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Abstract

As an important parameter of atmospheric optical properties, atmospheric scattered
radiance has important scientific research significance and engineering application value in the
fields of atmospheric composition detection, space target recognition and aviation safety. At
present, the results of atmospheric scattered radiance can be simulated accurately and quickly
by using the radiative transfer model. However, there are differences in the simulation results of
atmospheric scattered radiance by different geometric approximation models. Especially, in the
accurate measurement of daytime slant visibility, the atmospheric scattered radiance will
directly affect the measurement results of slant visibility. In this paper, the atmospheric
scattered radiance is taken as the research object, and the SBDART radiative transfer model of
the parallel plane atmospheric model and the libRadtran radiative transfer model of the pseudo-
spherical atmospheric model are used as the means to carry out for the comparisons of the
atmospheric scattered radiance and mutual correction from different radiative transfer models.
The corrected atmospheric scattered radiance results are further applied to the measurements of
the slant visibility. The specific work is as follows:

Firstly, based on the radiative transfer equation and its solution theory, the simulation of
atmospheric scattered radiance by SBDART model and libRadtran model is carried out. The
built-in parameters and input options of solar spectrum, standard atmosphere model and aerosol
model are unified. Through the setting of aerosol optical parameters and cloud parameters, the
atmospheric scattered radiance under sunny and cloudy weather conditions was simulated by
two models. The distribution of atmospheric scattered radiance at different layers, the
atmospheric scattered radiance at different directions, and the output results of the solar direct
and diffuse irradiance reaching the ground were compared respectively. The comparison and

analysis results show that, the simulated atmospheric scattered radiance by SBDART model is
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higher than that by libRadtran model in the direction of large observation zenith angles, which
reflects the necessity of the correction of SBDART model in the direction of large observation
zenith angles.

Furthermore, the correction method of atmospheric scattered radiance is carried out. Based
on the difference between the parallel plane and the pseudo-spherical radiative transfer equation,
a pseudo-spherical atmospheric correction method based on libRadtran is proposed. The
Chapman correction function is introduced, and the atmospheric correction coefficient C and
atmospheric correction process are simulated by combining the atmospheric aerosol extinction
coefficient and atmospheric transmittance. On this basis, under different weather conditions, the
Chapman function is used to correct the atmospheric scattered radiance simulated by the
SBDART model in the direction of larger observation zenith angle. The simulation results show
that, in the direction of large zenith angle, the corrected radiance of the SBDART model is
consistent with that of the libRadtran model. After correction, the deviation is reduced from 24.5
W/m?/um/sr to about 13.7 W/m?/um/sr under clear conditions, and reduced from 21 W/m?/um/sr
to about 9.5 W/m?/um/sr at cloud height, which verifies the correctness and effectiveness of the
pseudo-spherical correction method.

Finally, based on the simulation of the correction method and the established slant visibility
lidar system in Xi 'an University of Technology Laser Radar Remote Sensing Center, the
atmospheric scattered radiance under actual atmospheric conditions is corrected and applied to
the measurement of slant visibility. The results show that, under clear condition, the slant
visibility 1s 9.88 km and 11.49 km before and after the correction of atmospheric scattered
radiance; under cloudy weather condition, the slant visibility by scattered radiance correction is
extended from 4.17 km to 5.03 km. Thus, the measurement distance of slant visibility can be
improved by the pseudo-spherical correction method, and the error caused by the parallel plane

atmospheric radiative transfer model can be reduced to a certain extent.

Key words: Scattered Radiance; Lidar; SBDART; libRadtran; Slant Visibility

*This work is supported by the the National Natural Science Foundation of China Civil Aviation
Joint Fund Key Project (Grant No. U1733202).
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Fig. 2-2 Geometry for plane-parallel atmospheres where 6 and ¢ denote
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UG H R 2T PR A bn A OV ER T AR AR R, JRIA-V AR 1

2
1yl s 0
or r ou
0
Ccos - —_—
1_/12 l_/JOZ (¢ ¢O)aﬂ0
r My . 2 0
+—L2 sin(¢—¢, )J1— > ———
1- 1y (9=4) o(¢—¢,)
T H BA VAR KA AEBRAFREE R B, B LLQ2-18)m A Tk A
2
or r ou

(2-18)

(2-19)

