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3 (CE318) 340 nm

Fig 3 Diurnal variation of aerosol extinction at 340 nm

measured by sunphotometer (CE318)
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Fig 4 Measurement results of Ring effect on two selected days

(29 November and 2 December 2013)

Fig S Comparison between measurement values and model values for different AOD
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RSP  AOD AOD . .
6 OD RSP
(a): AOD=0. 1, (bh=1. 5 km, bw=0. 8, SSA=0, 9, g=0. 68) ;
(b —(d) AOD(0. 3, 0. 6, 1)RSP  AOD=0. 1RSP

Fig 6 Modelled dependencies of diurnal variations of RSP on AOD
(a): diagram the simulation for AOD=0. 1 and standard situation (bh: 1. 5km, bw: 0. 8, SSA: 0. 9, g: 0. 68, albedo: 5%) for other parame-

ters is shown; (b)—(d): diagrams the differences between different AOD(0, 3, 0. 6, 1) and AOD=0. 1 are shown
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7 RSP
( 1. 5km 0. 8, 0.9, 0. 68, 0. 05) 5

Fig 7 Influence of various aerosol properties and the surface albedo
The results are expressed as differences compared to standard situation(bh: 1. 5km. bw: 0. 8, SSA: 0. 9, g: 0. 68, Albedo: 5%); Only one pa-

rameter is changed (as indicated in the figures)
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8 RSP
: AOD=0. 3, bh=1 5 km, bw=0. 8, SSA=0. 9, g=0. 68; 9~10 km, 0. 3(a) 0 6(b),

Fig 8 Influence of high cirrus clouds on RSP
The surface aerosol properties are AOD: 0. 3, bh=1. 5 km, bw=0. 8, SSA: 0. 9, g: 0. 68 The cirrus clouds have optical depths of 0. 3 (a) and

0. 6 (b) and are located between 9 and 10 km; The results are expressed as differences compared to standard situation with no cirrus

9 RSP
: AOD=0. 3, bh=1 5km, bw=0. 8, SSA=0. 9, g=0. 68. AOD 0.01C(a) 0. 02(b),
15~25 km,
Fig 9 Influence of two different stratospheric aerosols properties on RSP
The surface aerosol properties are AOD: 0. 3, bh=1 5 km, bw=0. 8, SSA: 0. 9, g: 0. 68. The stratospheric aerosol has optical depths of 0. 01

(a) and 0. 02 (b) between 15 and 25 km; The results are expressed as differences compared to standard situation with no stratospheric aerosol

Ring s Ring
4 o Ring
MAX-DOAS Ring .
. McArtim Ring : Wagner T.
. McArtim
References

[ 1] Brinkmann R T, et al. Astrophys. J., 1968, 154 1087.

[ 2] Solomon S, Schmeltekopf A L. Sanders R W. Journal of Geophysical Research, 1987, 92. 8311.
[ 3] Sioris C, Evans W F J. Appl. Opt., 1999, 38. 2706.

[ 4] Vountas M, Rozanov V V, Burrows ] P. Journal of Quantitative Spect. , 1998, 60(6);: 943.

[ 5] Honninger G, von Friedeburg C, Platt U. Atmos. Chem. Phys. , 2004, 4; 231.



9 2731

[ 6] Platt U, Phys. Chem. Chem. Phys., 1999, 1. 5409.

[ 7] Solomon S, Schmeltekopf A L, et al. J. Geophys. Res., 1987, 92 8311.

[ 8] Park H, Heath D F, et al. Meteorological Optics, 1986, 3. 70.

[ 9] Joiner J, Bhartia P. K. Appl. Optics, 1995, 34. 4513.

[10] de Beek R, Vountas M, et al. Geophys. Res. Lett., 2001, 28. 721.

[11] Deutschmann T. Atmospheric Radiative Transfer Modelling Using Monte Carlo Methods, Diploma Thesis, University of Heidelberg.,
2008.

[12] Wagner T, Burrows J P, et al. Atmos. Chem. Phys., 2007, 7. 1809.

[13] Wagner T, Deutschmann T, Platt U. Atmos. Meas. Tech., 2009, 2 495.

[14] HAN Dong, CHEN Liang-fu, TAO Jin-hua, et al( s s s ). Sci. China Earth Sci. ( : ), 2011,
41(10): 1407.
[15] PEI Xian., LI Ang. XIE Pin-hua, et al( s s , ). Journal of Atmospheric and Environmental Optics(

), 2013, 8(5): 1.
[16] de Beek R, Vountas M, Rozanov V, et al. Geophys. Res. Lett., 2001, 28. 721.
[17] Wagner T, Dix B, v Friedeburg C, et al. J. Geophys. Res., 2004, 109. 22205.
[18] Wang Yang. Li Ang, Xie Pinhua, et al. Chin. Phys. B, 2012, 21 114211.
[19] WANG Yang, LI Ang, XIE Pin-hua, et al( s . , ). Acta Phys. Sin. ( ), 2013, 62(18) . 180705.

Sensitivity Study of Aerosol Properties from Observation of Atmospheric
Ring Effect
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Abstract Ring effect is defined as the phenomenon that the depth of solar Fraunhofer lines in scattered light is less than those
observed in direct sunlight. The aerosol could change the light path and the scattering properties in the atmospheric, and influ-
ence Raman Scattering Possibility of the photons, and finally affect the filling-up effect. Aerosol parameters (aerosol optical
depth, boundary layer height, single scattering albedo, asymmetric factor) could be obtained by observation of the Ring effect in
different aerosol condition. The Ring effect is measured by ground-based MAX-DOAS instrument under clear days and the meas-
urement results is compared with McAritim results. The comparison has a good agreement. Radiation transfer model McArtim is
used to study the sensitivity of the Ring effect to the aerosol parameters. The study shows that in most conditions, aerosol opti-
cal depth (AOD) and boundary layer (bh) height has a great influence to RSP, and in 90 degree elevation angle, RSP has a de-
crease of 24. 6% when AOD varies from 0. 1 to 1, and a decrease of 4. 4% when bh varies from 1km to 3 km. The study shows

RSP is more sensitive to AOD and boundary layer height, which may provide a new method for aerosol profile.

Keywords Multi-axis differential optical absorption spectroscopy; Ring effect; Rotational Raman scattering possibility; Aerosol

parameter
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