Intercomparison of MAX -DOAS retrieval algorithms using MAD -CAT NO, campaign data
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Introduction Intercomparison results Evaluating the effect of slit function treatment
Measurement principle : Differential Optical Absorption Spectroscopy (  DOAS) el e T EESZQWTri_TTSsgeSSI NO, + Different groups are treating the provided slit function in
+ Based on Lambert-% HHU fV ODZ | o | 1B PR AL | T SCoin2 fand 207 ditterent ways (.9. Fig. 6) useasis
t High-frequency part of (known) absorption structures 1are fitted to optical depth 2 / e e N B 11 S S . [ seyaten rom 16 June t Tests were performed using a fixed retrieval code
: 2 Noon o KNM 2 ' | | | | Sequential o~ MPICRa ’ ’ ! sub offset
T DOAS equation (I and are |, are measured): sl |reference || [Ti® | 7| reference || T noonreference and (Bremen code) in order to evaluate the effect of the _ _
o T T o \S,‘jq;ned”f,'i‘;rﬁf,e;eegcﬁa%_ei’) slit function treatment (Tab. 3) geometriccentering
: — T Test measurement: 5° spectrum from 18 June 2013 9:20 UT, | cutoffvalue=0
noon zenith reference, 425-490 nm fit window fit gauss
T Result: Slant columns (absorber concentration L integrated over light path s) fit gauss (mu = 0)
. : : : 7| aeeece cooocccocoo ccocos 0ot o c0ove ococo 000 | | é I 1‘6 _ | Fig 3:Linear regression results /EEffect is small (Tab. 4), but In the Tab 3: Different tests performed in order to evaluate
T 1, measured usually in zenith direction e E | . gmﬁe |rr;t§trce?§$a§grnriﬁgfer2 same range or even larger than  the effect of different siit function treatments on NO,,
| o | 1 As a reference for the intercomparison, IUPB results have been used. (wrt. IUPB) using fit setting the fit error (SC,,,,, § KHUH

Intercomparison and harmonization efforts in the past (IUPB2 estimates the effect of using a different reference in Fig. 2, 3, 5). V1 (see Tab. 1).

DOAS is a widely used remote sensing technique . . : SC NG Relative
i Groups use theiry own instruments andg(mostl C)Itheir own retrieval codes + Agreement and correlation for sequential #EProduces disagreements between groups 10" moleciom) | difto T4

P . . Y reference worse than noon (Fig. 2 and Tab. 2) In the same order of magnitude Tl |1.506376 :
T Intercomparison campaigns (e.g., CINDI, MAD-CAT etc.) attempted to evaluate the agreement T> | 1498138 0.55%
i ' i i i i Large fit range shows slightly better correlation . . L ' '

between groups (i.e. using different instruments and different retrieval codes, e.g. [1,2]) + (mogre e rr?ation o 3 st;’tistical scatter) A Open for discussion which is the T3 1.506375 <0.01%

. | | | most correct result (i.e. recommendable T4 | 1498138 0.55%
Objective and approach here : | | | f NO, differences are < 5E15 molec/cm? (Fig. 2,3, treatment) T5 | 1501436 0.33%
I Spectra measured by IUPB MAX-DQAS _durlng _the MAD-QAT campaign were provided Tab. 2) and depend on elevation angle (Fig. 2,5) Fig 6: Example of slit functions Tab 4: NO, slant column changes |18 1.506642 0.02%
T Every group performs DOAS analysis using their own retrieval software . . . _ used in tests T1 and T6 (Tab. 3). In different tests (w.r.t. test T1) T7 1508762 0.16%

T Histograms (Figs. 4,5) and questionnaires allowed

T Results (slant columns) are then intercompared
FEEstimation of agreement of different DOAS retrieval codes (not biased by instrumental effects)

/Eldentification of systematic differences 1. Treatment of reference (a few 105 molec/cm?) QA4ECV MAX-DOAS fit recommendations

2. Differences in wavelength calibration

to identify most important systematical differences:

