Potential Impacts of aircraft emissions on the air quality near the ground
(Importance of heterogeneous chemistry and nitrate radicals)
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Q. Why does the surface NO, decrease due to aviation emissions from the upper troposphere in the winter?

Figure 1. A vertical profile of the total annual o + + + - P P NO3 NO3 O 0O e Imbortant nighttime chemistr
emissions of NO, (red), CO (orange), SO, NO, + OH + M — 2 HNO; + M, OH is not largely affected by aviation emissions. 2t 2} K 3 K 3 P g y
(purple) anpl bllack carbon (brown) frqm (a) January (b) July (@) January (b) July % 4 % 9, % 9| % 4 (titration of 03 & NOX to NOy
aircraft emission database representing 1999. 12 - 12 - 12| 2 £ 6/ o £ 6 £ 6 ’ £ 6 Conversion)
= I = I = — . = — j , _ , _ j , _ , _ 0 : : . . 0 . _ : _
£ 6 £ 6 5 o / ~ 5 o go 20N 40N 60N 80N (I;Q 20N 40N 60N 80N EQ 20N 40N 60N  8ON EQ 20N 40N 60N 80N N02 + 03 —> NO3
g 3 _ A ~ g 3 _ T 3 i / <<‘ T 3 i Latitude Latitude Latitude Latitude
gQ 20N 40N {’_6?;:;" 80N gQ 50N 40N 60N  8ON gQ 20N 40N 60N 80 (éQ 20N 40N 60N 8ON 12 HNO3 . HNO3 -4 -2 ative O3 d_ﬁo %] 3 > NOS L NOZ — NZOS
o - . e Latitude Latitude Latitude Latitude B " a ‘ _ rela |\_1e ifference [%
. . tit tit _ 5 0 . . E o £ 9| g Figure 8. Same as Figure 7 but for O,. N205 + HZO 592 HNO3 — wet
. - - - - -50 -25 0 25 50 - - £ 6k £ 6- .. i i ) ..
Factors determlnlng Impacts of non-LTO emissions In the relative OH difference (%] relative NOx difference [%] g 2 g 2 « Low actinic flux at high latitudes In deposition
Figure 5. Latitude-altitude distribution of percentage _ . . T [ (J [ : : f At
bOundary Iayer difference to the background NOx concentration, Figure 6. Latitude-altitude distribution of 20 20N 4N 6N 8O t0 20N 4N 6N 8ON the_wmter. longer lifetime of NO;  Net reaction
_ (aircraft_non_LTO — control)/(aircraft_non_LTO) x percentage differences in NO, between the Latitude Latitude radicals
o Background concentration of aerosols 100 %, in OH between the control and the simulation ~ S0n'r91 and the simulation with non-LTO arerat - - - o o 2NO, + O, + H,0 (s) — 2 HNO,
_ _ _ _ _ with non-LTO aircraft emissions averaged over imISSIonls ?Verag?] love'_’ ﬁng”u €Uk an n relative difference [%] o 03 perturbatlon IS positive In the
o Key chemical reactions during wintertime longitude OE and 90E in January (left) and July anuary (left) and July (right). Figure 7. Same as Figure 6 but for NO, (top) and boundary layer (a more efficient sink for NO, than O,)
C . (right). HNO, (bottom).
Sensitivity of aerosol formation to background NH,
concentrations . . . L .
Summary of mechanisms reducing NO,, Changes In aerosols Sensitivity of aerosol formation
. to the ground NH3 flux
Model and Data R PN G A
OH regime . g ML A e G
i i i NO, + OH + M — 2 HNO, + M - 7 3
CAM (Community Atmosphere Model)-chem in offline mode = i e
= L e ~ 30N
26 vertical levels covering up to 3.5 hPa, with the horizontal = more”?::i'rfx: ggﬁéhoﬁe;..--* A P G 4 TV I G VS B 6\
i i ° i ° el NO, regime S S
resolution of approximately a 2.5 (longitude) X 2.0 g 3 eg
. pp y ( g ) P NOZ + 03 — NOS 0 60E 12|?§ngi‘ltﬁgi [Jezgo]w eow 0 0 60E ul?(fnggtﬁ(c}ii [Jezgo]w eow 0 - 0 6(;E 12|0E '|8|0E 12(IJW 6(.‘:W 0 0 6(|)E 126E '|8|0E 126W GOIW 0
(Iatltude) ’I, i _N% + ioz  — N,LO. Longitude [deg] Longitude [deg]
- - - - - h aer;éSOI 20 Ae-r1c;{s)o| Mass Mixing F?a.?io Difference [%]1.O 20 2‘Fc"f{\)/|E2_.151MassMix%golf«;gi;diﬁerengéOOE-m 0 relativediﬁeargnce [%)] 120
