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VI G-I/ & 7R U R N 1 €7k Sy IMERESE s /b R SR e 2 /B NS S U i
FERRRAE SR G A R A . RN, SR sk B R A
T 2 2 PR R AU RE L IR 2 75 G X AR I B A B ) ol L 42 JBl I 591 o
NSRRI AR I U 5 PR B RO, TR TP A, S 7 T SR AR TR A AR &
REE, TAEARS FEAEAR KRR L E T X b A2 SR T B IO RS P PR HE R A
o1,

VO AR SV IR B R R R TR TR KA 70 A S5 IO A7) B A 1
SR g, KRR L [R5 1 A A AR R U Vb A SR I R e &
&=, IV ARSIERAERED. R, BAABRE™ B TR RS YRR A v
BRAEE TSR], 2 BO0EANE D R R KRR BRI 10 wml131); B
AN KBRS bR (optical properties of aerosols and clouds,
OPAC) 7 Hdli e, FORBLS B S KRR Ay 30 u m!'6l, SRTT, SEFRM
MR, VA A7 A KRR RIORL,  ¥870 MORE AR kLA 228 200 w ml17-191, 44
an, AEJLAEM X 2 s ge v R I Bk AR AT 10 2 50 nm. H 5 HE R bR
WORIEOT, PR, X B ORI AR RIORL R 6 7 ST R AN 2. Ryder C L 55 A6 58
e, B b 24 o B RRIORE 2 3 BRI 5 AT 6 7 AR A AL =i 18%
26%; KokJ F 25 NI — D70 KB, 25 R T WL R b AN hiAe oA, 4
BRA B il B VD AN SRS 9B I8 v AR, 55 T AT VA OO I 5 45 = e -l

(aerosol comparisons between observations and models, AeroCom) #2214k 1
AeroCom THEIIIAZ Lo B Bk A2 38 22 G0 14 LU 0 IEOUL £ 40 5 A B A4 46 2R
FETER KA I SIS s T4 FI AR HYBI ak 22 5 1) R (R PE T
AeroCom B o DLYA RN g 3 (1) /INFIURE AR i R AR, BASE I 250N 2 32 1 DR R
TBARAL o BBAh, b ™ R PD AR AE N 2 kA A% ANUK R B EOR A SRR R 22
B, 7R E ) R R RN 6 T IR A A = A IR O T Ik

(cloud-aerosol lidar with orthogonal polarization, CALIOP) , /A% oA i vp [i]
SEMCRH T — EANEE T 20 SE RTINS RV ANRIAR T A, IZBRBRAl T OKE
TUV R HIREE, BE S B0 T ER FBO6 R &8s S = k45 #% (cloud condensation
nuclei, CNN) FIUKIZHiF (ice-nucleating particles, INPs) ik i) H B) ™ &
HRGEVEARAG 24, (R, FERR ST 5 8 E S s A 5 N AR PO RE A A KRR 4
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v AMOREIEVD 4 BRI () SE R, 072 5 i = T B S JUB s JEE 1 4

R R R, YDA URE A AR BB B G 2 R 1 5 e S R B DAl B A

SN RV SEERVD AR 2 2 AN 021, (H 2 BB AL AR L A W ERFE DA

ol

(EH5. SRT, BRI BB R (B (6 2 22 57, 2% B UM Vb /D
SRS A 45 R - Otto S 45 NPOIRI R I, K FH ER (A& AR A RAE VD A UKL
it 1115 AE 2 L X K ST Ctop of atmosphere, TOA) 0 24 BL R4 S i 43 i) H 3L
5% 55% w2, Flith 57 KSR (bottom of atmosphere, BOA) W %354
15%. Ito A 558 NI T MR BA, WA 3R AP 80 B AR B S e 30 DR TR A AR

