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Introduction Aerosol Profile Retrieval Trace Gas Profile Retrieval Total VCD of Trace Gases Retrieval
A MAX-DOAS Instrument has been working in the Environmental Research Station Schneefernerhaus (UFS) on The vertical profiles of aerosol are retrieved from the DSCDs of O, (oxygen dimmer). The vertical profiles of trace gases are retrieved from the aerosol profiles and the DSCDs of the trace gases. The In this section, the DSCDs of O; and NO,, are calculated from the zenith spectra measured during twilight hours (SZA=86-91°), with
Zugspitze, the highest mountain in Germany since 2011. The DSCDs (differential slant column densities) of O,, Retrieval algorithm: bePRO (developed by BIRA-IASB, Clémer et al., 2010; Hendrick et al., 2014) retrieval is also done with bePRO algorithm. a fixed zenith spectrum measured in the noon of a summer day used as the reference spectrum. As the light path at noon is much
NO||2 H(t:hH?/,Can (SO% eth:. alre me(?suriq, )an(;l tthetvert;]ca[ pgfllesdolil(t)roposphfrlc agrosol, NO,, and HCHO, as Sarmen riecE e UIBEIET eriae memeien el Table 3. bePRO settings for trace gas profile retrieval shorterl thatn Ithat durlngstévEl)lght hours, the trace gas absorption in the reference spectrum can be neglected, so the DSCDs can be
well as the s (vertical column densities) of stratospheric O, an are retrieved. : . - L . approximately seen as S.
N P 3 2 y - Retrieval method: Optimal estimation method (Rodgers, 2000) Band, wavelength and trace gas species UV, 360 nm, HCHO VIS, 477 nm, NO, PP y
r 5 . _ Y Table 2. bePRO settings for aerosol profile retrieval Retrieval grid Same as aerosol retrieval The AMFs (air mass factors) of O5 and NO2 are obtained from a look-up table developed by BIRA-IASB. The AMF data in the look-
Observation Site and Instrument - Fixed profile obtained from Fixed profile obtained from | jn ey PR o ~* up table are calculated using the UVSPEC/DISORT
_ _ _ _ Band and wavelength UV, 360 nm VIS, 477 nm Apriori profile 1w 1 | = aameis | I g sos
The Environmental Resc_earch Station Schneefernerhags (Umwelt Fo_rschungsstaﬂon Schne_efernerhaus, UFS) is 2.65 - 5.05 km: 12 layers of 200 m thickness IMAGE model, change monthly | MOZART-2 model, change monthly P ETE S Sl F T \ radiative transfer model _whlc_h includes a treatment
located under the summit of Zugspitze (2962 m), the highest mountain of Germany, at an altitude of 2650 m. This Retrieval grid £ 05 - 6.05 km: 1 laver of 1000 m thickness Surface albedo 0.03 0.05 5 oees | i 5‘;3:1;; i A TR B N P R el . of the multiple scattering in a pseudo-spherical
site is surrounded by the mountainous area of Alps, and the ambient air is mostly clean and unpolluted. — . — R _y _ _ . ) i 13 S aemn | |3 = geometry. The VCDs can then be derived by dividing
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The MAX-DOAS instrument has been working since 2011. It consists of one telescope and two spectrometers. of a priori (S,) i - - e o e o frmeer e
Surface albedo 0.03 0.05 a Apriori covariance correlation length 0.2 0.2 _
o location: on the t S RS : T rorior : E——— 03z o1 (a) SCD and AMF (a) SCD and AMF Figs. 22 and 23 show the SCDs, AMFs and
elescopelocation. on the terrace ot the . Covariance matrix | Apriori covariance scaling Factor (5) i Standard of valid results: it A IS SV zurs e calculated VCDs of one day. The stable VCD value
. 1011 * 1A i i n n < 60E+I8 | < 6.0E+I8 | < < .
Telescope direction: southwardso, tovxzardsotheo mcgun(t)alnczus sl of Alps | o of a priori (S,)* | Apriori covariance correlation length 0.05 0.05 - Relative RMS between measured and simulated DSCDs <30%, and £ Sovon | £ Sovs | e suggests that the AMF is reasonable.
