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Abstract

Abstract

Aerosol particles are widespread in nature in forms of dust, smoke, microbes,
spores, pollen and so on. Aerosol particles can not only affect human health, but also
lead to changes in weather and climate. The direct impact aerosol particles have on
weather and climate is reflected in its scattering and absorption of solar shortwave
radiation and the Earth's longwave radiation, and thus affect the radiative balance of
the earth-atmosphere system. Therefore, the study of aerosol particle radiation is of
great significance to atmospheric optics, atmospheric radiation science, climatology,
environmental medicine, ecology and other disciplines. In this paper, the
systematical study on radiation transfer theory and numerical method for solving in
participating media with aerosol particles have been presented. The infrared spectral
transmittance characteristics of aerosol particles with collimated and diffuse
incident irradiation are discussed. Based on transmittance of the aerosol particles
from experiments, the inverse model to obtain the optical constant of aerosol
particles is developed. The infrared radiative characteristics and atmospheric

radiative transfer for a typical aerosol particle system, namely, cloud, are calculated.

Firstly, integral equation method and the integral equation finite element
method are proposed to solve the radiative transfer within a two-dimensional
participating media. The radiation transfer caculations in the anisotropic scattering
media have been done for both regular and irregular enclosures. The influences of
the scattering phase function, albedo, and the wall emissivity on the incident
radiation intensity and heat flux are studied in the dissertation. Based on the analysis

of the spherical harmonics method (£ and P), the finite difference model has

presented for the participating media with complicated anisotropic scattering.

Further research has been done using B in conjunction with the finite element

method to deal with the radiative heat transfer in two-dimensional participating

media with regular and irregular enclosures.

Secondly, A computational model of the infrared transmission characteristics of
the aerosol particle layer with collimated and diffuse incident irradiation is

presented. On the basis of B approximation, MDA method has been developed for
solving the infrared transmission characteristics of the aerosol particle layer.

-1 -
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Influencing factors (such as particle size, particle shape, particle volume fraction,
particle layer thickness, the detection angle) on infrared transmission characteristics
of aerosol particle layer factors are studied in further reseach. The best infrared
stealth diameter of water fog particles is obtained for the detecting waveband 3-5pum

and 8-12um.

Based on the analysis above, a transmission model is used to obtain the optical
constants of aerosol particles. The infrared spectral transmittance of mixed particles
which is a mixture of different types of aerosol particles can be measured by means
of the experimental measurement. Combined with the Mie theory and K-K
relationship, the equivalent spectral optical constants of the mixed particles have
been inversed with the measured infrared spectral transmittance. It is shown that the
equivalent optical constant of the mixed particles lies between the optical constants
of each component. Comparing the inversion results with those are calculated by the
effective medium theory, certain differences exist between them which have the
relationship with the volume fractions and mixed mode for each component.
Furthermore, the equivalent optical constant of aerosol particles collected in Harbin
area is determined by the inverse model used in the present work. The real part of
the equivalent optical constant of aerosol particles in Harbin area varies between

1.45 and 1.7, and the imaginary part between 0 and 0.3.

For the typical aerosol particles-cloud, the radiative properties and infrared
transmission characteristics of water cloud and water clouds containing different
types of aerosol particles are studied with the simulation method as shown in
chapters 4 and 5. Five types water cloud are examined in the research, the clean
water cloud, the water cloud with rural type aerosol particles, the water cloud with
city type aerosol particles, the water clouds with aerosol particles from Harbin for
sandstorms and the clear weather. The infrared transmission characteristics of water

cloud have been calculated in 3-5um and 8-12um wavelength ranges.

With the investigations in this dissertation, the simulation methods for solving
the radiative heat transfer in participating media are developed. The thorough
researches have been done for infrared radiative properties of aerosol particles and
their influencing factors. The research resultes prepare the ground for optical
constant inversion of aerosol particles. A equivalent optical constants inversion

model has been proposed based on experimental measurement of the infrared

-1V -



Abstract

transmittance of aerosol particles. The results can provide a reference for researches
in the field of radiative transfer, remote sensing, etc.

Keywords: aerosol particles, optical constants, the integral equation finite element

method, the spherical harmonics finite element method, radiative
transfer simulation in cloud
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Fig. 2-1 Geometric relations of ray in closed cavity
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FERE;
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Fig. 2-4 Iteration algorithm for IEFEM
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2.4.1 B FARTUART 44 42 53 - 7 o)

Bl 2-5 Z4fEE B R &
Fig. 2-5 The schematic diagram of two-dimensional rectangular enclosure
Bl 2-5 P, — A Yk IR T T2 38 B RAR A B R I 3235 0 € AN B4
FHELEL, T IR A 1000K, HBBEH IR E N S00K, N B 7, =1.0. AR
NI ERAB AN p=10m", RBENo, BCHHEHETERN:
D(O)=1+acos®, LLNFA KM T REHR PRIy 898 =ML H T,
490 15 s, WA A A K] 2-6 PR .

K 2-6 HEFE T d i W A% A ]

Fig. 2-6 The grid distribution of two-dimensional rectangular enclosure

Case 1: B 2-7 NS B & 10 R HEHUN, RIEEON 0.5 B TEFEM Al
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Fig. 2-7 Comparison of the radiative heat flux along the hot wall with different emissivities
Case 2: & 2-8 BRI S FN 1, RIEZEIY 0.5 AR LA & 5 B AH B
HAKCN R AR A, TR HERE MCM K8 R 17 H. TEFEM
it 5 RS MCM 1THR 45 R S8R, mRHRREAED 2%. JFH%
) e PER R 2 R T & R 2, X FEZRHT Eq. (2-42) Eq. (2-43) 1 #x
Ja — INAFE AT S AR 1) RBLR ZE I K.
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Fig. 2-8 Comparison of the radiative heat flux along the hot wall with different scattering

functions
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Case 3: fBCEBEMI RG24 1, HEMS M F BN H 58 a=-1.0. &l 2-9 44 H
TRIBZESH5 0.1, 0.5, 0.9 B 1HEAS BRI 510. WEFR, IEFEM
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Fig. 2-9 Comparison of the radiative heat flux along the hot wall with different scattering
albedos
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Fig. 2-10 Comparison of the incident intensity on the top boundary
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Fig. 2-11 Comparison of the incident intensity on the bottom boundary
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Pl 2-12 ARREIN DY J5 0 dt fi s i 1 B 2-13 AR DY 2 77 R s o3 A B

Fig. 2-12 The schematic diagram of irregular ~ Fig. 2-13  The grid distribution of irregular

quadrilateral enclosure quadrilateral enclosure
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Fig. 2-14 The non-dimensional radiative fluxes along the AB wall with different scattering

functions
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Fig. 3-1 Coordinates for the one-dimensional plane-parallel medium
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R 3-1 TR GAR I H LA

