Horizontal and temporal evolution of tropospheric NO, In Vienna as inferred from car DOAS measurements
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Instrument and car journeys DOAS analysis and temporal resolution
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= For the mobile observations of tropospheric NO, vertical column = The spectral measurements obtained ~ ,x10 3112015 * In some cases, there is = Measurements of NO, DSCDs & - 6.10.2015 (Friday) = The magnitude of absolute
densities (VCDs), a simple zenith-sky DOAS (Differential Optical during the individual car journeys are ¢ ' ' ‘ 0:5 seconds more information given (0.5 sec) are averaged over é aal differences depends on the overall
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Absorption Spectroscopy) system was implemented analyzed using the DOAS technique g 2| in the data with higher spatial distance bins of 100 m o 34} NO, level of the respective days
= A cardboard box was built to house an Avantes miniature = Settings used for the analysis of £ temporal resolution (0.5 = Absolute NO, differences are g 22 = In general, the shape of the curves
spectrometer (1) and a notebook (2) spectra to produce differential slant § L seconds) computed to all other points o 2-2' between the individual car journeys
= An optical fibre (3) was connected to the spectrometer and threaded column densities (DSCDs) of NO, are 2 ) = However, 5 seconds within 5 km s ol Round 2 (06:57-08:23 UT) | Is quite similar
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through an aluminium bracket to the outside of the car shown in the table below S , , ; appears to be a good E R | | Round 3 (08:24-09:57 UT)
: . . . . : : . . - _ 2 0 1 2 3 4 5 _
= The telescope (4) was directed to the zenith R [U(}?-“ 0957 ' compromise € 27.9.2015 (Sunday) < Absolute distance [km] € 3.11.2015 (Friday)
= The geographical position of the car was recorded by a GPS-mouse  ¢,... Fit parameter Selection/Source g 12 - - - . . g 5 - | |
5 , - _ RRE » There is no clear picture B a4l
(5) Spectral range 425-490 nm = The temporal r lution = =
Polynomial degree 3 € temporal resoliutio - o found for the spatial scale of <2 3s;
= A total of twenty identical car rides were performed on nine days in Wavelength calibration Solar atlas of the measurements 5§ 2 > NO, distribution 9 32[
. . . . = 48.15 - I i1 Q Q L
spring/fall 2015 within the metropolitan area of Vienna L EGRYE o N Reference Noontime spectrum was initially set to 0.5 s o = However, a sharp increase in ¢ 22_ |
= Each drive spanned about 110 km, lasted about 1.5 hours (figure at o ML S LT S e Cross section Temperature seconds = 5 %) wonazorzun|  the NO, difference is evident 5 | Round 2 (06:44-08:15 UT)
lower right), and included known emission sources as well as a - g% zggi " SpectSra are aélverag?](?dh 3 2 04 - - Pondses2-10:7un | ywjithin the first kilometer for 2 og | Found 3 (08:15-09:43 UT)
PR - f 55 6 . 65 ; 2 over 5 seconds, whic L 2 1 2 3 4 5 2 0 1 2 3 4 5
background region ~15 km northeast of Vienna (Start/Finish) Time (UT) o, 206 K correspond to a traveled g 05 _ | < Absolute distance [k most cases < Absolute distance [km]
H,0 213K distance of about 100 m 09:55:12 09:55:48 09:56:24 09:57:00
Ring - Time [UT]

Tem p O ral evo I U tl on Of trO p 0S p h er I C N 02 = The spatiotemporal evolution of NO, on 10 April 2015 = During the time period of about 3 hours, NO, from