Meteor0|0glcal fleldS frOm On“ne CAM_Chem run representlng EQ 35N L atitude North Pole Figure 11. Percentage differences in the boundary layer PM 2.5 between the control
2002 ' and the simulations with aircraft emissions in January. [Top] (aircraft — control) Figure 13. (a) Differences in the boundary layer PM
Figure 9. A diagram describing the boundary between OH regime and NO, regime and [bottom left] (aircraft_non_LTO — control) and [bottom right] (aircraft —non_LTO). 2.5 due to the doubled NH; flux (air_2X_ NH; -
1afl 1SS ' the intersection of the NO3 regime and the high aerosol concentration near the no_air_2x_NH; — aircraft + control) in January. (b)
Aviation emission data from the Boeing Company for year of the inter g g The relative DM 2.5 perturbation (it 2X . NH, -
1999 ,, ammonium nitrate no_air_2x_NH,)/(aircraft - control) * 100 [%].
NO, and O, increase by non-LTO emissions E oo . - -
Case LTO emissions Climb/descent Cruise altitude o PM 2.5 in Midwest and East
o o @ g 5 Coast of the US, Europe and — o
(0-1 km) emissions €emissions O, 5 O NG 2N 40N GON  oN East Asia show statistically « With higher NH,, the sensitivity of non-LTO
(1-8 km) (above 8 km) NO, regime NO32+ N032 - N255 S|g_n|f|cant |r-]f|u-ence of emissions effects on PM 2.5 is strongest in the
NLO, + H,O — HNO, - sulfate aviation emissions. (about East Coast of the US and Europe.
= - 3 . : : :
B £ o 0.1 ppb ~ 0.1 ug/m?). « In these regions with heavy air traffic, doubled
£ 6 . .
control No No No ot O, et g « Even the relatively large PM ground NHj fluxes increase more than 100%
— v v v ubuinn ngzeﬂtgrf,;ﬁ’;n N 4N N son 2.5 perturbation in January PM 2.5.
alrcrart es es es . 0 .. —
NO . -5.0E-12 -2.5E-12 0.0E+00 2.5E-12 5.0E-12 Changes at mOSt 1 /0 Of the ° Remalnlng uncertalntles Of NH3 and
aircraft non LTO No Yes Yes 3 Fegime ﬂ mess mbing ato difference background PM 2.5 background aerosols could amplify or diminish
— — NO + O — NO . . . _ . . . .
) N N v High aerosol NO32+ NC?Q N N28)5 Figure 12. Latitude-altitude distribution of * The increase of PM 2.5 in the Impacts of non-LTO emissions on air quality.
cruise O O €5 N,LO, + H,0O — HNO, differences in [top] ammonium nitrate lower troposphere in January « However, even the doubled PM 2.5 increase
N,O. — 2 HNO, and [bottom] sulfate between the control is mostlv due to NH.NO.. due _ _
air_2x_NH, Yes Yes Yes NO, — HNO, and non_LTO simulation. The differences _ y 4INV3 with doubled NH, fluxes on PM 2.5 is not
- = NO, — 0.5*(OH + NO + HNO,) were averaged over longitude OE and 90E to increased HNO,. critical.
(double NH, flux) ﬂ In January.
ir 7% NH N N N O, perturbation is limited
NO_allr _ZX_ 0) O O pre-existing NO, is decreased
3 Acknowled gem €N1TS The authors would like to thank the Federal Aviation Administration, Aviation Climate Change Research Initiative
(double NH, flux) Figure 10. A schematic diagram explaining the changes in perturbation made by non- (ACCRI) for support under Contract #: 10-C-NE-Ul amendment 001 and The Partnership for AiR Transportation Noise and Emissions Reduction
LTO emissions while propagating and why the perturbations decrease the NOx in the (PARTNER). We also acknowledge the Boeing Company for support of this project, and a special thank you to Dr. Steven Baughcum for his valuable

boundary layer during the wintertime. comments.




	Slide Number 1