S SHRULHIIERILS . Huang Y S5 APTEE SR, ARSI RRLT
LI R — A Y =R ER A, TH AR U R, JRHR L, AT 2L
SIBEBREALR BRI B, A =R A e = 28, e S K B
RGMEARME VD AR BEUR IR R RCR A RS HL. MAh, 5T
R I, AR 2 B R B e BRI 10D SR I e i, BT =5
TRERARAS BG5S U AE R . 2Rk B 0R L W & B o v o S A
FE SRR FH 3 5 2% IR AN FILU 7S T A SR IR VD 20 e 2R 280, (R IR o 7 FH
FRIRONAG . BRI S, RECAHBI AR T G FC B A AR A
RO, H R T H S RAS S, H T M RTE T V2 R 5 47 5 S0 30 Bl Py S At
IVAER

b f A G IS PR R R v 5 i AR A REL S A b A2 SO IR DA S v R R T AR
JE IR 1) . 8 SCHE T Huang Y %5 A P70 S 1) 2L 00 00 24 TR F) = S A o A8
R, R4 ISV A IR TR R il SR BURYE M O, RGN
TV AR AR 5 LA Y B AT S Hh R Am A S PR P 5 m . LA T4
FEASH I : B, W L = AR AR | BRI AL K e S R A A,
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BT A FTRAER 51 R AR R MR 22 LR, IRFOIFVRAL T B HRES
VO ARSI R KA A S IR SR T 45 SR TE S o F 7 8 IRV A R R
SR TSR 2SR AL T BRI, R Tl 088 S S I8 BV P G i A ek Ty
I
2 EAEA

AW FE K BENG & SE R Vb AL T IEAS, Bl 1A el AR A I A A 1) R
DA ASIAUE B 70/ i SR R A o VDR IR SR M S VA FRORE B 6 2
PE 8L A A ( modeled optical properties of ensembles of aerosol particles ,
MOPSMAP) HIUF 44 2 015 52 0 £4) 5 1) = AR 1A SO 5000 e B3R 15
MOPSMAP A % = B B 2 4 VRO A BRI DRSS, SFERIE . ERIE
R GEASMTEARRL Y MR, HAE i S RAE a5 2 Ry S 2k fh . Bk Eriz
IR A, AT SEIERIE . R HERIE S = AR 1A S 2 AR T A 1 A
PR T o o S O A e DU o B R B O T 3R A
2.1 VAR I B 1
2. 1.1 ARRRAR AT

T TR FH AR R A% 23 A1 s K U T Fennec S0 H 18] P AL 8 S A W) & SR
7, Fennec THXIJ/& H19E. V255 2 [H & A ES 1) K 2 [ Bbe G MR It s, B R 4R
FUIRE R V0 b AR ity i R 5 Y R HE TS, [R5 T FR LA 00 5 b i )
o iZSE5T 2011 4F 6 H ARG hr v DB NG T e, A% 0o [X 180 o 6 B 0
JENE 5 T AL Vb AR I o SO A, 7 S ALK AN R R TS Y
BAe-146 BIEHIHAT T 240K CATAL 55, M I 76 O Bty 52 P9 kAT [ 5 T EE 1Y
BT CERETIM AT, TEM T PRSI R AR R . FREEE
TG P AR, HUECT S 183 T 2 BB MRk, R aEE.
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W I SR 6B ARk (passive cavity aerosol spectrometer probe, PCASP) “}
FE0.1~3 um. MUK FHRNES (small ice detector 2H, SID2H) KAF 2~60 b m.
AR IE BRI (cloud and aerosol spectrometer, CAS) KA 0.6~50 b m. Z i
&3k (cloud droplet probe, CDP) KAf 2~50 um PA K = 53k (cloud imaging
probe, CIP) *KFf 15~930 um. ZAXABEE WM T S84 Rd o 15— 300 4 1) =
PR, SEBL 7O RS A KRORE VD A2 SIS IS ) A T 3R o 1 B2 854l 1) 3 2 Ji K]
ET, A REAS TR AL YD AR X BT RS A5 B, XX T AR AR AR X
() IR AE kAR R B A B2

