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1. Introduction

3. Imaging quality and NO, retrieval quality

Objectives of aircraft imaging DOAS measurements: Demonstration of imaging quality . . . .
. . . o . . L . . . Retrieval Settings for NO, columns Fig. 6: Example retrieval result o5 | — o, serence
* Retrieval of tropospheric trace gases, here nitrogen dioxide NO, The imaging quality is investigated by the recorded intensity on the Fitting window: 425 — 450 nm from 04.06.11 at 10:11:47 UT for  oo0e |~ """ } l«
. - : - T : rometer Dim _Differentlv briaht aroun N re distinauished. ' - the central viewing direction from £ ooce [} || | i
Mapping of NO, pollution sources, identification of source regions and strengths spectrometer CCD image. Differently bright ground scenes are distinguished. gases: division into 9 LOS. The scaled 5 .mllmmnldlﬂlml un M,; \] r'm li‘ m M,
° Sate”":e data Va"dation’ investigatign Of Sub_pixel Var|ab|||ty Piturcamera Spectrometer CCD image Counts Re‘c-:orpdi‘ed‘lnten3|ty’04 .06. 2011 NOZ (293K), 03 (241K), 04 (296K), HZO (H|TRAN) N02 Cross section (b|ue) and the gl-o.ooz , I ' w !"# j.'
Positive aspects of aircraft measurements and imaging DOAS ) = l ¥ sl g l Atmospheric effects: NO, fit (black) are shown. o0
» High spatial resolution ~100 m (down to ~30 m) at useful spatial coverage =T = o S o Ring (SCIATRAN calculated), intensity offset Example retrieval result: ™ Waeenghim
- Several viewing directions across track are observed simultaneously ' o Polynomial: quadratic Slant Column: SC(NO,) = (4.0+0.1) x 106 molecules/cm?
No data gaps occur along track = Imo Relerence ly: fura scene from same LOS Vertical Col VC(NO 1.8+0.1) x 106 molecules/cm?
° 4510% : : C e I mn: = (1.0xU. m m
Jgap J ol B ! Slit function: individual for each LOS © ?ca o (NOp) = ( )X _ OISCUIESIe
N . | o Residual RMS: RMS, s = 1.5 x 10-3 (optical depth)
. . . . _remeresen . . o . DENEEEr il e Oy, The stated error here is the fitting uncertainty.
10, & Tne bl box (efy marks the fed P, % Takn irfo account ne ATt N, detecion it on the order of 310 moleciam: 1“1 E1E B 8 TE09 IR
- . - . 3), . . | _ . etection limit using 2 x as criterion:
Aircraft Type. Basler BT-67 / DC3 such as roads are identified by higher successful during tight curves, and Optical density RMS: on the order of 10 Sfor a single VC. =36 x 1015 n?olec/cmZ res
Length/Height/Span: 21m/52m/29 m intensity in single glass fibres, i.e. single  streets are mapped continuously and in ~ measurement of 0.5s and an individual LOS. fim == _
| LOS, on the CCD (right). the correct location. (for SZA = 40°, 5% ground reflectance, 1km NO, box profile)
Speed & Altitude: 50-105 m/s; 100-19000 ft
Owner & Operator: AWI, Germany; 4. NO, vertical columns and emission flux calculations above a power plant

Kenn Borek Air Ltd. Canada

Photographs: (top) iDOAS installed in the Polar-5 aircraft
(bottom) Polar-5 in the hangar at Bremerhaven regional airport

NO, retrieval above a power plant Air mass factors, NO, emission flux calculations
* Black coal power plant (848 MW) at Ibbenburen, Germany (52°17°'N, 7°45°E) AMF (SCIATRAN calculations) » Based on Gaussian plume dispersion model
 Slant columns of NO, retrieved by Differential Optical Absorption Spectroscopy  Rayleigh atmosphere, 1 km NO, * Mean wind speed & direction determined using COSMO-DE model wind