Table 3-1 Comparison of the dimensionless heat flux

R T #ipm'" P P
a=0
1 0.4466 0.4293 0.4444
2 0.6069 0.6005 0.6090
3 0.6984 0.6927 0.6978
4 0.7540 0.7503 0.7537
5 0.7923 0.7898 0.7921
6 0.8203 0.8184 0.8202
7 0.8417 0.8402 0.8416
8 0.8585 0.8573 0.8584
9 0.8721 0.8711 0.8720
10 0.8833 0.8825 0.8832
a=0.5
1 0.4055 0.3854 0.4029
2 0.5678 0.5562 0.5667
3 0.6599 0.6526 0.6592
4 0.7195 0.7147 0.7191
5 0.7614 0.7579 0.7611
6 0.7923 0.7898 0.7922
7 0.8162 0.8142 0.8161
8 0.8351 0.8336 0.8351
9 0.8505 0.8493 0.8505
10 0.8633 0.8622 0.8633
a=1
1 0.3577 0.3342 0.3546
2 0.5154 0.5007 0.5140
3 0.6102 0.6006 0.6093
4 0.6738 0.6671 0.6732
5 0.7195 0.7147 0.7192
6 0.7540 0.7503 0.7538
7 0.7810 0.7781 0.7808
8 0.8026 0.8003 0.8025
9 0.8203 0.8184 0.8202
10 0.8351 0.8336 0.8351
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Fig. 3-2 Comparison of relative errors of reflective heat flux between B and P
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(D RIERME TR B E R T RITL.
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Xt RATAARIFE MR, 1 AR A R RO By AR T SRS P R e

3.3.3.2 B4 IEF 4 jnl 7R

M RN P — Y8 B PR BES A F A S OBk 14610 R, T
ﬁLﬁ%ﬁV%%51ﬁ¢%%%ﬁﬁﬁ%ﬁ,m%m%32%mo
AN I(O,,u):q/ﬂ,y>0

I(z,,1)=0,u<0
IF TR 7:27”j;1(w)ydu, ot o JPERUA IR, g AR A
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Table 3-2 Comparison of transimittance in different optical thickness

@ VExacr Vpi VP3
7, =0.5

0.1 0.4578 0.43845 0.45055

0.2 0.4744 0.46020 0.46850

0.3 0.4925 0.48382 0.48823
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Bk 32

0.4 0.5125 0.50944 0.51003
0.5 0.5350 0.53744 0.53422
0.6 0.5603 0.56812 0.56119
0.7 0.5891 0.60182 0.59144
0.8 0.6220 0.63906 0.62559
0.9 0.6599 0.68030 0.66440

7, =1
0.1 0.2317 0.19280 0.22737
0.2 0.2459 0.21215 0.2423
0.3 0.2627 0.23449 0.25976
0.4 0.2825 0.26039 0.28038
0.5 0.3063 0.29077 0.30500
0.6 0.3352 0.32681 0.33484
0.7 0.371 0.37003 0.37156
0.8 0.4162 0.42268 0.41768
0.9 0.4748 0.48799 0.47700

T, =2
0.1 0.0658 0.03732 0.06761
0.2 0.0728 0.04512 0.07435
0.3 0.0814 0.05513 0.08284
0.4 0.0925 0.06813 0.0938
0.5 0.1071 0.08545 0.10831
0.6 0.1269 0.10908 0.12814
0.7 0.1551 0.14241 0.15636
0.8 0.1973 0.19161 0.19870
0.9 0.2656 0.26831 0.26715

;=5
0.1 0.0020 0.00028 0.00221
0.2 0.0024 0.00045 0.00263
0.3 0.0030 0.00074 0.00323
0.4 0.0039 0.00125 0.00413
0.5 0.0053 0.00220 0.00556
0.6 0.0077 0.00412 0.00803
0.7 0.0124 0.00834 0.01277
0.8 0.0229 0.01875 0.02340
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Fig. 3-12 The temper

the media in 2D rectangular enclosure
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Fig. 3-13 The temperatures in the line y =0.7825

P\-FEM 5 DOM-FEM )it 5B} ] b 3% 3-3 ATon(AMDIL X4, 4G N £7):

#*3-3 AFEMKET P-FEM 5 DOM-FEM 1 50 8] L 55
Table 3-3 The calculation time comparision of P;-FEM and DOM-FEM with different grids

X k% 2
) 100 648 2916
B 5] ()
P1-FEM 0.22 0.42 3.15
DOM-FEM 27.5 224.76 3267.79

H# 3-3 A LLE W, P-FEM BT S EE T DOM-FEM, X —4t 578 A%
BOH BRI RIS A S, Ui P-FEM 1] DAE I (8 T 52 br T2

3.5.2.2 AEAR L 4a] 44 B 42 BT 3E S 17 (o) B
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Fig. 3-14 Irregular quadrilateral enclosure
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Fig. 3-15 The dimensionless heat flux on the bottom boundary
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3.6 RE/LE
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%48 TRRRT ROINESHS IS

4.1 5|15

WAL R RN IR UG, SRS 5 R S AR T R
O AR R E S A CEIR R A BUN REL RIRE L BUAH R B
AT FBORL T 2% IR S R AR 2 802 H AU JBORE 1 1) D 22 BRI R S 30T HE
Yoo HICEE . SEIRER K SO A B O U SRR T I LR 2 8 Ok B e D 4
AT R JREPUE R, SRR LT 2 Har DL se e B AR, Tk
THDEEEAONAGEE A 290 Haell /5. EHT 5 MAUE T Cfath, AR
RLF RG22 H 20t S 96 00 B 15 B SR EORL 1 R IE I R 4545 Mie HIg AT K-K
RANSHF RN B, A5 R A KL 1 2 B5R S R A 2L A0 3%
SPRFPEREAT IR IC, S LR SO R 1 10 22 8 it Je SR (I R B A

42 [N FRESTFHITENIEIEN B
421 BANBKRZ R FIESTHEMER Mie IR

Mie Fig AR A & Maxwell 7 REZCI AR . 78 K2 BT FE S2Br B2 1) @
b, SRR SEAR B, R TR EE B B R, R R] PSR A Mie #EAg 1T
HRAKEN FROESRSE. mEN 28 HEMIFHES RS, B
Lorenz-Mie HLHEFEVE RSN, 24— W] HERA VR 8 BRIE L 1 L0, DR+ 1 32
AT Qu ~ BT Oy ~ IR T Qs ~ RIBH o FIFURFH R EL @, 43501 7]
DL T R E R,

Ourt :%Re{i(2n+l)(an+bn)} 4-1)
Z n=1
Ocs =52 (2n+1) [ [+, (4-2)
Z n=l1
Qabs = Qext - Qsca (4'3 )
0=0scq / Oext (4-4)
1 2 2
O=——[IS,|"+|S,|'] (4-5)
o lsl s

A Re RN EELER: y WRESH, Hy=2D/A, H D AKE, AN
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NG B A s @, A1 b, 900 Mie U RE SRS, AEHIRE R E . a, M
b, MRIE A N:

4 = Ynmpw, Qo) —my, (mp)y, ()
W (ma)&, () —my, (mx)&, (x)
' ) (4_6)
b= MmO, () =, (MmO, (x)
T my (ma)E, ()~ v, (mp) &, (1)
N m=n+ik HWRAEX HJE BRI EF IR, & =w, +iy,, HHw, ()M
Zn,(x) N Ricatti-Bessel Bi%, EATH & LT EEHER R

W (X)) = ?wn ) -vua(0)

2n+1 @7
Tnn(X) = nT X)) = X0 (X)
v ()= cosz Wo(x)=siny 4-8)
a()=-siny  xy(y)=cosy
S HUEAE R BT BN

S1(®):i 2n+1

S n(n+ 1)[a"7[” (cos®)+b,7,(cos®)]

- (4-9)
$,(0)= 2 nz(’:l i 1)[%1” (cos®)+b,7, (cos©)]

Kot @ WHUR A, Fle NHCH AR 7 o, 58 XN

7,(cos®)= P,(cos® 4-10
+(00s©) = ——[P, (cos ©)] (4-10)
T, (cos ©)=cosOr, (cos @) —sin” @ d [7,(cos®)] (4-11)
cos®
Ko p AL £ T

Mie HUR0E H T BRIE KL TR S R VR SRAME, 0 T AR BRI RL 48 5 e % 1)
THE N Z 8 T L FEER DDA v, ASCRRM %R T HREE.