5T Fennec SEERLI, Vb 2R FUKE ) AR RRURLAR 3 A1 AT 27 D9 DU AN 0 HOE S AR
SHEm, REreRikA o

dar & N, 1( log(r)—log(#,4.) Nz
= —eXp - ’ <1)
dlog(r) <2z log(o,) 2 log(o,) 3

Hrp, N EXNBUESENAD MBRLEEL ¢ BRBRER, Fes EREUESE

X AR, o RXBUESHEA I . P SR NS S

mEE 1 Frpines,
R 1 W B ARBURAR 73 A1 S B0 B & S 4

Table 1. Average log-normal fitting parameters of volume size distributions above desert regions.

Mode no. N/um?cm? Imod.i/ 1 M &
0 508.27 0.025 2.5
1 8.84 0.355 1.33
2 1.89 1.02 1.45
3 0.54 2.64 2

1 Jeor 13T BB & 15 21V LB AR LA A1 b 2, UL X 38 7

AR B2t A RZE AWM K P IE S S5, "2 0L Ryder CL F5A



B 71732330,

U LA TSI R A B A B 3 B D A R R KB R AR IR E N 10 i m
(RS RCER) |, DU ER S B TR T31534, (B okl 22 16 [ A7
SMMAIESE, KA AL KR EHT 50 um FOHAL S VD A Boki203], Adebiyi A A
S NISIRH SE 4 Y, PRSI 5 B0 BT AU AR ™ SEAAY T KA P (R R SR v
AT BN —ZFHRIVR I BN EN, 5% Fountoulakis I %5
NP SHATT R, W T RAARERIERZ A SD10 ARFRAL G E AU
KRR (rma=10 0 m) , SD50 ARRARAL 1 KA (L B0RL S VA T 1
RAE A (rmax=50 b m) o B 1 g 7V B M) SD10 (L) & SD50

) A2 .
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K1 Fennec S50 3 A1 21 4 v D A2 BORL AR BURLAR 70 AT T 0 el & i 2k o,
B RPARATIES0 wmff) “SD50” AABURIAR /A DA (0 223, - B R FAR AT IE 10 1 miff)
“SD10” MABIRLAR I A ALt 2 B
Fig.1. Mean log-normal fitted curves of the dust particle volume size distributions
observed during the Fennec campaign. The "SD50" volume size distribution with a
maximum radius of 50 um is shown in blue, and the "SD10" volume size distribution

with a maximum radius of 10 pm is shown in red.
2. 1.2 WARRURLIAR 73 A1

YRR H HAT AL, O AR A 58 B 5 320 5 v B P U LK
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BRI, JEHX T KRR RL 7N 2. BRI, BFFUCRHIERR . e i skik =
SR ER (A =T LA A AR X P AR UK (R AR BEAT 38 . o, e ER IR 25 th
K LS HERAE, AHOCERERIRT OPAC Hd B0l — B BR i )3 ok AH B 3
=AM (B L, 9 W 5RE H) & Lo R R IR Ry

il

fiE, TR P AR IR 2 B0 IS LM o3 A BEATRAE, X AN 5053 5
FEK B (length-to-width ratio, LWR) FIE % bt (height-to-width ratio, HWR) .
K 2 Jeon T AR IR D S H TSR ER . A5t AET HuangY 55N )
AR DS GIAN, FoE T RGNS R ERRNESS
e, (LGRS I R ARG S R IR BRIG AR B2 4% 7]
ISL L, T e R ER AR TS AN R BR - — 4R X H] . AHELZ R, =ik i A%
AUEIE 5] N LWR 5 HWR A58 07 R 3R hil AR &, B R AE 25 R4k e £ 58
B S HOT I, W T A R O A AR LT R T S . A
[ 5 24 [ S R e R 4 B L S B R S PR AR Vb R O S : RIS, Al
F) 5 LR 265 15 1R 0 ALWR)-5 1 5 MR 256585 15 1R 0 ATWR) S [RIAG G T 2 LR
ST S0 AR A R AL, R SR AR = AR ER (A Vb A S RORL TR BRI
RV ST IS AR L T B