N'l_' 16 3.11.2015 o X 1015
E 4 x 10 . . _ . _ . £ 8 — T T T T In Vienna based on car DOAS (dots) and in situ rush hour traffic is transported over a distance
8 DSCD (total)  VGD (iroposphere) VCD (stratosphere) g | T et T SR SR » The small-scale transport of NO, is evaluated » The NO, variation along the A22 motorway is measurements (squares) is shown below | bgtween 10 an(_:l 15 km, which is in good agreement
g 3N = o~ along the Donauufer motorway (A22) in more shown for 10 April 2015 (left) and 2 October 2015 " Alarge proportion of observed NO, amounts might be  with average wind speed on that day (~5 km h)
z ol 5 — detail. The A22 motorway is one of the busiest (right) as a function of cumulative distance produced from traffic emissions of NO, during the " The correlation coefficient of 0.85 suggests a close
< - o roads in Vienna, in particular in the south-eastern = A clear shift of NO, pollution from South-East to morning rush hour (in particular along the A23) linear relationship of VCD vs. in-situ NO, on that day
o Ap %N ; o area, where many commuters take the North-West is observed on 10 April 54 )5 164 25
% 34 | S 0T s 9 12 15 18 21 o4 Sluidosttangente motorway (A23) at the motorway = Highest NO, amounts during the first, second, 2y
S 0 f : : : ; ; Time [UT] junction Kaisermuhlen and third drive of that day are located around 19, ] 485 e
Q 07:00 07:30 \ 08:00 08:30 09:00 09:30 = The A23 is in fact the busiest road in Austria 14, and 7 km away from the starting point in the [ T
. . . . . 48.3 o 48.3 o
Time [UT] having about 180,000 cars driving every day on North-West, respectively E 3
average 3 k: s -
DSCD,,ons + SC Dref —VCDgtrato * AMF ¢410t0 14 J 10.4.2015 (average wind speed ~ 5 km h1) 2.10.2015 (average wind speed ~ 11 km h?) e "% 5% °
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= Tropospheric NO, VCDs (also referred to as VCD;;o,,) i ----- —_— A E - T e 16.6.-16'7 N e o 16'6.—16'7 N
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NO, fields as simulated by the Bremen 3d CTM e Distance [km] Distance [km] il 3
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(B3dCTM) and scaled to satellite observ.atlo_ns from the = sl e o] o & ¥ 2.5 Round 2 (07:06-08:35 uT) .
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= Stratospheric and tropospheric airmass factors (AMFs) B 4.2t S jozs . o
are calculated by using the SCIATRAN radiative B R R R R | | S | | o - r g s = Z. 15¢
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48.15 e Fra b ol : 'E, o
: . : Visit our website at: : & Q 05 *% y = 0.0206x + 0.326
AcC k N OWI ed g ements The investigation of nitrogen The overall goal of the proposed o IR o, e o i Round 3 (08:40-10:04 UT) .- - 0.85
dioxide (NO,) and aerosol www.DOAS-VINDOBONA .at project is to improve our current e P 3 o
: : L B0 0 10 20 30 40 50 60 70 80 90 100
» Financial support was provided by the University of Bremen and the Austrian Science Fund (FWF): | 2296-N29 amounts will be based on spe_ctral ) o knowledge of air .pollutlon " 40 50 60 70 80 90 100 in situ NO_ [ug m™]
| _ o _ | | measurements from two Multi ) large agglomerations caused by in ity NO, g ] 0 2
= We like to thank “Amt der Nieder0Osterreichischen Landesregierung” and “Amt der Wiener Landesregierung” for making AXis Differential Optical mankind
the air quality data freely available

Absorption Spectroscopy (MAX-
» We also wish to acknowledge the provision of wind data from the Austrian official weather service (ZAMG) DOAS) instruments located at two

different sites with ideal
Selected References measurement conditions in

Vienna, Austria

| As the measurements from the Su mm ary aln d Oou tl 9]0 k

two instruments will cover
several azimuthal directions with
partially overlapping fields of
view, these data together with in-
The MAX-DOAS instrument situ and car DOAS observations
allows for measurements at sy b Ul R provide a multitude of information
= Wagner, T., Ibrahim, O., Shaiganfar, R., and Platt, U.: Mobile MAX-DOAS observations of tropospheric trace gases, different viewing directions and Ly e, - on the spatial NO,, distribution,
- Atmos. Meas. Tech., 3, 129-140, doi:10.5194/amt-3-129-2010, 2010 thus, it can be used for obtaining LIS enabling an attempt to develop a
both the horizontal and vertical spatially resolved image of air
variations of trace gases and
aerosols in the troposphere

= Atotal of twenty identical car rides were performed in April, September, October, and November 2015 in
order to collect high resolved spectral measurements for the retrieval of tropospheric NO, columns

= Although the information content is better for the high-resolved measurements in some cases, 5 seconds
averages appear to be a good compromise

» The evaluation of NO, DSCDs shows that the absolute NO,, difference increases with increasing distance (in
particular for the first kilometer)

= Under low wind speed conditions, a small-scale transport event of NO,, could be observed along the A22
motorway, which is in good agreement with surface concentrations from in-situ instruments

= Within the VINDOBONA project, measurements from two MAX-DOAS instruments will be collected and thus,

a multitude of information will enable further research on the spatial NO, distribution in Vienna

» Johansson, M., Galle, B., Yu, T., Tang, L., Chen, D., Li, H., Li, J. X., and Zhang, Y.: Quantification of total emission of air
pollutants from Beijing using mobile mini-DOAS, Atmos. Environ. 42, 6926-6933, 2008
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