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Wavelength Misalignment in the Retrieval of Atmospheric
Trace Gases Concentration
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Abstract:  In the retrieval of atmospheric trace-gas concentrations, it’s a widely used method to fit the
calculated reference spectra to the measured spectra with least-squares methods. However, because of inac-
curacies of the grating position, thermal changes in the spectrometer, and resolution differences between the
two spectra, there is a spectral misalignment between the measured spectra and the reference spectra, that
is the measured spectra may be shifted or stretched/squeezed. These misalignments will affect the accuracy
of the retrieval. An algorithm for the shift-and-squeeze spectral correction in the process of the retrieval is

introduced and the concentration error caused by spectral shift under different resolutions is calculated.

Key words:  spectrum adjustment; wavelength misalignment; least-squares method

W H B #8: 2009-04-28; &3k H #: 2009-06-12
ESME: FEMNERARCF TREZEAAE (KGCX2-YW-418-3) # B

E-mail: apartofme510@Qyahoo.com.cn



w1 # JgO¥E,

AR B BE S A Y T VAR 22 F 41

1 51 =

IR TSR B VR B — R IR M g — A
HENE., —FOrERENENEDRE S %
T3Py O S0 BE 0 228 T A L LA, DLB S TR
SARBIUREE . 0 RS2 A R 2 A R B L
M5, IR HEARIE 2 B DR S — 3,
AR AR B R [ R (L An 2R, 4 WM i R
B) R —3, s DU R S 5 25 5 e I
L —i:, AEEREHERZN . HRE
SR ER R RKRERAEMN G, Tous@ELLm
BEICHRENSHE, MELETHHE -6
SEWE, HHNSECRA 5 — M ERIAR AL E
FBRA BRI, 1 HITRAND, AR5 B i3
S5 MG YCE TS, AT B AR
SR E. fEai B R, (AR
MIRHERS . RS E Z . AR5
BRI, e FBHEIR S LR 34 B
MR 615 5130 278 615 2 187 78 185 X 1 MR
%=, G eERET RS, Mg ESR, 5
HHESHZGIEZ AAETEMEERYE, X
P& 22 45 W B SOUR SRR K 2, (R AR
A B X %l 2 AP 40 B B 5

ARSNGB T — PR S Ao R AR A I 3 X
EWEE, HETARAESHETHARRE
B T JEE B 3 A VR P I TR 22

2 UKL

JEM G A R KA A Tz Y 806 1
M B 2%, A SCEEA B G SR R A AR Y
Czerny-Turner Y522 248, W& 1 PR,

Czerny-Turner 6% £ 4t J& 7€ Ebert-Fastie Jf
WG Em ERHEERy, R ACFmE e, A
PR SRR ] 4 /05 T TR 2 S5t 5 4 ) AV e T B T R AR
Ygs. MEOCIERTRE R T(N) BGHCER BEUER
NS B4 b, Be BRI R i, W TS
SHERIRS, A5G 10\ MR &AL,
RS TE, XA LRGSR R 2
By &R R

I“(\) = I(\) ® ILS. (1)

eI NP5t

S

et (H2P HE LB )

S 2

N ﬂﬂjlﬁ FELA 48 T

/’] AR

Lk -
CCD #%

Kl 1 Czerny-Turner Y62 R 4 faj F

Fig.1 Sketch of Czerny-Turner optical system
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Fig.2 Absorption spectrum of 330 ppm CO> for a vertical light path of 3 km from ground
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Fig.3 CO3 absorption spectra of different resolutions
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Fig.4 Flow chart of calculation procedure
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Table 1 Wavelength shift and the errors

A% (cm ')
THE (nm) 0.5 0.25 0.07
MafE (ppm) | MXRE (%) | BEE (ppm) | HMRE (%) | #14HE (ppm) | HXRZE (%)
—0.05 355.212 1.33 316.569 12.06 115.401 67.94
—0.04 356.532 0.96 331.056 8.04 150.216 58.27
—0.03 357.621 0.66 343.002 4.72 199.617 44.55
—0.02 358.413 0.44 351.846 2.27 264.198 26.61
-0.01 358.908 0.30 357.357 0.73 329.868 8.37
0 359.106 0.25 359.238 0.21 360.030 0.0083
0.01 358.908 0.30 357.357 0.73 329.868 8.37
0.02 358.413 0.44 351.846 2.27 264.198 26.61
0.03 357.621 0.66 342.969 4.73 199.617 44.55
0.04 356.532 0.96 331.023 8.95 150.249 58.26
0.05 355.212 1.33 316.536 12.07 115.401 67.94
2 AITHER
[3] Stutz J, Platt U. Numerical analysis and estima-

Table 2 Results of simulated calculation

tion of the statistical error of differential optical
FHE R B&HE (ppm) |IH5REE (%) . .
absorption spectroscopy measurements with least-
0 L¥ERUN M G|  359.238 0.21
w - squares methods [J]. Appl. Opt., 1996, 35(30):
0.04 nm | &K/ —FM4| 331.023 8.95
PRI/ = RIS 6041-6053.
.04 B s Y .14 .51
0.04 nm| #xiHES & 358.147 0-5 [4] Niple E. Nonlinear least squares analysis of atmo-
- spheric absorption spectra [J]. Appl. Opt., 1980,
EE K-
19(20): 3481-3490.
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