(b)

(_N.\\H.l"-\'l!-"u)(] \'1!!_!\104\‘&!
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K2 ARERDMSE NS REE . (a) ZRERE =ANRER E
(b) 2t 2 HE A I ) X SRR BB AR Y 88 €00 ST ME A Bl FR X 30T 7 Jce 4 A
BRARAEAY s et S A AE 00 R A X80T MLASHIF 78 R A 1) = Sl B AR AR A ()
A () R IX S S 0 B 52 X 3570 ) 2 AIELWR 55 HWR PR ARE 4 38 18 70 AT FHT 2k
Fig.2. Schematic representations of morphologies under various shape distribution
parameters. (a) Definition of the three characteristic axes of a triaxial ellipsoid; (b) The
region outlined by the red dashed box represents the spherical model, the region
enclosed by the orange solid box corresponds to the spheroid model, and the region
bounded by the green solid box denotes the triaxial ellipsoid model employed in this
study; (c) and (d) The blue and green shaded regions depict the probability density
distribution curves for the LWR and HWR, respectively.

BT A BRI B P B30T 1k S 00 0 S 56 6 5 RN VD AR BSR4 T 25
B4R, Huang Y 2 NG5 iH 0 M &K B: HWR PLA LWR 5 1 (w2 (Rl LWR-1)

A TSI 25 0 A, FLME 3 3 5 PR B R R IE O -

1 exp{_l(ln(LWR—l)—ln(EL—1)] } ’ (2)

JILWR) = 27 «(LWR-1)-0, 2 o,

F(HWR) = —l(ln(HWR) _ln@)} } : (3)

\/E-H;VR-GHGXP[ 2 o,
R, & Mg, 2 LWRFIHWREI T E, o, fl oy 3502 LWR —1 FIHWRE)
JUThRiEZE . E4L, Huang®E NSV EL LWRAT HWRXS vb A Foky BARA UK, FEH
LWRFH HWRE X3 ZE AN K BRI, ERTFEH, SR HuangSE NN 46 ) 4 BR-F 1)
i, B £,=1.70, &,=0.40, o, =0.70flc, =0.73. FHAHXHEANEG LB
RIERIAR G A, b AT R TG 1 =R, I 2 H N REER)
RHELGEE o BRI RLTF MR AR LB & = SRR o A i Bl 3 B
N
2.2 MXSHKE

i B BRI 2 O NI R B IRAR S AR S R RE, R A S A B R R
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YRR T, AR A R SRR 5N P] S R AR SR e A M . bR AR
FH R X ) St 50 A7 R £ (bidirectional reflectance distribution function, BRDF)
530 AR 23 4 ek %1 (bidirectional polarized distribution function, BPDF) #§#%>
REE IR Vo SOR XA S5 4 A bR AU HE T Roujean J L 25 A BT R St
WARELE, KRR A (4 Fizs, R TR RIS 45 5L 5 Sl 2ok 1)
AL/, T2% Breon F M 5 A\BSIRARCHIE TT AL

R.(6,,0,,9) =K,+K 1(6,,0,,0)+K,,(6,,6,,0) > 4
Hp, R KMHARTA: 0, KWK K, K K, 757 NRoujean J L
A5 NPT 2 f SRR 1) Sz 256 o i i Ak 5 4 RAFAEAH DG IR 56 R 8. S

S 03 AT SRR, KR A (5) MR (6) Fios.