422 BB TR ERN T X
T FEFEZ —F 1 S AR BB R 7 OGSO e M M H 507k, =ik B
Waterman T 1965 SF42 . T KR AR SO I BRI B8 5000 JEIT R BUT A K

BEBRIE B M TR IE AR, W% 2 AL R T 40 . 6 AN 1
=, TR R R R BUR TE S B RO e 00,
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E™()=Y 3 [4,,ReM,, (kr)+b,,ReN,, (kr)] (4-12)
n=l m=—n

ECm)=> 3 [ puM,, (kr)+q,,N,, (kr)], |r|>7 (4-13)
n=1 m=—n

Rk FRHIEA RO Hk =27/, B LAR R B SR G, n
R B A R T B N AMIER A%, v BB T T A 5 6 B £ 5 .0
IR 2t Re 2 IEMALEREL, RgM,, (k) FIRgN,, (kr) s kb 2L
3] A b JE A 99 1 W0 26 2 BR T 94 6 5. BRI DR TP R b e B8 A48 7 v 2

o,

Q=47 (-1)" "d B -C,,, (6™ exp(~imp™ ) (4-14)

mn

mn

By =47 (=1)" " d, E§° - B,,, (6™ )exp(~imp™ (4-15)

H 22 T 045 05 R AR R PR ARR AU AR 32 5 i 45 U RE RAS A 7 R A7 AE I 2 1k 5k
#, W I #=5 p,, Mg, SANHET 2 a,, M b, Z ALK R,
WL O PR LI AR Y

>3 | Dot @it + T (4-16)
n'=lm'=—n'

:i i’: [Tnflimn Ay Tnfﬁmnbmn} (4'17)
n'=lm'=—n'

A B5CR 5 2R T E  4  A1)

P a ™ T2 ]
q =T b - T2 T2 ||b (4-18)

H_ECRR, AW S ES B S S B0 M T TR, BIERE T R
NG T R BN R I e o 2 8, IGAZ T iR RO T 4B

X BEHLER I 0 A AE BRI R T, 6 TR M A TG,/ =1,2) 9 0t £y
@,Mﬁ¥%%ﬁﬁﬁﬂﬁ%ﬁﬁTﬁﬁ%W%

LRSS [ (o) () | @19

n=l m=—n

ext —

k EIHC
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1 SR 2 2
Csca = ) z Z |:|pmn| +|qmn| :| (4'20)
k12 E;)nc n=l m=—n
TS A5 2] 5 gk ER] 5 AR PR 1«
C, C
Qext = ;tz , Qsca = sca2 (4'21)
TTofr TTefr

:/H\:E'ji Ver 7'\37%57‘5(3!5%&0

HICSH A PR AR 7R ORE T RIS 1) 8 B il 2 1) A P (X o3 A 3, oo SOR

1 .
Ckcajkm drn(r) Cya (r) ey (1, 0) (4-22)

Hoe o (0) A aE, RAEAXMESESR, IEAFER. PRHmiH
AR 2 0L SCHR[109]

423 BWHRALTRNEHFETE

B S A g RETE SR 22 02 X 2R T AR T R, RRURL T AR A2
o B fa AT o 3B DO GURL T AR MOL U R T R . ERGURL T &R
AP € I o ARl 1< EENS D 5 NP i 6 8 < A el LTI IS 6 = P 52 h AR R 1)
AL R N RS AR R R T /S K o a0 VA a1 A€

R T 2R P S5 R 1 2 0T Ay i 2o A

P(0)=

T & 4

P =7 207N Qeras =152 Ot D, (4-23)
i=1 i=1

Gs =%Zl)iz]\[iQsca,i = 152 Qsca,ifv,i /Dz (4'24)
i=1 i=1

K=p-0, (4-25)

=0, /ﬂ (4-26)

Hof, BT RMIEREL, o Ml x5 BN 5 108U 2 5OR T 25
T o M7 R0 T 2 M0 R . e R D, IRL T — ANLR %, N K
SRR THOR R, RN M7 O, B Qs A7 %5 2 AR T 1)
SR TR T £, 3R %R T 70K T R A (A 7 43 L

T 2 ORL 1 2R A R T I RLAR AF AR RO AN AL, AN S 4 S ks 1 1
SR, RS RE B AR A R % 7 R ) o A U AN AR A o R AR R R R
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28 AT 1 O R R BT M B D AR T (1 R K, T B ph R
(ST T 5 O S0 S T 25 5 A IR 2 1 ) A B O LS 43 545 3]
®KW>Lf5wM@%@A® (4-27)

s i=1

Horb o, (©) Forkida Jy D, o T BU AR B 5L

KT RN SR R N S A, ZE0 R BRSO R T R os oA

o] o0 D o]
B=Z [ DN (D)0u (DD =1 5] 00 P Pap =72 (% 120, p(D)aD
(4-28)
o0 o0 D o0
0, =21 DN(D)0u (DWD =1 5] 00 1 Pap =N [ 20 p(p)a
(4-29)

Rof N (D) B TR AT, £, R TARBUE 4 b, P(D) AR TR A2 541
B, Ny BT R AR TR BB

PR FR YRR, AR RN SR YR AR AR, X
75 0 2 B T BRI, U AP 2R 1) 3 DR 2R ORI U 2 0T B s A,

T
p =3 D" NoQexe =1:50cx 1, / D (4-30)
o, :%DZNOQM =1.50,,f,/D (4-31)

2545 (4-27)A AT, AR T AR I UR A o 2 BRI A e R AR R

X IR A 5T 505 R R R, R R B SO R A A S
WSS TR BT AN B 10, AR SOR 7 R AR AT Re P S O, 7 2 8K T X
MR TP A R A S S o AR R R VRS A R BT o R R AL A

B=po+(1-1,, )5, (4-32)
x=xp+(1- 1, )5, (4-33)
o, =0, (4-34)
w=0,/ (4-35)

XH Loy kpr oy, RIS FERL T 28 IO FR S A% A 10 49 2 P S8 RIS B PR
AU S, RT RZ RO T R AR AR KSR K, 9RO
zZ.
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SBERKN T RLINESTFERIK R A =

