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Measurement of atmospheric carbon dioxide by applying differential
absorption spectroscopy in the near infrared region
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Abstract:

Carbon dioxide has a large impact on the Earth’s radiation budget because of its absorption in the
infrared spectrum as well as its long lifetime in the atmosphere. Monitoring carbon dioxide
concentrations is important for the precise estimation of future climate change. Although precise
measurement of CO, concentrations can be carried out by means of ground-based or airborne sampling
instruments, it is desirable to develop systems that are capable of monitoring the values in the lower
troposphere. In this study, we report the long-path measurement of CO; based on the scheme of
differential optical absorption spectroscopy (DOAS) technique by employing a super- luminescent
diode as a light source. The laboratory experiment with a 2.2 m absorption cell has indicated that the
absorption structure observed in the wavelength range of 1568-1583 nm is well reproduced with the

spectrum simulated from the HITRAN data.

1. [XLCHIC

ZERfbRFE (CO2) 1THRIMART FVBEBICIROI 2R L, AFITEENCAE S PR & D
Z X ER[PTOEMDOEIND, HEROBGHINEICKRE 2B L2 KT L TWD, BUE,
TR BIRE OFHNEITHEZ < TN TEY | M B E AR LY 7Y v
ZEHAN (1], 225U T A Z—I2 K 2 IRICRKGEHA [2]. % LT GOSAT 21 X 55HAl
[8] 72 &M TN TS, St ATIRICI T D HEH &/ 31T 2 B e & 4 FEHIT
ST 5 7o OITITAIR COWRIGHFIEDHSLANE Th D L EX biv, RAEEFMHL
7R (4] 1. TR TFEE 520 L LTHIRF S LD,

DOAS #:(Differential Optical Absorption Spectroscopy: 755N /> FEEENITE I KA
HIZBIT 2 RUEDOERE ZFHIT 5 FIETH D . - I HEREIR T3R5 O & Fi5 YL
WEIZHB W TIAHPH CEVVREEOFHIZ EBLL T\ 5, R BITERI D 5 BRI
FEIR TV DD DIRVRIHF 2 F5-D72 80 AR 3EIE TRy ) & R0 6 &k OV & A
TOT 4772 —% AT HZLICLY, ZbRFBIREDOFHHA~CHARETH D,

AHFFETIE DOAS OB RIYEIRIZ RS+ SLD (Super Luminescent Diode, Table. 1) %
BHL. ZEBRFED 1.6 pm N2 RORINAEIED B KGR T O EE OFH O



EH A BT, SLD IZBIBIEOH/NEEIRTH Y . BV OR S 12z T2 A F
PEZF O THFRBZL N,

2. Ak

DOAS A TII KA il L =B IIEDO A7 Funh . GHA SRR ORI A~
N VR Sy GESY W IR T iR ) 2 43 B9~ 2 BT & o TELHDERE B2 381 5 KR T2 1 i oo 3 MY
AT D “FLIRFEIX D TWIEEIT— RIC L 2 2B ORI E R, AFETIEZD S HO
1568 ~ 1583 nm DO A% iE[Fig. DAEFIH L CIRE A28 4%, 1568 ~ 1583 nm DIRE)E
— FiZ(v,,v,'v,) = (2,2° 1) CERD S, MRBHEIRBIO 2 (55, MEEZARBIO 2 (55, K
KM IRED O FEAT ORAE DT TH D, i, — A7/ JEaR L AR SN R & FF
Wiz, HAOSNEERRE L TAY MO A2{T-7-, (Table. 2, Fig. 2)

Table. 1 SLD specifications.

Model DL-CS5403A
----- SLD output power
€O, line intensity Operation 650 mA (Typ)
1 — CO, 1 nm FWHM
= current
:“Z— o Operation -40 ~ 65°C (Case)
£ temperature 0~ 70°C (SLED)
Power in SMF | 40 mW (Typ)
0 il Central WL 1550 nm (Typ)
1560 1565 1570 1575 1580 1585 1590
Wavelength Bandwidth 30 nm FWHM (Typ)
Fig. 1 CO2 absorption line intensity and SLD Cooling Peltier device and
output power. natural air cooling

Table. 2 Specifications of NIR spectrometer.

Sensor Hamamatsu G10768-1024D

1024 pixels InGaAs liner array
Grating 500 / mm, 1500 nm blazed
Slit width Single mode fiber aperture (10 pm)
Spectral resolution 0.7 nm FWHM
Sampling resolution 0.15 nm / pixel

Measurement range 1540 ~ 1600 nm
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Fig. 2 Configuration of NIR spectrometer. Fig. 3 The schematic of NIR-DOAS.
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Fig. 4 Spectral matching between the observed and simulated CO; absorption: (a) Comparison
is made within a wavelength range of 1568-1583 nm. Simulation spectrum includes the
instrumental effect in the form of the extinction slightly dependent on the wavelength; (b)
correlation between the observed and fitted spectra.
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