Vertical scanning sequence: 30°, 20°, 10%, 5%, 27, 1°, -2°, 90° (scans only in vertical direction) *: The diagonal element of S, corresponding to the lowermost layer S (1, 1) is set equal to the square of -DFS >1.0 > Somas | % 2o0ets | % | OIZEIS Figs. 24 and 25 the total VCDs of O. and
Spectral range Uv (320 478 nm before Feb 2016 285 450 nm after May 2016), VIS (427-649 nm) B times the maximum partial aerosol optimal density (AOD) of the profile, and the other diagonal Figs. 14 and 15 show the results of HCHO and NO.. retri | of a sinal 1 (th Fias. 7 and 8). Fi 16 Lomts | e | ® oo L . . Ig5S. all compare the fota S O Uy ah
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el ~ partenklrchen (Clémer et al., 2010: Franco et al., 2015). and 17 show the retrieval results of the entire day of 30.Aug.2015. (b) VCD (b) VCD satellite. The satellite data are chosen from the data
Standard of valid results: oo PRSP e oI e o PR DO Figs. 18 and 19 show the average Fig. 22. Example of O, VCD Fig. 23. Example of NO, VCD poinltlb"t within 150 km frorr]n the UFSb-_t(T_thelGOME-2A
) : E o a3 _¥E O Lamed gy esipimier - : Jul. Jul. satellite is in a sun-synchronous orbit, it always pass
- Relative RMS (root mean square) between measured and simulated DSCDs <20%, and FF b Eed per | S B P HCHO and NO, vertical profiles and the ) easuementios Juke014) I , 9_3% i i y fp o
- DFS (degrees of free Signa|) >1.0 E‘wo— :;“49 3 E"m_ L —iigiﬂé 21;:12 month|y average VCDS, reSpeCtlver. 14E+19 - 1.2E+19 ove_r a place a . OCa |me-.) e a a o - e
3 E 1 ¥E > EREI: : o _ R Y S A entire year of 2014 are shown in both time series
Figs. 7 and 8 show the results of aerosol profile retrieval of a single scan in UV and VIS bands, I o e B o o 'm' opuipspupg It can be seen that HCHO is hlghest in e R VR Y E e |0 T s and y v plots.
respectively. Figs. 9 and 10 show the retrieval results of the entire day of 30.Aug.2015. That day (a) a priori and (b) Retrieving  (c) averaging kernels  (d) measured and summer all along the year. Th_'S result R CETEN e, 2 aamen | yad t can be seen that the total VCDs of O. measured
was mostly clear, but there were some clouds in the afternoon. retrieved profile errors (DFS=1.291)  simulated HCHO DSCDs ~ agrees well “with other studies, the T 2] e | S by MAX-DOAS and by GOME-2A satellite
: : . S 8 s | A R - an -2A satellite agree ver
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| | E T SETTTTTTTTITITT ST, A0 g T Igs. 11 and 12 show R - | summer is caused by the stronger photo- POTIOE0  40ES  BOETIS 126419 well with each other. As for NO,, the correlation is
Fig. 2. Surrounding view of the site £ 1 geRy PR geb | SRR searp R e the average aerosol oo PRI gy o s e geremes chemical process in SUmmer. T 0nVOD GOME-2 s not so good as O,, but still in a reasonable range.
‘ & ~ = e ERN )1 L SRR feet N . vertical profiles and - Foof G IR i E BN o | o | (@) time series (b) x-y plot This might be explained that the total VCD of O,
‘ % T Azimuth " E EN 1 5 15 ot the monthly average M e : EfE D S - As for NO,, it has 2 peaks in winter and Fig. 24. Total O; VCDs measured by MAX-DOAS and GOME-2A (2014)  mainly exists in the Ozone layer in the stratosphere;
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‘ . o y s Optical Fiber retrieved profiles errors (DFS=1.684) simulated O, DSCDs  \/|s  pand. aerosol (a) a priori and (b) Retrieving (c) averaging kernels (d) measured and discharge; while in summer, it is g soens | R TTE B IR 2 oS ] VCDs of NO, measured by MAX-DOAS in the
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R Fig. 7. Example of aerosol retrieval in UV band (30.Aug.2015 08:57 UTC) |pad is relatively high —— pram S —— retrlev(al e ?30 Aug 2015 08: 25 UTe notlceable. in Flg. 18(b) that the R ey THCI DL e Samns | L morning are lower than those measured in the
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L (from Jurgschat, 2011) (from Niebling, 2010) ) 1 — wavelengths. g : Y \&\.\ s From 12.May.2016 on, the former spectrometer of the UV band has been replaced by a new one which can cover the fitting window
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DSCD Calculation s , g P T Py ARARRRARD oo 05 10 1s Fig. 26 shows the daily average of SO, SCDs calculated from the zenith spectra in the noon (170°<SAA<190°), with the zenith
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2 " " Intercomparison with in-situ measurements: Figs. 20 and 21 show the comparison between the HCHO and NO - fo the lower SZA in winter can also increases the SCD.
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