HAT, ATC¥ 2 MEAE T VER TR T RV IMRN LR, &
TN MDA VLRl TS IR T R I ALAME 471 - MDA VL& 7E P Aol 1) 5
fith b, K AR S BR E 40 Aok B RE THI 4R 3 AR B NS RIGAR S AN 4, R
MDA JEtBFR A MPy 7% AR BB S+ R, HLiF SR el

TEREEN, 58S 7 FE AT LS R R A P
gﬁus)=§wg1=sog®—1@$) (4-36)

X T2 VE % F S RO, HOCER[S19% T BBl HE S AT DAAS BRI A R A 2
I

S(r,8)= (l—a))]b(r)+4£[G(r)+ Alq(r)'ﬁ] (4-37)
T
ST T, AR AR R D 4 T LU i R
10,.8) = 22 (r,) = I, (r,) ——Z q () (4-38)
T TE

A U, RO BE AL A g S 71, JFH q,,=q-fi -

MDA V£ H) 3 A% JE AR B S o B2 20 e o 1, A0 L, PSR 23, b 1, 2ROk E
Tl AR TR S O BE B (il o 8 A% A mh 32 21 A Jot ) RSO BT £ ) DA B B T
IS, T RERIBII I s [, RonBeR K A TR IR RV S 5 K
U ANAS B R S K e AR B4R e T 1)), FR AT R A RIB R

I(r,8)=1,(r,8)+1,(r,$) (4-39)
AT, w2 N
l,, .\ _ . i
ir (r,8)=—1,(r.$) (4-40)
i
S —ﬁ s -
L,(r.8)= . (r,)e (4-41)

XF I N BRI RESS, BOE BT ALRT AFEr TH A R N AR S, U

I, (r,8) ( (r)+3qm(r)-§) (4-42)
iﬁEPGmfﬁﬂqmﬁj\%UZi%ﬂ?'—ﬁﬁgﬁﬂé 5 55 5 O O R R R O B, RIA N
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r)= Lﬁ]m (r,8)dQAq,, (r)= A (r,8)8dQ.

75 TR (4-41) Rl (4-42)FRN T5 72 (4-39) AT 45«
e 23,1, = (1-0)l, +43[Gw +G, + 4(q,+4q,)-81-1, (4-43)
T 4

N

o 5 BE I A 5 B 354 4R A i mT BLE LN G ( j 1, (r,8)dQ #il
r)=J.4”Im (r,8)8dQ2.
SR G T FE(4-43)TE 4 WHEATFR 79 ] 15

V.-q, =(-w)zl, +o(G, +G,)-G, (4-44)
LT FE(4-43) - LLS, RIGTE 4 7 WHETIR 70 7] 15
VTGm = Ala)qw (Ala)_3)qm (4'45)

XF 8 N (4-45) AT Sy, 8 A N(4-44) RN JE I 5 FE R AT 43 MDA i
P 428 i) 7 A«
V.G, +(40-3)(1-0)G, =(40-3)(1-w)4rl, +(4o-3)0aG, + 40V q,,

(4-46)
59 A SR T 56 A TT BUS S T K
q, n= 8J.§.ﬁ<0 I,,(r,8)s-ndQ (4-47)
4 75 T2 (4-42) PN B J5 T2 (4-47) 1 7T 45
2[3—1)% n+G, =0 (4-48)
&

H A 0(4-45)7] LA 2] q,, I RIE K, R EHHARNA N (4-48)F 115 MDA V1)
12 5 A

2 2 2 2 -
P 3(——1)VG -n+G, Alw_3(;—1j-Ala)qw-n (4-49)
H BIEAUAT MDA V5 TH 5 — 45 AT AR BT S 3, U A N8 il
H 5 3CHR[146]H03L SRR o T30 5 5% A AN 5 28y Rk O -
1(0,u)=q/ 7, 11>0
I(TL,y)zo,y<0

- 27” 1 (e )ud (4-51)
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Horre 7, AT IR BB E R, g NI, p DA SR T (7, ) B9
J7 A AR 5%

F 4-1 Rl T 055 %

Table 4-1 The transmittance with different optical thicknesses

7, =05 7, =1
@
VExacr VMDA Vp1 YExacr VMD4 Vpi
0.1 0.4578 0.46032 0.44090 0.2317 0.23381 0.19466
0.2 0.4744 0.47883 0.46262 0.2459 0.25033 0.21405
0.3 0.4925 0.49890 0.48614 0.2627 0.26937 0.23639
0.4 0.5125 0.52073 0.51170 0.2825 0.29151 0.26232
0.5 0.5350 0.54455 0.53959 0.3063 0.31746 0.29269
0.6 0.5603 0.57064 0.57013 0.3352 0.34822 0.32866
0.7 0.5891 0.59932 0.60361 0.371 0.38514 0.37177
0.8 0.6220 0.63100 0.64058 0.4162 0.4301 0.42422
0.9 0.6599 0.66613 0.68157 0.4748 0.48583 0.48918
7, =2 7, =5

0.1 0.0658 0.06617 0.03764 0.0020 0.00195 0.00027
0.2 0.0728 0.07355 0.04547 0.0024 0.00224 0.00044
0.3 0.0814 0.08292 0.0555 0.0030 0.00268 0.00072
0.4 0.0925 0.09504 0.06856 0.0039 0.00339 0.00122
0.5 0.1071 0.11105 0.08594 0.0053 0.0046 0.00218
0.6 0.1269 0.13276 0.10964 0.0077 0.00686 0.0041
0.7 0.1551 0.16319 0.14305 0.0124 0.01148 0.0083
0.8 0.1973 0.20772 0.19219 0.0229 0.02239 0.01873
0.9 0.2656 0.27696 0.26894 0.0534 0.05451 0.05079

ST MDA 3t SR8 T FAT T RUE S35, 4o B85 5 S0 o S
FAEATCR A B ATH SR 45 R AT BB, Wik 4-1 Fose Hofe ppyuer J93CHR
(1461 46 3 MU AT 3 (AR BT AR, yypa 9K F MDA VETH SRS R AT 36,
1M1 yp A R RIS A S R o S SO iR 2208 -

Error =|7EXACT —7MDA|/7EXACT x100% B¢ Error =‘7/EXACT _7P1‘/7EXACT x100%

(4-52)
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The errors of transmittance with different optical thicknesses and albedos
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Fig. 4-2 The model of one-dimensional monodisperse particles with diffuse incidence

W 4-2 Pros S IORL 5 R LLANE B R, BB R T N BRI R
T KT R REF R HUIRES

BIPHRE 2 18] R BSOS B R R IR S

o7,

- 68 -

RFEAT,, FEEEDYRERES I CROEO 1) HiRENT, LR NEY
FELELRE 5T L IERIED, MG 0 R T A5
ﬂ@ll(r,l,u)

+1; (7/1,,L1):(1—a);L)S(r/1)+%J‘_111/1 (rﬂ,,u')d)l (,u,,u')d,u' (4-53)



5 4 IR T RSB ST RVE R T

1 oA
S == 1 4-54
(72) 7 exp[c2 /(/1Tp )]—1 ( :
TS SEN
1 aA”
1, (0,u)=— : , 120
2(0.4) 7 exp| ¢, /(AT,)]-1 # (4-55)