3. Different treatment of the slit function NGO*lambda | Ring*lambda| Linear offset | Tab 5: Fit settings shown in Fig. 7
M AD C AT - & - -t - - (ortho) term (slope) | for final QA4ECV MAX-DOAS NO, Base fit
= Cam pa.l g n I n e rCO m parISO n exe rCISe Base fit* fit recommendation. Leegssﬁftit
rec4 fit
rec2 *Base fit: 425-490 nm, p6, O, NO,,
MAD-CAT campaign: rec3 IO4, H,0, Rfifng, .
. . . . t t t: tant
T Multi-Axis DOAS Comparison campaign for Aerosols and Trace gases (MAD-CAT, e.g. [3]) recd EnSTY GTSER HonsEn
T Carried out at Max-Planck institute for Chemistry (MPIC) in Mainz, Germany
11 international groups participated with their own instruments t Intercomparison fits are reasonable, but improvements possible
T IUPB instrument was deployed from 7 June to 6 July 2013 ¥ RMS reduction by NO, AMF wavelength-dependence:
NO,*lambda (orthogonalized, rec2 fit in Tab. 5) largely
. ] . . . 0.0011 T
Intercomparison exercise: Tab 1: Fit settings used in the intercomparison I reduces the RMS in small elevations (Fig. 7) 00010 1 Base fit |
. . _ C 0/ S Int t . . . : fi
I Not restricted to campaign participants Fit | Reference | Fit window | Polynomial | Cross sections | Calibration orr (%) | Sloperange {;Séﬁ?ﬁa Tab. 2: Summary of I Ring*lambda (rec3) yields small further RMS reduction 00009 |- ecaft |
t Data provided: Off-axis and zenith spectra | v1 | noon 0, NO, (298K > 99.98 statistics (Fig. 3) for t Linear offset term instead of Ring*lambda has same effect 00000 | reod |
: 1 | 425490 nm 5 (6c0e9 | and 220kortho), VI | outiery |0-985-1.01 | 2:3E15 It setling 0.0007 |
measured by IUPB instrument at 18 June via | sequentia 0, O, Ring Based on solaj 2 soom || /4 _
. . .. . . 41 ' ’ i = 0.
(best viewing conditions during campaign), |2 | noon 411445 nm | 4 (5c0efy | Oth order intensity atlasprovided via [>99.2 |0.96-1.01 |2E15 o ' oo00s |/ /A » A -
slit fUﬂCtiOﬂ, Cross sections v2a | sequential offset correction v2 | >99.94 0.985-1.005 | 2-3E15 i rec4 fit shows very sma 0.0004 - L' ' : _
' i i ' 0.0002 H F U ? =
t Participants: 16 institutes (IUPB, MPIC, sections included (Fig. 8) o R S S AN |
6.8 7.0 7.2 7.4 7.6 7.8 8.0
IUPHD, U Toronto, CU Boulder, Jamstec, . . . T
fErecd is QA4ECYV final fit - . |
KNMI. INTA. AUTH. BIRA. CSIC. NIWA dati f Fig 7: RMS of different NO, fits (data from 18
! ’ ’ ’ ’ ’ recommendation tor June 2013). Red line: Base fit. Blue line: rec2
IAP, BSU, USTC, UNAM) : fit. Green line: rec3 fit. Brown line: rec4 fi
! . ! . ! . tI‘O 0S herlc NO It. Green line: rec3 Tit. Brown line: rec4 it (see
T A gquestionnaire was sent around in order pOsP 2 Tab. 5).
to understand differences Fig 8: Correlation matrix of differential cross sections used in the final recommended
QA4ECV MAX-DOAS tropospheric NO, fit (rec4 fit, Tab. 5)
Fig 1. Instruments deployed at MPIC roof during the MAD-CAT
gﬁjrgsait;gtr;{eTgﬁelgrlz]’l?h??;?gdegts providing measurements for this Fig. 4 (left): Subset of histograms for different groups w.r.t. IUPB .
' using fit setting v1 (Tab. 1) for different elevation angles. Red:
Calculated Gauss distributions of histograms. S u m m ary an d CO n CI u S I O n S

Fig 5 (top): FWHM of Gauss curves in histograms (Fig. 4) for each
group and fit setting v1.

T 16 international groups participated in an intercomparison exercise of DOAS retrieval codes.

T In contrast to former intercomparison campaigns, findings characterize differences in retrieval
codes only (not biased by instrumental differences).

SGIECted rEferenceS T Systematical differences are mainly caused by 1) use of the reference spectrum,

2) differences in wavelength calibration, 3) different treatment of the slit function.
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