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Fig. 1. Double beam differential system.
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Fig. 2. (a) Reference signal and the absorbed signal;

(b) absorption spectrum.
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Fig. 3. The CO2 absorption spectra of 300 K under

different pressure.
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Fig. 4. Optical depth in the temperature of 230, 265,
285, 305, 320 K.
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Fig. 5.
from 230 K to 320 K; (b) absorption cross section of
absorption peak range from 230 K to 320 K.

(a) Optical depth of absorption peak range
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Wi oL RS, ARSI AN P 1.572018 pm.
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Fig. 6. (a) The relationship between pressure and ab-
sorption cross section of peak at 240 K, 265 K and 300 K;
(b) the relationship between pressure and the absorption
cross section of peak at 240 K, 265 K and 300 K after
taking the logarithm.
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ELAR IR A B, WA RO AR SR
UL ISR, T L B AR T SEA T,
IRAE— SR,

P > —1.0825

o(P) = o(T) (PO

Horh, Py AMRHER AL, o(P) & 5k P I
WA, o(T) RN T K581 atm B IR UK
U
H1 (12) 20 (13) 2URT AHE 3 R E N T R i
NPT RSO IR A R A T A o A 5K
(—4.41923 x 107SLT + 0.2646 L) RT
1.01325L
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. IR SRS

(14)

5.3 igikiEEE
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F1 IR I 58 RO 58 R

Table 1.

broadening coefficient at different temperature.

Self-broadening coefficient and air-

/K Yierp/cm™Latm 1! Yair/cm™tatm ™1
230 0.11772 0.08921
240 0.11418 0.08518
250 0.11078 0.08314
260 0.10871 0.08002
270 0.10720 0.07865
280 0.10402 0.07696
290 0.10102 0.07455
300 0.09912 0.07182
310 0.09685 0.07045
320 0.09495 0.06894

AR (11) AT A0, IR AN B R BN B A
FERMERR, BT () NBOTHZ 5 B RS
BREMIR R, M TR ECN 0.644, HITRAN %45
25 12 %A 8 0.65, FH 2 0.92%; B 7 (b) AHL

W Ja a5 R B S IEE R R, IBEAH KR
$N0.764, HITRAN 4 25 H 12 %5 M 0.75,
FHZE 1.86%.
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7 WNHZE (a) BEERBESRENLR, (b) TR
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Fig. 7.

broadening coefficient and the temperature after tak-

(a) The relationship between the self-

ing the logarithm; (b) the relationship between air-
broadening coefficient and temperature after taking

the logarithm.
6 % W
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BEXS 22 0 CIHOL T 38 AT M BRI . 7y 2
R, KEHIIE T COo 7E 1.572 pm B I iR i i £k,
FFAE BRI R T A O RIS B e R R
R TR Ol B T R AR R R e AR
CO FRMPOL T IEZ , N R I BEE T 457
ARILA HREMEERZE, £t KEME
FERAFAE — DT AR AL, JF B2 b & HAl <
o1, S T IRE R 0 e Ag, IX e 2 7 8
WOl B 1 SR B B ) COL M HE 22 5 S0 % 2%
PR I RO L B — B S, B DASEIR =
AT TR RS RARE W BT
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AIRGHOCE R SEREN AR AR A
BUFRIZE R R, AT CO2 70 7GR A S HR
TURT ST S AL SO M . (ER A BT AR B2 A
230320 K il 2 76 il Y IE FE BRI 1, T 50 AR
FEVE I, HoZ fad M & BN 22 K, A Rt —
AIBTA. A IR NGB )2 KSR AT AT,
AL COo 73 T TE MR SO, RESE A TR AL AN ]
P B T BT T 5 T AR IS 2 AR Ak, AR Rl AT
FOH A BIHLEE, N7 Al AR 7 7 AR SRR Y.
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Abstract

Differential absorption lidar (DIAL) is widely accepted as a most promising remote sensing technique for measuring
the atmospheric CO2, and has been built in many countries to study the global climate change and carbon cycle.
However, the imperfect information about CO2 spectrum leads to evident errors in estimating some parameters (such
as the absorption cross sections, the broadening coefficients, the optical depth, etc.) which are the critical parameters in
retrieving processes of a DIAL, and will eventually result in unacceptable errors of Xco, retrievals. Coping with that
problem, a self-built constant temperature differential absorption spectroscopy system has been set up which can be used
to accurately measure the absorption spectrum of carbon dioxide in the band of 1.57 pm.

On that basis, the absorption spectra of the pure carbon dioxide are measured respectively at the temperatures
from 230 K to 320 K and the pressures from 20 kPa to 100 kPa by the highprecision oscilloscope and wavelength
meter. A series of optical depths at absorption peak is respectively calculated at different temperatures and the results
show that the optical depth linearly and monotonically changes while the temperature increases from 230 K to 320 K.
At the same time, the relations between the corresponding absorption cross sections and temperature are analyzed,
showing that the absorption cross sections first increases and then decreases with temperature increasing. The self-
broadening coefficients are inferred from the spectral data at the same temperature and different pressures, and the
temperature-dependent exponent is calculated. Furthermore, the air-broadening coefficients are calculated by carbon
dioxide absorption spectrum data from different mixing ratios and its temperature-dependent exponent is obtained.
The temperature-dependent exponent of self-broadening coefficient is 0.644 and the temperature-dependent exponent of
air-broadening coefficient is 0.764, which are almost the same as the data in the high-resolution transmission molecular
absorption database (HITRAN). The numerical calculation formulae of optical depth and absorption cross section are
verified through these results.

Those parameters supplement the widely-used HITRAN database. Moreover, quantitative analysis is conducted
to explore the influences of temperature and pressure on COs2 spectrum, thereby establishing a function for modeling
the differential absorption optical depth and the absorption cross-section. The above results have already been used
in China’s CO2-DIAL and lay a foundation of accurate retrieval. It is believed that other similar CO2-DIAL of which

operating wavelength is around 1.572 um would also benefit from those newly measured parameters.

Keywords: atmospheric optics, lidar, absorption spectrum of COs, the differential system of double
optical path
PACS: 42.68.Ca, 42.25.Bs, 78.30.—j DOI: 10.7498/aps.66.104206
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