05 Predicted CO (gpbv) Compared to the fli?ht measurements
for the Altitudes 3-5 km at 20 UTC, 07/11/2011
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WRF-NMM and NMM-B yield very
different background CO
concentrations over the east coast,
though their local PBL heights are
similar (black-and-white lines show the
PBL heights). The wildfire run yields
remarkable fire-emitted CO, but tends
to be too diffusive.

NMMB/Fire CO Concentration (ppbv) compared to
P—3B observation in Flight on 07/11/2011
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Observation versus Models for Flights Below 2km

Simulated CO (ppbv)
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Meteorology change has significant
impact on transported species.
NMM-B/CMAQ yield lower
concentrations than the WRF-
NMM/CMAQ for almost all species
for both CB4 and CBO5 mechanism.
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Model predicted wildfire CO compared
to HMS plumes

Predicted CO Difference (prbvz sNMMB/Fire - NMMB/CB05)
in the 2.8km level, at 18UTC, 07/01/2011
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The models have relatively poor performance during wildfire events,

especially for fire-emitted species, like CO.
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Summary

e Meteorology has a large impact on CMAQ predictions.

— NMM-B/CMAQ vyields lower concentrations than the WRF-
NMM/CMAQ for almost all species,

— Most pronounced for long-lived and long-range transported
species, like CO and NO,.

e |nJuly 2011, there were many wildfire events that
through long-range transport affected forecasts along P3-
B flight tracks:

— Underprediction (07/01 and 07/14)
— Good prediction (07/11),
— Overpredicted for a nearby fire event (07/27).

— In general, poorer predictions for wildfire events than for no-
fire events.



Observed Correlations for flights above 1km
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DiscoverAQ P-3B Flight #3 O3 on 7/1/2011
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The models generally

undepredicted biogenic
emitted species, especially for
terpenes. The bias is related to

certain areas.
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