£,06.,0,.9) =2L[(7r—q))cosgo+sin(o]tanes tan 6,
V4

;o (B
—l(tan 0 +tan0, +\/tan2 0, +tan* @, —2tan 6, tan 0, cosgo)
T
4 1 T 1
) L S—| Lsing |-~ (6
1:(6.0,.0) 37rcoses+cosev[(2 §jcos.§ smf} 3
Forr, & RBANS I 1] 55 000 5 1) 22 TR) BRI A 3 2 5% 3%
cos& =cosf, xcosf, +sinf xsinf, xcose (7

Horb, w BOR NIRRT 1 FonIrif AR, AP R RO S B E k2
fhs, IXEESHOLF R E 1 3R SO IR 22 18] 73 A 5 5 BRI o
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K3 WF b AR AR R T ISR B2 AR AR R (a) = liABK
R TELLHIMER A (b)) =ZBBAERIA S S LEAMER A0 (o) EReHERIA
B LE B 0 A
Fig.3. Characteristics of the shape distributions adopted for simulating the morphology
of non-spherical dust particles: (a) probability distribution of the length-to-width ratio
for tri-axial ellipsoids; (b) probability distribution of the height-to-width ratio for

tri-axial ellipsoids; (c) weight distribution of the axial ratio for spheroids.
2 MR SRR S S B

Table 2. Key parameter values for the surface reflectance model.

ZH 18

LN SECE S 0. 02
K, 2403 (RIS B | 28.8 GELAMEIEHEBD
K, 7.3 (AT OB B « 8.5 GEAAMEREEEBD
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K, 64.2 (AT WOBREW B « 74.8 GELAMEIEBEBD

2.3 ARSI
D HERFAR AU R R — R 28 48 VA JEORE 7 XoF R I R 0 08 S P U 5 i 1 28

N2, TR R B B R B R R AR AR T R . 207 il X il

S REREAT B P EEE S RS, REVE RS B SR AR B 2 CHIUH Tk
FEA R I e R B AT o AR AR IOV B m R 2 RSB R R, &
L H R BOA ARSI TOA (148 S 58 5 R4S o

PR AR A BT b R T (RIS KU ED R AL
TIEANG, WA TO6UE L HE KK B RIESE TSR, P DL i) 32 22

ZHAREI B TR 2 f1E 3,
# 3 HTARSHME B R BB R S Rk

Table3. Parameter settings of the vector successive order of scattering method for radiative transfer

simulations.
HK/nm 1550, 532
1550nm P AID A SIE AT % 1. 53+0. 00581
532nm WKV TIE AT I % 1. 53+0. 00631
K BH R Tt £ 35°
X BH 747 0°
BACS  d e IR AR 4 100
KA 1013 hPa
KA e 120 km
FA T4 0 S50 B v B 1 v o A = 41
2R 1

3 BELERE

WHFCETXS 3 Mk TR (RIE. BeEMARRIA . =HiMEERT) 5 2 Fikife sy
A (EFRY 10um B SD10. _EfRA S0um I SD50) HIFTA 6 Fh4l& TR
o FRAFRL TS GRAR A, B TEE T R IR A IR B2 B 22 57, PRAG
ARSI IS S BOR A S B AR SRR RN o e HERR S I ST ' SR B0 A
AR TI0, AEXS EEAN AR T BB SR AR 0 A 7 S8, 48— KUV IR
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R ERER 1.00
3.1 KL TEAS K HIUR AHHE R TT 3K (15 0

WFFUE T Y0 BRI BU B e, RIIBAR LK RE R T FEFEE. &
BRI AL, S O T LD S A G 77 5, tHE T SD10 A1 SD50 Pi3ib 2
TAEBRIE . BRI S = HlA R AR = M8 B SR 762k . B BEROG 2 4
M0 3o KT 2 B AT H7 B AL T 5 2 A AL R

U ARFE B TC 3 A2 R B R S AR T S DN, HUE B O A B R
AT ELUL S BB 6 (K7 1 43 AT R R R R R PE AR 5 G R, T IR L e iR
PRAN =B ER T 5, H R OB ARFERE P(O) Al (8) Fmil.