T NAFAE BRI TRRIE LT R R AR R T RE(2-14) . AERRRTEE, —ACFATHIR

PRARSS, HIREEN1°, £ Am FRIA:
I(Ztoa',u) = |O§(lu—,u0)

Forbr (=) RKPLIEHE/REE delta BREL. X TIOA %M, BIFEM delta R,

(2-20)di N T7FE(2-14), FT LA HH A P 58 S it 5 3 2

10

(2-20)

KT RE



ka4t i 7 A2 B R A A AR X

_ di (Z,,u0,¢0)__ di (Z’ﬂ01¢o): )
H ﬂeXtdZ =—H ﬂeXtdZ' I (2, 149, 0) (2-21)

Ferb py A1y 5352 R PHR T RS2 AT AL . Ferbola 2 B BEE SO de=p"dz. W AT 453
—YEPAT T R R IR S A A T R

I
_ﬂw: I(Tuu!¢)
T
OO [ 4y [ dup o s 4 e ' )
T (2-22)
— (- (7))B[T ()]
a)(T)IO . —7l
- 4 p(Z,,Ll, ¢,,uo,¢0)e °.
T
A
) —— KBRS AL
bo KBTI AL A
[z LMIP SIS IER
o) W7 2 A1 5
R
B —— % BA v R 4

p ——HUN AR
@ —— %X A R LTI T 25 S
1"—— FTE I AR 52

2.3 RHTRHIR

HHT, 2025 15 A& Rt s A R B R A SN 5 5 R RS A« AN 1)
W LR Y SRR ZE R, AR A HR A LOWTRAN,
MODTRAN. 6S. SBDART #il libRadtran 3.

T 92 br K EER N E B = 2046, FF HESRTH R . et
FUE A IE R A S RGN E R REARER . ACH, 3 ERBEIFREHSITRER
DNTRTERL 2 R R RN )t A B ) S AT TR SBDART 8 A% S A =X FH vy vl
MR SRR R DY ERIE KSR libRadtran 8 545 4 =0t KA B 48 5 o
FEBATREAL . X LCAN BT o BRI, 277 A o A S0 3 A P S A A A A5 38/ 4
2.3.1 SBDART 525 &HiHER

SBDART 4 5 A& 4 2 H 55 N K 25 35 00 1 7 20 A2 (4] XU 5 P S5 7 7 0o A1
DISORT &5 A WIEAE T B, &2 F T HuBRk KA 2 At 3 6] 51 47 7 1 48 5% gt =R 141,
SBDART j24: T FORTRAN ifi ST KA, BEAHIEH 72210 H DISORT.f 44

11



538 TR F S A4t L

f, 454 Kirchhoff & AN FEVR B2 & fm AL S b OB L), BRI 504, ml
T AN B G 2R e, BT SRR S AR T 5. SBDART A xQRERE 15 7E
AN B TR) RO o (K S S A A, Forh AR R B4R ST . MR AR S A KR I 45 . 18t
AT CMREE AT WL IR ZLAMFIER A BN SRR I SRR IR = SLEFIZKIRSE RS
FHFTH L5 i BR3E JBAH 5% PR S A i R e 98 55 1) R

7E SBDART B H, 25 & S HbER AR A0 TS 5, 20 T KM iiZ, 7t
[ = P 2] 25 km BRAE BN LA 1 km NIEIRGE, FE5T 25 km #] 50 km RS RIN L 5
km A[ERE, 7E 70 km BIXSZ (100 km) )51 8 EE N— 2. 2k, K 0km F 100 km
[ 2R SERI N 33 ANAKERI SRR I AT F TR SUZE, ik 7 SRR S &40 77 2 1
9%, K 2-3 7R T SBDART B K0 2B

Solar
Top N v
100 km
2 Layer 33
70 km
50 km o Layer 32
30 Layer 31
45 km
30 km
@ Layer 26
25 km
3 km
2 Layer 3
2 km
Tl Layer 2
1 km
0 Layer 1
0 km ° Y

B 2-3 SBDART # X K 4.9 &
Fig. 2-3 Atmospheric Stratification in the SBDART Model
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Fig. 3-1 Variation of solar irradiance with wavelength
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Fig. 3-12 Optical depth increment and optical depth distribution with height under cloudy condition