I/l(TLaﬂ)zoa ﬂ<0
e NBAERKEE, o KT RAIDCHEEE, u ZITFRZ, w, AR,

3 R AR (4-53), T LA B (7 0 A A A AR, 29 I 13
SELBAE ST AR £, (1)1,
E(A) = Ey(A)+ Ey(A) =27 1, () ud (4-56)
Hob B, TR BT R AR SRS ORI R T A FUR LU R, E,,
T R BB FO R A R 5 A B L O B O
S SR 4 A B TR E, (A) 5 B O A BT R IR B, (A) FO L A Ok
WEMEIZ, LEER:

— Et(ﬂ’) — Etp(ﬂ')‘l'Etb(l)
E, (1) E (1)

£ L, E (D) NBHELT RA G KOLEENRE. e RIMNEBA,,4, | NI
RAIBEH HEN:

y'(A) (4-57)

A ,
hyumMmz
) jjb E,(1)dA

ER@-58)H, MBS R LT RN B WM. BT R, BT
BRB TR, HRIERT UG K ) = £(A. A m ko1, D, f)) -

!

v

(4-58)

4.42 BEAXNFRKUBSKRAFTRLINEFHFERITE

FEARF (B R (B e B I SO R 32 B 5 — o3 BT 4R
53 3G K FNPK PR FfoRL o 78 KSR A2 A8 FH B 20/ MR A 2%, 2 2 F)
Al 3-5um Al 8-12um XA “ KA E 07, DUF R 3 B S B AR 115 5
EARCHEF N T EEINHE S, HE TEBEN 3-12um FI7K S50KRF R4
HMESRRE . 3-12um BB T K SIKII L, WSk 4-2 Fios.
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Table 4-2 The optical constants of water and ice particles!!

B/ um x o
2 Bt 24 o

3 1.371 2.72E-01 1.043 4.29E-01
3.2 1.478 9.24E-02 1.646 2.69E-01
3.392 1.42 1.96E-01 1.51 4.15E-02
3.5 1.4 9.40E-03 1.455 1.64E-02
3.75 1.369 3.50E-03 1.391 6.40E-03
4 1.351 4.60E-03 1.362 9.60E-03
4.5 1.332 1.34E-02 1.34 2.90E-02
5 1.325 1.24E-02 1.329 1.20E-02
5.5 1.298 1.16E-02 1.301 2.20E-02
6 1.265 1.07E-01 1.297 6.50E-02
6.2 1.363 8.80E-02 1.314 6.80E-02
6.5 1.339 3.92E-02 1.32 5.60E-02
7.2 1.312 3.21E-02 1.319 5.45E-02
7.9 1.294 3.39E-02 1.315 4.80E-02
8.2 1.286 3.51E-02 1.307 3.90E-02
8.5 1.278 3.67E-02 1.292 3.90E-02
8.7 1.272 3.79E-02 1.284 4.00E-02
9 1.262 3.99E-02 1.27 4.30E-02
9.2 1.255 4.15E-02 1.263 4.50E-02
9.5 1.243 4.43E-02 1.246 4.60E-02
9.8 1.229 4.79E-02 1.222 4.70E-02
10 1.218 5.08E-02 1.199 5.10E-02
10.6 1.179 7.18E-02 1.109 1.22E-01
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Fig. 4-4 The effect of particle size of aerosol particles on the infrared apparent transimittance
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Fig. 4-7 The effect of particle shapes of aerosol particles on the infrared apparent transimittance
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Horbe o, RO G WA SBALARI A TS B 22 ORI B H

ERGN AT, BN RRAE LA R ARSI N R SE. RSN
B EAFRT, S RORE AR B AL R 7= 2 e, AT AR A LR H B LY
Hig. TS R AT LGE TE BRI, &AL ER 52 40N E 1R I Ab,
i 52 B FE ORI B B I AR, IXPER 3 Fe s B R R 8, BR E,
2RI IR ES, SIRE YT TS MROR IR DI G . DAERE KL D9 1,
JE i35 s A R,
1

E,=E+—L-P (5-6)
ge

Ref L RFERIR, Wk TRTOBR. L= Nuuw,, u, JWhEkd

i=x,y,z

PrRE, NONBEERIRAGE 7, HFRERT,

a.a.a, ro ds
Ni == .[0 2 2 (5_7)
2 (s+a.)\/(s+a )(s+a )(S+ak)
a,~ a; Ma, 73 AN ESAHER R P IERAR K 5, s MRS E . (EEHEER

PRI = AT I AT T 2 FHIRIER: N+ N, +N. =1,

XTSI IR RERRL T, 8 B p 7T B et T T,

p—gE (5—8)
Hob: GRS, HEkRmTFI,
— 4raaa. e ‘ _
a =3 (¢, se)é; s N (6¢ )ajuj (5-9)
$4 7 R(5-8) IR AT FE(5-5) . MIARALBARE P AT LA 150,
P=n,ak, (5-10)

B RG-OMARG-HCANAR(GB-10), KRG HEHNERERXRNARG-9)F,
I BB IR ERTE B & R T A 8N B B0t E A B M-G
HigitE AR, RiERn TR,

i 6‘1 ge
3 2 £ +N,(&-¢,)

J=X,9,2

S (51 g)
=3 2 N (e

J=X.0,2

He: f=nV, V=4raa,a, /35 NERIEHORLIEIR, W fONRE YT 5

&

g =€ TE, (5-11)
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I ZRAE Tk oK 2 T2 22 A7 18 S
AR S
BRI R T BRI R T (00, SHALI T N, o N, BN, 35905 173, [
S5 TR BRI, A 2 (5-11) 7T DS At F IR,

gl_ge
& +2¢,-f(&-¢)

ey =6,13f¢, (5-12)

X(5-12) & A D T R E SR &R T HZ R (KM Hoy g =
ER, HENFIEERN BE IO e, , WA R & FERIE 2% B o8 4L

HNe, HEBRBEN £, W M-G Hig A F£pR N,

(5-13)

M-G BRI N B AR iR T EAR N i, & H T B R P & 5 8 EL B
1500, T Bruggeman Pt 5544 7] fg a2 JLAP A BHATRAR 2, BEAL A0 AH BIR G .
W53 # AR T DL B B BEAE LR (K Bl A RERIE S RT)

25204 B W B0 Bruggeman ik, w1 R prosPY.

K &y
2 O (-14)
FEFBEIE T, X T AR R 0 A Pl B e A S R R,
g=m’ (5-15)
he=c'+ie" Tem=n+ik, FFMBEESG 0 kKR, THH 2 L
nok = (5-16)
2nk=¢&"

AN FRHEIL, HARG-13)8ARG-14) KBRSV SN B s, ]
HH 3 (5-16) 11 SR & W 1) ZE 306 58 5.