P(0) = (8)

A OB A o E R R IR 55 L IR FL 5, B U AR AR P(0)
() A= SRS TC BRI R AT B WL AN 22 I B 98 Hhod i A e B0 R, ki, 0 afT
B SERE TR B R A A, BI-R, /R, By /R By/ B By/R,.
Pyl Ro ERSEIIS ORI TR BOSHUN RS, RIEE RN
SRS £ 25 TRV SRR 40 AR s UM R, /By RS NI ARG S TR U s 7
MRS s Py / By RMGRRIR (52 SRR 585 4 55 i U SR 1 LU AE
Py /By F Py /By W53 5058 LA e [ i o 55 A e IR i e NS 22 R, 1
YR B IRRFIE: By / B RoR GG LL-45° LR m RS, B R 658 5 BiH
G IR EEAE

Kl 4 JE7s 1 AE 1.55 wm A1 0.532 wm 4k SD50 f =Rl AUk 7B A Y 6
MARTITHR AL WA & E P11 AR DA Y, BRI RL T B ARS8 0 5 RO (R
S A>160° D, THEFE ER AR = R ER (A AR 0 0t 26 TP 0, IXBIRRAE T LA
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AR A At A it il L RO AR 7E V0 A2 ST IR P 6 R M B o L B AR
PRI A 2B S PR AN R A R 80 R AE I I 1)U 7 1) - o0 PR RSP e

AU AR A MR JC 2R -P12/P11 FEAN R IS R I W35 22 5. i 4 (b) By
N, BRIERLTAEAL-P12/P11 AERUN M2 160° BT 2B — DR AR, 255
MES S A YD R SR IS B SEPR I S R ANTT A A2 T, ARERIERL T Ciee ek
K5 =R 19-P12/P11 £ 53 A0 SE P18 HE AR5 SEBR: 7EHUT o< 90° I
HUEAHX R, 7E6>90° B AR BN, BEARAA AT R F 2. Hehh, Tkt
BRI IR-P12/P 11 (ELAE BEAN U F1 30 ] P W s T = AR R AR, R WD %)
PRI X 2 i 2 B /E v MR EE I . TG 3R P22/P11 SR RAEKL TR RE /7 f) i
ZH. K4 (o PR, =HRERARL 71 P22/P11 BERUR AR RIZL, 2 H
ORI AT G s T i MR ERAAORE T~ F AR AL U AR~ 22 . BRIE KL T-H) P33/P11
F1 PA4/P11 FEIT 5 [A) U X I — A XA AR, BlJS7E 180° HIUH itk
TREERGL-1. MEZT, BREMRERADR A = HRERRL T M AFAE XA IR
A b, BEERRL T (0 B AR B 0 3R i 2 AEAE B R IR R AE, — e FRE bR
B T AE R PR BIORL - B0 R 5 Kl LWL AT o 4 R L 4142
3.2 KT A 51 AL 5 IR AR 91 22 57

SN TE B VP AR T S F i S AR 2 RS R, 98 S0 DA = AR Bk Bk
KFtipsoiaa R VERSHELUE, 73 THEEFEREIRIE (Epperoias ) FIIRTE (Fgpere D
WL~ 5 LI 2 o ) = HRER T WL 7 BB S 2 e P s E AR IR E 2 57, M SGTHEREY
LA SD50 9t . &R IARR R A A 9 (@) FIAI9 (b) Fivm.

AF=F, -F (9a)

Ellipsoidal -~ ’

AF

change% =100% - ; (9b)

Ellipsoidal

Hrp, F RORERIEECEE BRI R (RO AR, &
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Fig.4. Comparison of the scattering phase matrix elements for the spherical, spheroidal,

and tri-axial ellipsoidal models at wavelengths of 1.55 pum and 0.532 pm .
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Fig.5. Angular distributions of the simulated atmospheric diffuse radiation Stokes
parameters for triaxial ellipsoidal dust aerosols at the 1.55 um wavelength. (a)-(c)
represent the downward radiation fields at the surface; (d)-(f) represent the upward
radiation fields at the top of the atmosphere . All subfigures illustrate the variations in

radiance with relative azimuth angle and viewing zenith angle.
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Fig.6. Angular distributions vof the simulated atmospheric diffuse radiation Stokes

