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Models Under-predict NOx above 8km

in plumes influenced by anthropogenic and BB pollution
(Figure 10d).
4.2.4. Nitrogen Tracers of Biomass Combustion
[21] HCN and CH3CN are both excellent tracers of

biomass combustion and were linearly correlated (R2 =
0.76) in this data set. Figure 11 shows the vertical structure
of HCN and CH3CN over the Atlantic and continental
North America. There is an indication of both an oceanic
and soil sink for these species. Although an oceanic sink has
been recognized, a soil sink is not known and has not been
studied [Singh et al., 2003b]. Figure 11 also shows similar
profiles for CHBr3 and CH3I, which are both known to have
dominant oceanic sources. It is clear from Figure 11 that
oceanic influences were widespread in the continental
boundary layer. To further explore the potential of soils to
act as a sink for nitriles, we used trajectory analysis to
compare abundances in air masses that had remained in the
boundary layer over land or water for at least 5 days.
Overland air masses had mixing ratios of 260 (±20) ppt
and 135 (±14) ppt for HCN and CH3CN while overwater air
masses had corresponding mixing ratios of 149 (±33) ppt
and 109 (±18) ppt. In short, air masses in long contact with
surface water were far more depleted than those in contact
with land surfaces. Despite the appearance of a sink, we
conclude that HCN and CH3CN soil sinks were negligible

or extremely small. This could be due to low contact time
between these molecules and soil bacteria allowing rapid
rerelease of deposited nitriles. The column of HCN deduced
from these measurements is in good agreement with that
reported by Zhao et al. [2002] from ground-based spectro-
scopic measurements over Japan.

4.3. Model Simulations

[22] Four models (GEOS-CHEM, RAQMS, MOZART
and STEM) reported trace gas concentrations along the
DC-8 flight tracks. Figures 12–14 provide a comparison of
observations and model simulations over eastern North
America (30–50!N; 260–320!E) where most intense aircraft
sampling was performed. Figure 12 shows observed and
modeled mean mixing ratios of O3 and NOy. The four models
under consideration deviate from each other and the obser-
vations at all altitudes. STEM substantially over estimated O3

in the UT and NOy in all of the troposphere. RAQMS
calculated extremely low NOy but overpredicted O3 possibly
because of an unusually large stratospheric input. Models in
general tended to predict lesser variability (Figures 12c
and 12d) than observations in large part because of the their
greater spatial averaging.
[23] Figure 13 shows model-data comparison for NOx,

HNO3, PAN and HO2NO2 profiles. Except in the case of

Figure 13. Observed and simulated mixing ratios of selected reactive nitrogen species over eastern
North America (30–50!N; 260–320!E).
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Figure 1: Simulated NOy compared to INTEX-NA observations (Singh 2007)
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Which model processes lead to under-prediction?

Potential sources of error:

chemistry, photolysis, aerosols, advection, convection, diffusion, wet
deposition, dry deposition, emissions, the stratosphere, the ocean, ...

Modeled chemistry has been questioned: Olson 2006, Bertram 2007,
Ren 2008

Evaluation of a chemical mechanism

typically: evaluate a model against a chamber study (i.e. a controlled
time series of measurements)
problem: does anyone have a chamber at 236 K and 0.298 atm?

This study statistically compares model predictions to observations
using a chemical indicator of age.
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Bertram results can derive air parcel ages

Deep convection sends a plug of surface air to upper troposphere

wet scavenging removes HNO3 and lightning adds NOx

Air parcels are mostly stable for up to 5 days

Freshly convected: NOx:HNO3 >> 1

Figure 2: Deep convection from Bertram et al. Science 2007
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Observation time series: classified by “derived age”
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Figure 3: INTEX-NA aircraft observations of NOx:HNO3. NOx:HNO3 can be used
to split the observations into four groups of decreasing (left to right) photochemical
age.
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Observations initialize our box model

Table 1: Median values from the 95 initial observations.

Altitude Pressure Temperature CO O3 H2O2

9 051m 28 739 Pa 236.6K 106.4ppb 67.6ppb 384.0ppt

CH2O CH3C(O)H CH3C(O)CH3 CH4 C2H6 C3H8

92.0ppt 64.0ppt 1 420.7ppt 1 794 ppb 639.0ppt 217.0ppt

C2H4 CH3C(O)OOH CH3C(O)C2H5 CH3ONO2
.OH HO·

2

99.0ppt 237.1 ppt 98.8 ppt 2.3 ppt 0.59 ppt 13.7 ppt

Univ. LEEDS DSMACC Box Model

95 initial parcels

chemistry only

120 hour integration time

TUV photolysis model

used process analysis to quantify

gross production by reaction
gross loss by reaction
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Testing a range of chemical mechanisms

Table 2: Overview of 7 chemical mechanisms in this study.

Model (abbreviation) ] Rxns ] Spcs
Carbon Bond ‘05 (CB05) 176 62

State Air Pollution Research Center ‘99
(SAPRC99)

222 77

SAPRC ‘07 (SAPRC07) 333 105

Model for OZone And Related chemical
Tracers “Standard” (MZ4)

200 90

GEOS-Chem “full” (GEOS) 290 88

Regional Atmospheric Chemistry Mech v.2
(RACM2)

349 117

Master Chemical Mechanism (MCM) >12600 >4500

Why so many mechanisms?
Only CB05: critics say condensation is too simplified

Only MCM: critics say semi-explicit assumes more knowledge than we
have
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Chemical Mechanism Evaluation: Results
Observations
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Figure 4: Model predictions compared to observations with the Mann-Whitney U
test. Model medians are displayed circles that are filled when consistent with
observations (p > 0.0001).
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Completing the nitrogen budget
Observations
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Figure 5: Model predictions compared to observations with the Mann-Whitney U
test. Model medians are displayed circles that are filled when consistent with
observations (p > 0.0001).
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CB05: Alkyl nitrate source uncertainty

Acetone yields of alkyl nitrate producing radicals
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Figure 6: Composition of CB05 PAR chemical mechanism species for fresh and old
air parcels.

Recommendation: Explicit acetone or dynamic XO2N yield
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HNO4 sources, sinks, and uncertainty

0

10

20

30

40

50

60

70

pp
t/h

1) HO2 + NO2 + M k−→ HO2NO2

0

5

10

15

20

25

30

pp
t/h

2) HO2NO2 + OH k−→ O2 + NO2 + H2O

13 15 17 19 21 23 01 03 05 07 09 11
Time (LST)

0

2

4

6

8

10

12

pp
t/h

3) HO2NO2
j−→ NO2 + HO2 + OH + NO3

13 15 17 19 21 23 01 03 05 07 09 11
Time (LST)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

pp
t/h

4) HO2NO2 + M k−→ NO2 + HO2

GEOS CB05 SAPRC07 RACM2 MZ4

Figure 7: HNO4 Reactions

Source Uncertainty

1 HO2 + NO2
k−→ HO2NO2: ≈ 10%
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Figure 8: Source reactions of CH3C(O)OO·
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Conclusions

Chemical Mechanism Performance
all mechanisms have similar errors*

under-predict NOx, HNO3, and O3

over-predict PAN and HNO4

*CB05 alkyl nitrate over-prediction due to acetone representation

Uncertainty Review
PAN source uncertainties are sufficient to correct over-prediction

HNO4 loss uncertainties sufficient to correct over-prediction
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GEOS-Chem Sensitivity Analysis Results
Observations
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Figure 9: Model predictions compared to observations with the Mann-Whitney U
test. Model medians are displayed circles that are filled when consistent with
observations (p > 0.0001).
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