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Fig. 1. (a)—(j) Comparison of RH-G* phase function, H-G* phase function and H-G phase function.
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Table 1. Particle-size distributions.

KPR o b Y Tmin/HM Tmax/pm
Haze C — — 0.02 20.0
Haze M 1.00 8.944 0.50  0.0001 20.0
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Table 2. Particle optical properties.

A/pm - Re tm Haze C Hazeg M Cloud C.1
(2300 cm™3, 7 =5 um) (100 em ™3, r¢ = 0.05 pm) (100 cm ™3, rc = 5.0 pm)
045  1.34 0 0.761 0.790 0.853
0.70  1.33 0 0.752 0.900 0.848
1.61  1.315 0 0.753 0.803 0.817
3.07 1.525 0.0682 0.669 0.652 0.895
3.90 1.353  0.0059 0.730 0.690 0.779
530 1.315 0.0143 0.758 0.627 0.852
6.05 1.315 0.137 0.748 0.566 0.904
10.0  1.212  0.0601 0.803 0.401 0.866
16.6  1.44  0.400 0.609 0.215 0.866
100 1.957  0.532 0.232 0.014 0.077
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Fig. 2. (a)—(j) Comparison of Mie phase function for the Cloud C.1 model, H-G* phase function and RH-G* phase function.
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Fig. 3. (a)—(j) Comparison of Mie phase function for the Haze C model, H-G* phase function and RH-G* phase function.
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Fig. 4. (a)—(j) Comparison of Mie phase function for the Haze M model, H-G* phase function and RH-G* phase function.
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DAAS T FR R RV A A 5% i 22 T X4 D H-GAH
BRI R BRI B R 1), A RR R K
B IERIED ) BT LA RH-G* M RS H-G* AR 2
[AAFTE 2 5.
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) O PR A B, 3R 3 TR T H-G* AH R £ RH-G*
IR ES 253 B &R Mie HUS AH B8 50CE f FE KT 90°
I 350 5 AR ZE A0, X LL s, B TR ol 50, 387 AR
BERTRA | D [pa(0) — pi(0)]/19, pa(0)

6=90,180

HIUH #1 0 SEAS TR BR U M Gt SRR, pa(0) 720
2 HUE £ 6 T Mie B AH s B0 TH AR Kb o) 28
7 =M R, RH-G* AR R $CS Mie HIUR
HH R H 277 IRZE A /N T H-G* A R H 5 Mie HUN
H BRI 224, o5 0 73.3%, U B KER 20 1%
DU, RH-G* AR B B07E KA BE i TR U B 5 Mie
SR BB AT A AR L. R, RH-G* M R 32
e KA B T B 2 A LA L 0 .

#3  ZOWMRIIERKT H-G* MR EM RH-G* AR 55 Mie HURH R B0 77 SR 2 LU

Table 3. Comparisons of the root-mean-square error between the RH-G* phase function, the H-G* phase

function and the Mie-sacttering phase function.

Haze C Haze M Cloud C.1

Aum H-G* RH-G* H-G* RH-G* H-G* RH-G*
0.45 0.1822 0.0838 0.8544 0.4668 2.5935 1.6093
0.70 0.2703 0.0512 0.6897 0.5178 2.3771 1.3618
1.61 0.2983 0.0400 0.1507 0.1250 3.5940 2.3906
3.07 0.2498 0.1274 0.0591 0.1250 1.3766 0.6608
3.90 0.2598 0.0392 0.1283 0.1527 0.1739 0.3173
5.30 0.2071 0.0747 0.2129 0.2971 0.4917 0.4987
6.05 0.1441 0.1316 0.2660 0.2992 0.0124 0.6691
10.0 0.1217 0.1585 1.6000 1.0820 0.1832 1.0857
16.6 0.4171 0.0984 0.3310 0.0369 0.5955 1.1587
100 0.2207 0.1495 0.0403 0.0769 1.4654 0.7104

56 6717 (in Chinese) [Wf B 7J, TK28, BT, &7, X®,

5 2?5 ﬁ,} Ik, dr=om, VL& E, Mk, AR 2007 YR 56

ARSCHR Y T PG IR S KR AR B 8 (RH-G*
HH BR A B Al AT R OE K, S BB e TS R RO
e, U, ROV BRI BT,
RH-G* #H B 5 2 77 HIU A Mie HIUH AH e £ 00 &
BRI T H-G* MR E, JCHAR Ja A KA 7 1)
RH-G* A b B UL 17 O VAR L BOR RRE 1 19
IR AE AT B 2 B8R, 0 v B A 40 B S A o A
FUA HER S (EHT AR BRSO REAR B 3t SR i L
S S REA LA )38 pR A, BT AN REAR S 3t T 5245
RPT7E.
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Abstract

In electromagnetic radiative transfer calculation, the accuracy and the computation time are usually determined by
the representation of single-scattering phase function. Accurate calculation is time consuming even for spherical particle,
thus, an analytic representation is commonly adopted to approximate the exact phase function and then accelerate
the calculation. Most widely used single-scattering phase functions are the Henyey-Greenstein phase function and
modified Henyey-Greenstein phase function (Henyey-Greenstein*). Although the Henyey-Greenstein phase function and
the Henyey-Greenstein* phase function can represent the forward-scattering peak of Mie-scattering phase function well,
they fail to reproduce the backscattering behavior, limiting the accuracy of the calculation. In order to better fit exact
calculations and simulate the backward-scattering peak, we develop a new analytic expression based on the fundamental
theory of electromagnetic scattering and radiation transmission. This phase function is an algebraic expression with one
single free parameter (asymmetry factor), and can be expanded into Legendre polynomials. The new phase function
converges to the Rayleigh phase function when the asymmetry factor approximates to 0, and it can approach to the
Henyey-Greenstein phase function as the asymmetry factor is about 1. We compare the Henyey-Greenstein phase
function, the Henyey-Greenstein® phase function, and the new phase function for different asymmetry factors, and
find that the new phase function provides a more realistic description for the unpolarized light scattering from small
particles. Furthermore, the calculated value for the ratio of the scattering intensity at 90 degree to that in the backward
direction is more reasonable. We also investigate the effectiveness by approximating the scattering from polydispersed
particles through comparing the new phase function, the Henyey-Greenstein* phase function, and the Mie-scattering
phase function for three types of Derimendjian’s polydispersions. Results show that the new phase function fits the
Mie-scattering phase function much better than the Henyey-Greenstein* phase function. For the new phase function,
the root-mean-square error is small for 73.3% data. By contrast, only 26.7% data fit the Mie-scattering phase function
well for the Henyey-Greenstein® phase function. Similarly, the effectiveness of new function is most significant when
calculating the ratio of the scattering intensity at 90 degree to that in the backward direction. In summary, the new
Henyey-Greenstein* phase function provides a more accurate calculation for the scattering intensity in the backward
direction, and is conducive to electromagnetic radiative transfer calculation. Furthermore, because the proposed phase
function has the same basic form as the Heny-Greenstein phase function, reformatting radiative transfer model in terms

of the new phase function should require relatively little effort.

Keywords: scattering, phase function, Henyey-Greenstein phase function, new Henyey-Greenstein phase

function
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