53 /IBRAFRINEEHENERBEFWNAETERNITE
53.1 MFRIRIEBEFT RN E(NF
5.3.1.1 SERALFRIFER
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55 B RBRL TS RO6 R B LI BT T

ARHF TGS A T SF-800 )\ BRI 73 R FE 4, REE A IS
KL ¥, 1ZAXER & H Safelab AW 471, SF-800 & — M £ 2 2 FL W P i o X
SRFESE, W R B & 30 55 v AR 2 K3 7 2 40 e 1 RS AR SRR ] 44 [ Jksr
DA R TRAR S () 2 2. 2 FLRAESS . SF-800 BY J\ 2R ORI 70 P K KE 28 A0 FE 8 A
WEEZILE, 8 PABMIESE, 81mm M IES 248 (B, 11 M
PRI B B, DA B S MG 46 55 B & 1 & o AT LAIRCAR 0.4nm~9nm R4 V0 [
R, B IR N 28.30/min, A KRR EZ 1.8kg.

RURLY) 53 0 R A 2 KA S IR 7 I I A2 T

(1) VKA A, 2 URUE TR B8 &5 « WCBR AR A — ) AL IR AR 2 5 1

(2) X AR £ b (M BB 2T A e B AT 9 5 s FREIFIL R B 5 T I
PR YEUE N &, SRR BB AT 4R U8 I TEON X B S SR A L i s L

(3) HFCRFES, AR B2 R SRR e Rl ) AR R I R R

(4) FE R AR H bn o B IRCE RFE Y, BEAT R AU T RS R,
AT ECRAE S (IR ERCE D, A R AR I RE v AR KL T

(5) RAEAA KL I 455, UIWr i, HUHD O AT 4R DB . g
JRNZEBRK T, PR B R 1 S U8B 0 =, AR & BN T84
ARG B 284 B R R T

5.3.1.2 B RFAEPHBE T EME

YR SIS R R T AR R H R R R TR, B R
W AR e SRR AL R AR ERAR B E B AR A IR = o g%, TR
R R IS, R b S e T AR T S| R A RN B A . R
B A = E 25 (<6x10-4Pa). K H 25 (10~130Pa) FI A 55 H 4% (10~4000Pa) 55 3
P CAERIC . BRI, i ACERBR T 0] F T B 4 B 20 1T 1 3 R o A AT
EIERH T HEAEMFER (AEFH. RIEK. BRI KRWEMST. %
RS PR BSOS EDS 5 EBSD — &4k 40 i 248, EBSD
KA G AHE @R CCD ML, e EE>150 mdEFe)/AP, w45
HTRIE FCAA R ) A B 1) RGO 2R 55 o AN 2R ) i N T AP RL R L 4R
AEWEEE . WEE. e MR, BUBIN . R EK R EAR IS e R A SR AT

5.3.1.3 EHEHEEAERER

FERL 378 S A2 DU R ey, 00 2 SR P A e R I ke T A5 AR L 1 (1 R 2 8
KN o BB TR i) & 2URE, B —E N, BRI RES RS KR
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J S IR 9% 28, AE 1) 4% R iR FH 3 B B e ot L 1 EAT 78 0 S AR 45, 3R 2
BaH kAR, RPN, HENERG FERRAR DA, J1RMEE
BAy, mHA T R EEE .

5.3.1.4 {837 m-A e 43 AT AX

A3 i 3 ) A8 AL AR e 2L ARG TS 2 M G B H AR JASCO 2 w4277 1
5N FTIR-6100. {8 57 A2 B 21 4156 5 70 B A H 3 v B3 98 SO i Ak 22
RGH MR R AR R 1 v Hoadh A0 J5 3

AR SL AR R L1 A1 61 o3 BT A 2 G DL R AR A
(D JLiEJEHE%E: 0.5~25pm.
(2) HF A, ([ERthm . H#ZE Ny 20Hz, FMEEE N 50000:1,
(3) NSRS ER, REE G, Rt o #%E N 0.022nm.

5.3.1.5 HLEHTAX

ALIG TR R — AN EE S H, KA EE PSS(Particle Sizing
Systems) A 7 4 P 1) AccuSizer 780/SIS(Syringe Injection Sample)yE & 3k A% Y i
FE A . ZRAR I E Rk 2 E ARG E i, RIUE 7R a8 70 ok B

FEMERESECN:
COARAERLAR I & YT 2 : 0.5~400, H & v] 328 ¥ [ A4 : 1~400.3~1000. 5~2500;
(2) MEFE: 30~60s;
(3) HffmiE: 8~512 1.

5.3.2 RFRIRIEEHRMNERE

B [E AR T HEAT IO AL AN G S8 T, BRRE R % R kb EE R AN E IR
o H R EARRFE I STV s R WA HYE L TR RO A
AR SO 9 R oRE IR RE R ) 4 SR R v, R B L0 A e 1S S8 75 5t BN A
JALER (4l KBr 78 400~4000cm™ % 5 X 45k Py TR IS o AR SES6 A4 A5 1R T (Si0;
FLF\ ALOs RL ¥+ CaSO4 LT Al Fe,O3 Fi¥ PA K HIX S8R H KR &) 5
KBr s 5r iR &, FE R ALSI SR, BARGIEE R T

(1) PSSR EE: @I AR 5.2.1 Nl AL, kPRI ESE, /N
YU ' = 5 B T P A VR o TR T R RO S 40 L1 R AR B IE LESE &R

- 88 -



55 B RBRL TS RO6 R B LI BT T

DRI, AE IO v 2 BT 8 26 2 AE 548 AL 3 16 27 46 KBr F 1 R A3 M kE 1
2 —E R EL IR, TEON 3 3 BIF I Ak vh 78 0 T B OB AR B/ INR R o BA S10, Kt
TNB, B 5-6 ARZIEHEAFE Si0, ki T M BB (SEMIE A, K 5-7
NE AR SR SiO, B I A BB (SEMI . JFIIEIHRS T R&ad
Tt 5 AL 38 (1) Si0, Fi A4 I 0F S AR 3 3 1) Si0, ML HI KA 7 A B, 483 B 5 Ak
P SiOp KL F 1P K42 5.18 84k % 2.41 pm, W] 5-8 A1 5-9 Fio.

5-6  SiO, KL AT B Kb BE A1 ) 43 18 F8 B2 (SEM) IRy
Fig. 5-6 Photograph of SiO; particles by scanning electron microscopy (SEM) before grinding

K] 5-7 Si0, Fi W BB Ab 2 5 i 33 5 L8R (SEM) R
Fig. 5-7 Photograph of SiO; particles by scanning electron microscopy (SEM) after grinding
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10000 I -
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Diam.jum]->

Kl 5-8 SiO, L -HF B& Ak FH A A KLAR 20 A (D, =5.18um )
Fig. 5-8 The particle size distribution of SiO, particles before grinding ( D, =5.18um )

Counts POPULATION DISTRIBUTION
26000 —— =
20000 =
15000 Il =
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5000 =

0 i =
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Diam.[um)->

K] 5-9 SiO, KB B b BE J5 BIRLAR 93 A0 (D, =2.41um )
Fig. 5-9 The particle size distribution of SiO; particles after grinding ( D, =2.41um )