parameters for triaxial ellipsoidal dust aerosols at the 0.532 um wavelength. (a)-(c)
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represent the downward radiation fields at the surface; (d)-(f) represent the upward
radiation fields at the top of the atmosphere. All subfigures illustrate the variations in

radiance with relative azimuth angle and viewing zenith angle.
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Fig.8. Relative deviations of the spectral radiance I for triaxial ellipsoidal dust aerosols

relative to different reference shapes at the 0.532 um wavelength. (a) At the top of the
atmosphere relative to the spherical model; (b) at TOA relative to the spheroidal model;
(c) at the bottom of the atmosphere relative to the spherical model; (d) at BOA relative

to the spheroidal model.
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Fig.9. All-sky angular distributions of the degree of linear polarization for dust
aerosols simulated by different shape models at the 1.55 pm wavelength. (a)-(c)
represent the results at the bottom of the atmosphere for the spherical, spheroidal, and
triaxial ellipsoidal models, respectively; (d)-(f) represent the corresponding results at

the top of the atmosphere .
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Fig.10. All-sky angular distributions of the degree of linear polarization (DoLP) for
dust aerosols simulated by different shape models at the 0.532 um wavelength. (a)-(c)
represent the results at the bottom of the atmosphere for the spherical, spheroidal, and
triaxial ellipsoidal models, respectively; (d)-(f) represent the corresponding results at

the top of the atmosphere.
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Fig.11. Distributions of the radiation field Stokes components (I and Q) and the degree
of linear polarization for spherical, spheroidal, and triaxial ellipsoidal dust particles
with SD10 and SD50 size distributions at a wavelength of 1.55 um. (a)—(c) Downward

radiation at the desert surface; (d)—(f) upward radiation at the top of the atmosphere.
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Fig.12. Distributions of the radiation field Stokes components (I and Q) and the
degree of linear polarization for spherical, spheroidal, and triaxial ellipsoidal dust
particles with SD10 and SD50 size distributions at a wavelength of 0.532 um. (a)—(c)
Downward radiation at the desert surface; (d)—(f) upward radiation at the top of the

atmosphere.
3.4 =BhiERIA S S BRI BURAE 7

AR BAEZ IAFRX XA TTREATKEE B i i e, HAER

25



R R X I, SR B e AR A S R0 DL e it
et O T P> RBEHUE S . NEAAX LS S HOR s T A2 e S i 2

LPEAESZ IR, AR AT = B ER AR AL () DM D IR IRGE T S 8 KE AL

)

e, mvtbpiige, , LXK UTIRERE o, fl oy, , TR T RER DS
BBUEME . ARYE Huang YEE NPT RBRGETEE IR, TR GE1H 0 A S 808G
HE, =1.70£0.03, Z,=040+0.07, o, =0.70+0.02 flc, =0.73+0.06 ,

N T RIS H) A E PR R S IR A T AR, B RE T LR S
HIRRPRAE, DAGETHEE R B oy B, JFERG 25 B BRIV AR SR IR e, &

i T8MSEIRA TR, RAESHs B RAR.
R 4 =R S S HA N BURTE D S8R E

Table 4. Parameter settings for sensitivity analysis of morphological parameter variation in triaxial

ellipsoids.

g &y o, oy

Baseline 1.70 0.40 0.70 0.73
Case 1 1.67 0.33 0.68 0.67
Case 2 1.67 0.33 0.72 0.79
Case 3 1.67 0.47 0.72 0.79
Case 4 1.67 0.47 0.68 0.67
Case 5 1.73 0.47 0.68 0.67
Case 6 1.73 0.47 0.72 0.79
Case 7 1.73 0.33 0.72 0.79
Case 8 1.73 0.33 0.68 0.67
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Fig.13.

