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Investigation of Absorption Cross-Section Effects on the Formaldehyde
Column Density Retrieval from Direct Sun Measurement

Gyeong Park" - Jeonghyeon Park? - Hanlim Lee (®)%*

Abstract: In this study, we investigated the effects of the spectral fitting window and absorption cross-
section on the retrieval of the formaldehyde (HCHO) slant column density (SCD) from the direct-sun
measurement of pandora spectrometer system using differential optical absorption spectroscopy (DOAS).
Pandora Level 1 data observed at Yonsei University in Seoul from October 12 to 31, 2022 were used.
The HCHO column density was retrieved under eight ranges including the spectral fitting window
used in the Second Cabauw Intercomparison campaign for Nitrogen Dioxide measuring Instruments
(CINDI-2) and seven types of absorption cross-section composition. The spectral fitting window was
selected from 336.5 to 359.0 nm with minimum residual and HCHO SCD error. When the nitrogen
dioxide (NO,) absorption cross-section at 220 K was added to the cross-section composition used in the
CINDI-2 campaign among seven types, the residual and HCHO SCD error were the smallest and the
HCHO column density was stably retrieved. The average HCHO SCD with the highest retrieval accuracy
and the values retrieved under other conditions differed from a minimum of 4% to a maximum of 40%.
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Q0F: X Lo A= Pandora spectrometer system @] Bl oF 2| &3 #= A2 2 HE 25523 (differential
optical absorption spectroscopy, DOAS)Z o]g5f0] x5 3| = (formaldehyde)-—] 73 AP %5 I (slant column
density, SCD)E AFESH ) 2B E R 3] ¥ (spectrum fitting) T -17F W St 2 o] A& of v 2] &= Je =
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Table 1. List of the spectral fitting window candidates

Fitting window | Interval

(nm) (nm)
336.5-359.0 225
322.5-359.2 36.7
332.5-350.0 17.5
335.0-357.0 22.0
335.0-358.0 23.0
332.0-359.0 27.0
328.5-358.0 29.5
324.0-360.0 36.0

Study

CINDI-2 (Kreher et al., 2020)
PGN algorithm (Cede, 2020)
Park et al. (2018)
Leeetal. (2015)
Lietal. (2013)

Spinei et al. (2018)
Franco et al. (2015)
Herman et al. (2018)
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Fig. 1. Spectral residual and HCHO SCD errors of 8 spectral

fitting window candidates.
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Table 2. List of the absorption cross-section used by each case

Case Absorption cross-section Study
HCHO: 298 K (Meller and Moorgat, 2000)
NO:: 294 K (Vandaele et al., 1998)
CINDI-2 05:223 K, 243 K (Serdyuchenko et al., 2014) CINDI-2 campaign (Kreher et al., 2020)
04: 293 K (Thalman and Volkamer, 2013)
BrO: 223 K (Fleischmann et al., 2004)
PGN algorithm (Cede, 2020)
Case 1 NO: $7}: 220 K (Vandaele et al., 1998) Park et al. (2018)
Spinei et al. (2018)
Case 2 03 ¥17: 223 K, 243 K (Bogumiil et al., 2003) Park et al. (2018)
Case 3 04 ¥17J: 263 K (Hermans et al., 2003) Spinei et al. (2018)
Park et al. (2018)
Case 4 BrO 7 €] Spinei et al. (2018)
Case 5 SO2 37}: 298 K (Vandaele et al., 2009) PGN algorithm (Cede, 2020)
Case 6 HONO 37} 263 K (Stutz et al., 2000) PGN algorithm (Cede, 2020)
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(298 K; Meller and Moorgat, 2000), NO, (294 K; Vandacle
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Fleischmann et al., 2004) & A-8-3}- 1t}

PGN &318]Z(Cede, 2020)T} Spinei et al. (2018), Park
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A2 7 HONO F41HH 2l 271513t

-0.0008 Residual

Optical density

- Waa\:;ength [m:']" =

Fig. 2. A deconvolution example of the DOAS spectrum
for the retrieved HCHO SCD. Black lines represent
the absorption signal and red lines represent the
sum of the absorption signal and the fit residual.
The spectrum was obtained at 16:35 p.m. (local
time) on October 12, 2022. The reference spectrum
was obtained at 12:00 p.m. (local time) on October
26, 2022.
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Fig. 2= 20224 10 12Y 2.3 4A] 258 (local time) A}
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T 54% A AFEE AT A1
z27 ofg A& E I 5% 582x10" molec. cm20]
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A H Itk Fig. 33} Fig. 48] (b)ol| Al Case 52} Case 69]
2o CINDI2 Rt} BHA 08 =0 =2 pojr}
Case 58] Ht ZrH 57} 71 =11 Case 1 o} AR)Z-
Plew o] PFO 151% =T} CINDL2 27 o) 1
FLE7FAREE AR oA Case 59] AbE AT 5.96x10'
molee, em0 2 ¢ 7 A2 91T} hA)uk B 2
SE7T 7P 22 Case 490 4]+ 5.50%10" molec. cm™>©.

¢ @A A= E| 9]t} Fig. 37} Fig, 42] (b)) A% Case 42
Atz A7) Bl d g 28 8018k 4= ¢tk Case 3
2} Case 48] 7ol A1 ANR7k 2 0.0 109 1300
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Table 3. The results retrieved with absorption cross-section composition of each case

Case No. of data Residual HCHO SCD SCD error HCHO VCD
(molec.” cm?) (x1016 molec. cm®) | (x1016 molec. cm®) | (x1015 molec. cm?)

CINDI-2 1290 5.09 x 10* 1.78 6.26 8.52

Case 1 1299 4.64 x 104 1.86 5.70 9.01

Case 2 1186 5.18 x 10 1.50 6.22 7.19

Case 3 988 529 % 10* 1.43 6.58 6.29

Case 4 965 536 % 10* 111 6.05 4.92

Case 5 1312 496 x 10* 2.18 6.41 10.61

Case 6 1305 5.02x10* 1.96 6.69 9.49

 molec. represents molecules.
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Fig. 31} Fig. 48] 18 3 (2)9] Case 31} (b) 2] Case 45 E
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. Time series of HCHO SCDs depending on the type

of absorption cross-sections. (a) CIDINI-2 and
Case 1, Case 2, Case 3. (b) CINDI-2 and Case 4,
Case 5, Case 6.
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Fig. 4. Time series of HCHO VCDs depending on the type
of absorption cross-sections. (a) CIDINI-2 and
Case 1, Case 2, Case 3. (b) CINDI-2 and Case 4,
Case 5, Case 6.
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Fig. 5. Scatter plots of HCHO VCDs retrieved by Case 1 and HCHO VCDs retrieved by other cases. (a) Case 1 and
CIDNI-2, (b) Case 1 and Case 2, (c) Case 1 and Case 3, (d) Case 1 and Case 4, (e) Case 1 and Case 5, and

(f) Case 1 and Case 6.
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A E4-& 42333}t (Fig. 5).
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Table 4. The result of correlation analysis between HCHO

VCDs*
No. of Correlation
Case da coefficient | Slope | Interceptor
ta
®)

CINDI-2 1279 0.97 0.98 -0.04
Case 2 1182 0.94 0.92 -0.16
Case 3 980 0.83 0.86 -0.25
Case 4 980 0.81 0.74 -0.28
Case 5 1296 0.96 1.04 0.13
Case 6 1296 0.93 0.86 0.17

* VCDs retrieved with absorption cross-section composition of
Case 1 and HCHO VCD retrieved with absorption cross-section
composition of other cases.
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