(2) PR TERALIE: BT o BN SRR 20 78 T K, CE I TR R K &
WA . BALER I K S D L 20 AR 1 I S 2R 22 7E 3400 cm T A11640 cm ™ R A 42
HELK BRI, TS RS2 6 (I s s . AR, WRAIR PR S
WA, AN B 4 RIS A AR RIRZ . Bk, B S ERR AL AR T
AR WKL TN T 48 N AT T 15 Ab 2

(3) 4 KBr JEF il % BT 1 0.1g 46 KBr ¥y K, MNF| C 4 Ut 1F
f IR FIRE B, fE 10t/em? 245 IS J0 T ARER 2~3 2080, JEHI R4 1mm JE
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EWE R . B A K)E, W BOCHEE SR R g, BT Skig,  xhigfr
FTIFE WA B KE, W SBOCEE S R RN 5EHE L, XA /R kiR
o ORJE R IS ) B 1) 26 KBr R 22 TR ZLAMGIE A #Y R PR B b AT I, R
LHASMCRES AR, R sl RN LRI & 5

(4) REFAL (FFIPRL 7 A1 KBr R iR G400 A il 1% 5% k1 R
B, AR 5 KBr KL F e R &, AiTEA s, e hIbs
BN RIS BT, RN H LA FRIR b . 2R A AR IR IR T 5 KBr 7R
“10.1g, HAEEIN/N 1 0T i 1R S Y M 2R A LR, IR A
TR ST CX— P IRAER B, RS YBA W, R A
HIRAER, AT AEWD, FFEE 10vem® 724 1K FREE 2~3
ot R RIE A0 Imm (BRI F, R AR 4 I KBr AR 7R A
Fr 2 TRAE LM GTEAC N R B L, SRR L ANE SO . T Z AT 2ok al
KBr [R5 ATE 5, IRl a2 e g Ab 2, DRI 45 1 st 2 B D A5y Ik
THILLAN B G A il 22

(5) EEILIER (2) M (3), EMFEFMFTHATES 6 KL LK. T
B IR SE 6 B 45 2R

R BT KBr oKRE R, fEA PR S, BtE SR S,
i 2R KBr 5 A7 A HEAR rF,  DUIBE S il 26 A9 I P WRCMSE A 22 1R 7K 23 T 52 i I Ay
3% S I

533 SERNTFFIALFERHE
5.3.3.1 BRL T HIE 2 E BRI

N T FOIRE R REROCHE L, RATE ik £ 0P — Bl =R IR
i (958 Si0y. AlLOs. Fe,O3 il CaSO4 KL 1) BHATLLANE ST R ME, /%
TS B B — B VA TR IR 22 B f R DU RS ks K 4l KBr i1
BEAT T ES , FEREHIT B T BRI R R R FE 2 i 4SO IR - 1) 1 38 Kt
% Dy, MERBID, =2um. IRJG5 MIEME 5% R 5t & 7 7 HOR AR I )<
WK T 5 KBr b 7T A, BUREG R T 0.1g H S 1mm W& fr,  [FI A
I EURA [ 5 2 A0 5 B R B IR AL AR R . ARG B AR TR 5.2.3 (LD ANE B R
B, 23R8 Si0,. AlLOs. Fe,03 Al CaSOy4 KL 1 I 2L 4G 1 3% 5 R 4n & 5-10
FTR
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Fig. 5-10 The spectral infrared transmittances of four particles
¥ LI MK PUFIRL T (SiOay ALOs. FerO3 Al CaSO4 KL T) RASMGIE

375 S 2T B S IRORL ' 2 A S T AR Y A v H R4S 21 DY FORE 5 1) ' S S
FREER, Wi 5-11 Fros:

—— SiOz
—e—AlLO3
— o CaSO,
—+—TFe03

RETIEET TN IR EY T EEETY EETTS EECEY EYET] DY, <) e Ly Ui L Ui L i i i,
5.5 5 75 10 125 15 175 20 225 25 102.5 5 75 10 125 15 175 20 225 25
A/ um A/ um

B 5-11 PO AiRE 1 1) ' 5 't 5 % AU A

Fig. 5-11 The optical constants of four particles

5.3.3.2 FIMRLFIRE WSRO EETE

N TR AR SR RO L 4 Si0, Fl FeoO3 R 32 AN [A] 4 1
HR=FREY, REY 1 7 Si0, 55 Fe O3 KT HIMAFR L A 3:1; RAW 2
Si0, 55 Fe, O3 KL FIIRFILL A 2:1; JBREY) 3 1 Si0, 5 Fe, O3 R HIAF L N
1:1o H T 75 S Bmil & B4 RMARUR A s 6], B3R AT 3 FR =2
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&I 77 FOR LA FE R & o R ERT P EIRAR N D, = 2um o R AL
TIREHE), FIFL I 5% oK1 i & 1 20 EORE A I U IR T 5 KBr ki1
BEAT R A, SR 0.1g M BE B Imm I . JF HA2 AR 5.2.3 MR 757%
MG LR =FR S LA E N 2, WK 5-12 fros:

mixture-1

——————— mixture-2

0.8 I ——-—-= mixture-3

0.6

0.4

sl -.\.‘.i"i/..l runl I
125 15 175 20 225 25
A um

=
wLh
L
h“"I_
o
(=] ng

K 5-12  SiO, Al Fe,O5 W Mk + R A I 2040 1 3 i R

Fig.5-12 The spectral transmittances of mixtures composed of Si0O, and Fe,O; particles
Ha SEYG AT A B Si04 F1 Fe, O3 #2AN [FAARR 11 73 b BT A A = iR A M 4L
A 61 3 S AN B 22 1 B s A b S A5 BB S S5 RO 2 W 8L JF
HAH S5 45 R 5 2800 ot BER T SR A5 RO A B B AT UL, K 5-13 &1 5-14
I 5-15 s

2 10°
Experiment Experiment
| —e——DBruggeman | —e—DBruggeman
1.9F —e—M-G —e—M-G

. e n L | I 1 L . e r e PErS IS
25 5 75 10 125 15 175 20 225 25 25 5 75 10 125 15 175 20 225 25
A/ um Aum

| 1 . 1[)3 P | ol 1 1 | P I |

Kl 5-13 AW 1 A0 F 4

Fig. 5-13 The effective optical constants of mixture 1

-93 .-



&
oa)
z

S

Tl K2 Tl A A S

2

10
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| —e—DBruggeman | ——e—Bruggeman
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e EEEe | 1 1o

MPEITE RIS EEEas e | e | e " I Ll Sl IS FWET T e |
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Kl 5-14 WREY) 2 RO H
Fig. 5-14 The effective optical constants of mixture 2

5 175 20 225 25

23 10°
Experiment Experiment
—e—Bruggeman | —e—DBruggeman
22F ——M-G | —e—M-G

i L e
5 175 20 225 25

-I % e | ol Ly | | Bl e | i -2 M ol il Ly
25 5 75 10 125 15 175 20 225 25 25 5 75 10 125 1
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Kl 5-15 IREY 3 KI5 RO6