* Large variability of NO, amounts across and along track is observed - 0 data and weighting by NO, profile (Gaussian shape, cp. Fig.10)
y 2 nox profile, 5% albedo, SZA and . . .
. The NO. in the exhaust plume downwind of the nower olant is clearly visible  Flux calculations are performed at different distances from the stack
spectrometer Technical information : P _ p P L Y LOS dependence. 0 % Zz Eq 10 G A distribu
curved ° : : ‘ : : :
. Goo | curved . Wide angle objective and fibre bundle Tr_ansects th_rough the plgme are used for ewssmn f!ux estimations o | c(x,y,2) = e _25 exp| — 20 ogéor}ceittjrsast:irr: Clstrl ution
g/ [5G (35 fibres) as entrance optics  High resolution results with 35 LOS are consistent with the 9 LOS results 12} : v |
S const. _ _ _ =1.0F - _ _ _ _ _
Gata | [wigger . . iDOAS NO, VC: 04.06.11 Fig. 7: NO, vertical column S 0 | oedo002 | Dispersion of concentration ¢ across plume (y) and over altitude (z) is taken
Z j * Acton 3001 imaging spectrometer TS 09 LOS E/r:oll\eljzcm‘z] amounts along the flight G0ty ' intopaccount with source strength prind iy)eed uand s read( ) and
i  Grating 600l/mm, blazed @500nm @ 0 g ) track retrieved from the 04| abesnoz0 : o 9N J , WING Spee P % Oz
_ s o flight on 04.06.2011. 02| f Along the wind direction x only advection is considered.
ibre bundle « Spectral window 412 - 453nm ‘ : 2010 5o ewind from the power g | | | | L _ |
. . " P 1.0 5 20 25 30 dl dl Eq. 2: Derived using Gaussian
pieture. ﬁ | fight » Spectral resolution 0.7 - 1.0nm o O —| 610" plant of Ibbenbiren, strong | Block Alr Mass Factor IVC ~ ZVC : divergence theorem
aiosiv - sl 9% | . Frame transfer (FT) CCD Detector, % | 1z10¢ enhancement of NO, is  Fig.8: Block AMF for different albedos S o .
r 5 so10v Visible.  Average  wind at 40° SZA and 1.1km flight altitude. ApprOX|mat|on of source strength is achieved via discrete summation over
scattered ligh " ' . . : '
Fig. 1 fom beow 512x512 pixels, 8.2x8.2 mm? I 5o direction was about East A'V('j': Id'ffered”ées b_et""e?” box profile  the product of vertical columns (VC), wind speed and path length dl.
. L aircraft _ North-East, see inset. and elevated Gaussian plume: ~10%. | | | | o | | | _ _
InStrumental Setup eGap free measurements (due _ to FT 52 2 _0'01000 Enhanced NOZ iS on the o : 20007 é‘—-—%of pollutant per layer at x = 1000m 11 09:00 UT ‘ Flg 10 . F\.)elaj[lve . NOZ
- CCD) and flexible positioning In 419" order of 10 molec/cmzwith | Fig. 9: Transect positions through o L T e v e oo ||| =donr aiftuce distfioution nside
s Q Obsgervepd areap“;ov) aircraft (due to sorted fibre bundle) BREMEN | [molec cm?] maxima > 2-101% molec/cm3. exhaust plume at different | = D] — % of pollutant per layer at x = 6000m .e plume at tour aifreren
- ¥ 4 . Divisi i ~ distances from the stack around ry distances from the stack
: <> instantaneously . > Top: Division of the field of - ais 8 1000 L _
obsenedarealiov) | VIewing geometry 2010 View into 9 lines of sight - 10:00 UT wused for emission = Sheeft) aggé"l'\;l‘gﬁéedfn fggg‘l
« 2 nadir ports: spectrometer & camera 523  s1ge (LOS)  allowing  spatial ~ calculations: 500 | (right). NO, profiles are
. 2 resolution of ~100m. g ___ DOASNO, VC: 04,0611 ’ ' 2
G_emf)catlo_n' fr.om GPS & gyrometer 5 219" Bottom: Consistent result ’ B g 0L | | | | J L | | Ll tjosegetaesrmmi/r?leghr%ne%rfa(\:/\t/?rrz
* Viewing directions: max. 35 (typ. 9) -8-010 for full spatial resolution of ’ 2o0/°ofp§|?utam§§r|ayefo 0 ing speed1(icr)1 m/s) " speed and direction
lines of sight, (LOS, 8,) from 35 fibres #0107 35 LOS with ground pixel _ — '
Field of View: ~48° rack (6 o o010° side length on the order of - Estimated NO, emissions: Qyg, = 2100-2400 T/a
€ido \_”ew' acros§ rac | (0) -4.010' aro'url]oql't 30T-N(F)'”e Spat'f" - Emissions of NO, (using NO/NO, = %) : Quo, = 2600-3000 T/a
» Swath width: ~order of flight altitude H . - - varlablity o i, amounts | , > Results are in agreement with E-PRTR*(1910-3280 T/a in different years)
ongitude IS resolved. “European Pollutant Release and Transfer Register

Exposure time t,,: typ. 0.5s
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(pitch, roll and yaw) is required In .« Ajrcraft pitch, roll and yaw angles are fully taken into account for correct ground geolocation SCIATRAN model, thanks to V. Rozanov.

addltl0f.1 tO. GPS position f(?r correct < NO, column amounts have been retrieved, pollution sources are observed (power plant, cities, etc) Selected References
— N determination of the geolocation * For typical situations (geometry, albedo, SZA), spatial resolution of 30 m (along and across track) is achieved « P. Wang, et al: Measurements of tropospheric NO,, with an airborne multi-axis DOAS instrument,
Fig. 3: How the aircraft angles - » Displacements of the ground pixel due . Fyrther findings: Large spatial NO, variability and consistent NO, retrieval results for different LOS divisions Atmosr;:hem- Phys-l' S, 337_32362003 o | . f
affect the around pixel location - - S . _ _ _ .  F. Lohberger, et al : Ground-based imaging differential optical absorption spectroscopy o
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aEE * Air mass factor consideration will be refined in future analyses « C. Popp et al.: High-resolution NO,, remote sensing from the Airborne Prism EXperiment (APEX)

 Further dedicated campaigns will be conducted with the imaging DOAS instrument above pollution sources imaging spectrometer, Atmos. Meas. Tech., 5, 2211-2225, 2012.
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