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Fig. 1. Schematic of the IBBCEAS instrumental setup.
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Fig. 2. (color online) Reflectivity of mirrors (red) and

cross section correction factor (blue).
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Fig. 3. (color online) Cross sections of NO2 and O2-Oa.

5t F Apeak, 1F454—A487 nm P Bt N 04-04 7
477 nm A — RS (LI 3 ), BIEHL A\ peak /9 477
nm. AR4E (5) X, B2 E 1B 2 1E T
F(X) & 2 pow.

P 4 28 H 17 X 0 = A B A 4B T 3R AT B IE )
1 DOAS 0 & B — s, 1B 5 2 BB IER fl&
ZEIROEIERER R A 90 s. AR HoO 1E AT
PSR T DUHIBR, b Ho O (¥ 2 25 W W a8 T e e

OXHER TR RS2 BT 2 1A AN 28 R B B A
33 WEERER, BIER PSR ZE bR R 2=
(3.7x10~4) /NFEASIER FIMH (4.1x 10~4), BB IH
T A5 TE WSO s/ 1 AU PR 2 R ) — B i 4
F. RAE IER ) DOAS L&, S H ) O2-O9 #F
W SCDo, 0, = 3.03x10%2 molecule? /cm®, NOy
¥ B SCDno, = 6.24 x 106 molecule/cm?, 1}
H 33| IBBCEAS P3G FE La~1.11 x 105cm,
NOg K JZ 4 22.48 ppbv, TR AL SR E [ T7i%
S H B N O W Z N 21.94 ppbv, s 45 S AE
I

0.0110 FT

(a) NO, ]

0.0055 1
0 -
—0.0055 q

0.0022 |
s 0.0011F
I 0.0000 |
Eil
ES
R

—0.0011 ,
0.00130

—0.00065
0.00116 [

0.00058
0
—0.00058

455 460 465 470 475 480 485
Pk /nm
B4 (WTIR @) 86 E R & RMS(R %) —
3.7x 1074
Fig. 4. (color online) A fitting sample with correction
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Fig. 5. (color online) The same fitting sample as Fig.
4 but without correction, RMS(residual) = 4.1 x 10~%.
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Fig. 6. (color online) (a) Time series of atmospheric
NOg3 retrieved by CEDOAS method (red) and IB-
BCEAS method (black); (b) correlation of NO2 con-
centrations retrieved by CEDOAS method and IB-
BCEAS method.
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Table 1. NO2 concentrations retrieved by two meth-

ods in case of different errors of (1 — R).

SR 1 NO2 iR & /ppbv
HF (1 — R) MXRZE /%

CEDOAS%: IBBCEAS %
0 22.48 21.94
10 22.48/22.48  19.81/24.07
20 22.47/22.48  17.67/26/21
30 22.46/22.49  15.54/28.34
40 22.45/22.49  13.40/30.48
50 22.44/22.50  11.27/32.61
60 22.43/22.49  9.13/34.75
70 22.41/22.49  7.00/36.88
80 22.35/22.50  4.87/39.01
90 22.24/22.50  2.73/41.15
100 22.21/22.50  0.60/43.28
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Abstract

Incoherent broadband cavity-enhanced absorption spectroscopy (IBBCEAS) has a very high detection sensitivity,
nevertheless the quantitative results retrieved by the traditional concentration retrieval method are affected by the
calibration error of mirror reflectivity. Therefore, in this paper we present another concentration retrieval method based
on the measurements of atmospheric O2-O2 absorption. In this method the optical cavity of IBBCEAS is equivalent
to a multi-reflection cell, in which the optical path length is independent of the wavelength, i.e. a constant. First, we
get the slanting column concentrations of atmospheric O2-O2 and other trace gases measured by using the differential
optical absorption spectroscopy (DOAS) to fit the corrected cross sections of the measured gases to the optical density
from the IBBCEAS absorption spectra and reference spectra. Second, the optical path length of an equivalent cell is
determined by the known concentrations of O2-Oz in the atmosphere. Third, the concentrations measured for trace
gases are retrieved by the deduction of absorption optical path length from the obtained slanting column concentrations.
The above method is demonstrated by measuring the atmospheric NOz with an IBBCEAS instrument in the range of
454—A487 nm. Atmospheric NO2 concentrations retrieved by this method are compared with those by the traditional
method, and the difference between them is shown to be less than 7%. Experimental results show that the absorption
of atmospheric O2-O2 can be used to quantify other trace gases when measured by IBBCEAS, and, above all, the

quantitative results are almost insensitive to the calibration error from mirror reflectivity.

Keywords: incoherent broadband cavity-enhanced absorption spectroscopy, concentration retrieval,

atmospheric O2-Os, NOs detection
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