1 m wavelength: (a) and (b) represent the percentage changes in the downward
radiation intensity and the degree of linear polarization at the desert surface relative to
the baseline values, respectively; (c) and (d) represent the percentage changes in the

upward radiation intensity and the degree of linear polarization at the top of the

Sensitivity analysis of the statistical parameters for dust aerosols at the 1.550

atmosphere relative to the baseline values, respectively.
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1 m wavelength: (a) and (b) represent the percentage changes in the downward
radiation intensity and the degree of linear polarization at the desert surface relative to
the baseline values, respectively; (c) and (d) represent the percentage changes in the
upward radiation intensity and the degree of linear polarization at the top of the
atmosphere relative to the baseline values, respectively.
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Abstract

Dust aerosols play a crucial role in the global climate system and

radiation budget. However, current aerosol radiative transfer models have

two major limitations in microphysical characterization. First, the mass

loading of coarse-mode large dust particles is severely underestimated.

These models typically truncate the maximum particle size at 10 um and

omit the super-coarse particles that are abundant in actual observations.

Second, particle shape is oversimplified by the widespread use of highly

symmetric spherical or spheroidal assumptions, which fail to capture their

true irregular morphology. These limitations cause large biases in

radiative forcing calculations and systematic errors in polarized remote

sensing retrievals. To solve this problem, this ‘study quantifies the

respective effects of dust particle shape and size range on shortwave

radiation and polarization characteristics  at the top and bottom of the

atmosphere.
Two typical shortwave bands. namely 1.55 um and 0.532 pum, are

selected for sensitivity analysis. Regarding size distribution, this study

uses airborne in-situ data from the Sahara Desert for comparison. It

contrasts the traditional distribution with a 10 um upper cutoff and the

extended distribution with a'50 um upper cutoff that covers coarse-mode
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particles. For shape characterization, comparisons are conducted among

spherical, spheroidal, and tri-axial ellipsoid models based on globally

measured statistical distributions. Furthermore, the proposed model

couples the desert surface bidirectional reflectance function and the

polarization distribution function. The model also uses the vector

successive order of scattering method to compute the full-vector radiation

field in the atmosphere-surface system, with multiple scattering included

in calculations.

The results show that particle morphology and size exert an obvious

joint regulatory effect on radiative transfer. The traditional spherical

model has high geometric symmetry. It induces coherent interference of

internal light waves and intense Mie scattering resonance. It also greatly

overestimates polarization in the forward scattering region. In contrast, the

tri-axial ellipsoid model breaks central symmetry. It takes advantage of

the phase smoothing effect from random particle orientation. This model

completely eliminates spurious resonance. Its polarization features are

smooth and agree well with real atmospheric conditions. Neglecting

coarse-mode particles will overestimate the single scattering albedo

systematically. It hides the actual absorption of shortwave radiation by

dust aerosols. In addition, this study carries out extreme sensitivity tests

on the morphological parameters of the tri-axial ellipsoid. Extreme

parameter perturbations only cause minor changes in radiation. and

polarization. The maximum relative deviation is less than 3.05%. Such

deviations are much smaller than the errors caused by traditional

simplified shape assumptions. This proves that the proposed baseline

model has strong physical robustness.

In conclusion, particle non-sphericity and coarse-mode contributions

to size distribution have significant effects on tradiation simulations.

Traditional shape assumptions or neglect of coarse-mode particles will

introduce systematic biases in polarized remote sensing retrievals.

Therefore, to improve dust aerosol climate assessment and satellite

retrieval accuracy, radiative transfer models should use observation-based

particle models and size distributions to accurately simulate radiative

transfer processes in the. real atmosphere. High-precision physical

characterization brings a large computational overhead. Under the same

computing conditions, the spherical model completes calculations within a
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few hours, while the tri-axial ellipsoid model with full-range optical

properties takes nearly one month. Accordingly, future work shall

integrate  high-precision non-spherical scattering databases with

lightweight surrogate models such as machine learning and

high-dimensional look-up tables. This can overcome computational

constraints and enable online operational application of aerosol

high-precision multispectral radiative effects.
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