(a) Optical depth increment (b) Optical depth
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Fig. 4-8 Extinction coefficient, calibration coefficient and corrected radiance at 30 ° observation zenith angle
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Fig. 4-9 Aerosol extinction coefficient, calibration coefficient and corrected radiance at 80 ° observation
zenith angle under cloudy condition

(a) Aerosol extinction coefficient (b) Calibration coefficient (c) Corrected radiance
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Fig. 4-10 Aerosol extinction coefficient, calibration coefficient and corrected radiance at 80 ° observation
zenith angle under cloudy condition
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Fig. 4-11 Aerosol extinction coefficient, calibration coefficient and corrected radiance at 30 © observation
zenith angle under cloudy condition

(a) Aerosol extinction coefficient (b) Calibration coefficient (c) Corrected radiance
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Fig. 5-1 Diagram of the lidar system

(a) lidar detection component (b) lidar control component
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Fig. 5-2 The profiles of aerosol parameters by lidar taken on March 23, 2023
(a) Optical depth increment (b) Optical depth (c) Single scattering albedo (d) Asymmetry factor
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100 327E-14 0.9075 | 0.6714 | 0.671 [0.45024)0.30211(0.20272|0.13602|0.09127 9.5281E-19 | 6.39269E-19|4.2881E-19
8 0.02159 0.91377|0.71565 [ 0.51266 | 0.36706 | 0.26282 | 0.18818 | 0.13473 [ 0.09647 8.1462E-16 | 5.83267E-16|4.1762E-16
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5 0.027292 0.92027|0.72508 | 0.52563 [ 0.38108 [ 0.27628 | 0.2003 | 0.145220.10528 2.9864E-15 | 2.16516E-15| 1.5697E-15
4 0.033185 0.93011| 0.7287 | 0.53144 (0.38742(0.28243 [ 0.20589 | 0.15009 | 0.10942 5.2925E-15 [ 3.85825E-15|2.8127E-15
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0 0.135974 0.95469 | 0.72567 | 0.52708 | 0.38266 [ 0.27781 | 0.20169 | 0.14643 | 0.10631 3.4467E-15 | 2.50233E-15| 1.8167E-15
A 5-3 FIRe R A RBIRAH I R (FH)

Fig. 5-3 List of aerosol parameters (part)
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Fig. 5-4 Aerosol extinction coefficient profile, calibration coefficient and corrected radiance
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Fig. 5-6 The profile of aerosol parameters by lidar taken on November 19, 2020
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100 3.27E-14 0.9075 | 0.6714 | 0.671 |0.45024|0.30211|0.20272|0.13602|0.09127| ... 9.5281E-19 | 6.39269E-19| 4.2881E-19
8 0.054483132 | 0.9879 | 0.8617 | 0.862 [0.74304( 0.6405 [0.55211|0.47592|0.41025| .. |1.96226E-07|1.69146E-07| 1.458E-07
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5 0.028856185 | 0.964 | 0.7249 | 0.725 [0.52563 (0.38108 [0.27628 | 0.2003 |0.14522| ... |2.98643E-15|2.16516E-15| 1.5697E-15
4 0.046132748 | 0.9754 | 0.8612 | 0.861 |[0.74132(0.63828 [0.54956(0.47317( 0.4074 .. | 1.73911E-07|1.49738E-07| 1.2892E-07
3 0.043213962 | 0.9471 | 0.7279 | 0.728 [0.52998 (0.38583 [0.28088 | 0.20448 | 0.14886| ... |4.58842E-15|3.34037E-15|2.4318E-15
2 0.050251564 | 0.9516 | 0.7183 | 0.718 [0.51552(0.37015(0.26576|0.19082(0.13701| ... |1.08879E-15|7.81748E-16| 5.6129E-16
1 0.089053095 | 0.9549 | 0.7296 0.73 0.5329 |0.38902 | 0.28398|0.20731|0.15133| ... |[6.10348E-15|4.45554E-15| 3.2525E-15
0 0.125389432 | 0.9539 | 0.7253 | 0.725 [0.52563 (0.38108 [0.27628 | 0.2003 |0.14522| ... |2.98643E-15|2.16516E-15| 1.5697E-15
B 5-7 =& 4T UBRSHIVKGED)

Fig. 5-7 List of aerosol parameters under cloudy condition (part)
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