Fig. 5-15 The effective optical constants of mixture 3

HIIE] 5-13 & 5-15 ATRAE H: R38R0 W80 T % H - HDa s
Kz 18] o HH e AR A s e A9 38 1 A5 R0 2 1 S A 0 PR T LA B ) S5 AL
JERCHE BB — B U FIR G AR AT I, RIEAE S5 AN
W A B Z BN o 2 S MR A P AR R Z BRI, M-G BB
Bruggeman B iR 1) 45 B ah kbein, XEE2HT M-G HIRl& & TB =Wk
BUNWITR AW . 1LAh, M-G BLig A1 Bruggeman PG 1T H 45 R 5 s g5 LA L,
Bruggeman FISHITHAE S R S50 RESG R EREE, XEELHTAIRSE
i F A 5 Bruggeman Big — 2, HIAM MR FREVLE S -

5.3.3.3 ZMAFIREHNERCEFHIIE

=RRTIRESIREY 4 FEEY 5 2 H ALO;. SiO, f1 CaSO4 i 1435l
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5 T SR BRI T SO S ST g
AR 1:2:1 AVRFLEA 1:1:2 WA R DURPRL TR A IR A4 6 Fl
BAEY 7 & ALO;s. SiO,. CaSO4 Fl Fe,O3 VU Ak 143 BRI EL ly 1:2:1:1
FRFRLE A 4:4:8: 1 RGN . LR IIREY 4. 5. 6 F1 7 P kifR
ND, =2um , F5ERART/E 54 KBr A 1R N 5%, Bl
FERWEE N Imm. SERMF LN EE TR, Wi 5-16 Fin.

1
mixture-4
0.9 = = = = mixture-3
——————— mixture-6
0.8 . = mixture-7
L :
0.7 ‘— i
i . %) . "
- W ~ al - -
0.6 vl \_‘, g v
- -E_’ "\ i
- 3 - \ i . I
0.5 . A i
i l{ iny
0.4 ff AN
r PN S | /
s [ Ry I | ;
03F (! iy
A W/
0.2F =/

Ul"..l.-l..l..l-..-l..l Loia il
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Aum

5-16 Z AR IR A AL AN & M R
Fig.5-16 The spectral transmittances of mixtures composed of three or four kinds of particles
KRG 4. 5. 6 M1 7 LA IE I R AN T4 2 8 AU B A,
HEAFENEAE 4. 5. 6 A1 7 MEEROLFHE . FRRH M-G Big Bruggeman
BB THEAR B S RO B 5 SRAS BN S 206 5 Bk AT PR Wil 5-17
2 5-20 iR

1.65 107 ¢
Experiment
- —e— Bruggman
1.6F —a— M-G

=1.55

Experiment

1.5 10k —s— Bruggman
—&— M-G
1.45 RRRANAARAAARAIAARAlARAA AR AR A A 11 5L TIPS PP I IS RS PPN IS U
M5 5 75 10 125 15 175 20 225 25 25 5 75 10 125 15 175 20 225 25
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K 5-17 JBREY 4 IR0 5

Fig. 5-17 The effective optical constants of mixture 4
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Fig. 5-18 The effective optical constants of mixture 5
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Fig. 5-19 The effective optical constants of mixture 6
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= 1.6 e
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——e— Bruggman
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Fig. 5-20 The effective optical constants of mixture 7
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M 5-17 2K 5-20 ATULEH, N ES 22007 ST R 456 I
155 S 75 45 21 (1) = Fh 5 DY Fhokz 1R A B &5 806 5 BUS R A ROn BB v
g R —3. FFHMNE 5-17 FE 5-18 WTLLEH, KA M-G EigH
Bruggeman i vHHE 13 B Ok E 8062 H S LR EAM, X FEER BT K
5-17 F11E] 5-18 42 AR LI BB S 1K) AL O3+ SiO, M1 CaSO4 4L [ 5E 78
FIT . Tl 5-19 F1FE 5-20 H1H ALOs. SiO. CaSO4 Fl Fe O b 144 AN [F] Lt
BVE & T VR &K M-G FEigFll Bruggeman ¥ 1H515 3 &R0 L %%
A 2R, XEZZHTIREYH Fe 05 K 658 L HE KT
ALOs. SiO;. CaSO4 KL ¥ G 7 H S HE, HBE%E Fe, O3 Kif WA ELIE K,
K H M-G #18 F1 Bruggeman # ¢ 1 5775 21| 1) 55 250/ 52 55 20250 10l 22 35 K

jEBUN B DO NLIR Y AN RN b VA R VIR AR A /N DR 3 Sl et ot £ 41 0 )R
1650 R0 BRI THREBEAT LA T DU . IR SR T 5RO 2 H U5 14
RAn R FRE G R, BRER R TR AR5 R E A2
M8 EA R BT R S O E AT B R ZE, TR
Y SO S RN R BB AT B IERAE S Rt — B .

54BREMXS BN TAFEFERSSINIAR

EFXT201145 H 12 H 8IS ~22F F120114F6 H 1 H 8If~2215F , & /R Tk K 2% —
Xz el o3 R TR EE W 4%, URCEE T BT B IE S R AR R KL T 20114E5
HIR2HWERIET £ ARRKS; Mo 1HU KRS, &R A, B
ANE R A HUSCER B SR IR, FRATIF IR TR 1% 5 H SR B B 9t

54.1 SBARKMNFHITEDTH

K R 5P o T 5004 (QUATA 200F) X 45 47 (/< 1 e b 133k
TR EAHT, BRSRERR PR RA R (Hd, ¢ N, OJTCRE KRBT, W
R5-2H1FKS5-3F7R -

KS5-2H15-37, Wit%RRTGRINEET W, 4%RREFATHER. J
HMNEHAT LA HSi. Al. Ca. Fe. Na. Rb. KE TR SER S, HATRK
SRR, BT ARERRL T PR EM S, Bk, AN [F A AR S SR AR
KT PR E, R2nREERA AR, FH@Ed TR AN,
FIT R 3] B W IR V2 1L IX SR TR KL 1 R R 20 5 R R R R 43 LR A 423
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5-2 201145 5 12 H WA I SUE IR 7 0 3 20
Table 5-2 Bulk composition of the particulate atmospheric aerosol determined by QUANTA
200F (2011 45 H 12 H)

Element Wt% At% Element Wt% At%
Na 2.11 3.10 K 4.15 3.58
Mg 1.57 2.18 Ca 11.54 9.72
Al 12.04 15.07 Ba 2.97 0.73
Rb 4.99 1.97 v 0.11 0.07
Si 41.99 50.50 Cr 0.34 0.22
Sr 2.22 0.85 Mn 0.41 0.25
1.76 1.92 Fe 7.16 4.33
S 2.63 2.77 Ni 0.50 0.29
Cl 1.42 1.35 Cu 0.69 0.37
Zn 1.41 0.73

% 5-32011 4% 6 H 1 HUCER) U IRKL 7 T &R 0 Hr
Table 5-3 Bulk composition of the particulate atmospheric aerosol determined by QUANTA
200F (2011 4£ 6 H 1 H)

Element Wt% At% Element Wt% At%
Na 2.00 2.90 K 3.66 3.12
Mg 1.48 2.03 Ca 11.13 9.27
Al 13.43 16.62 Ba 2.65 0.64
Rb 3.49 1.36 v 0.41 0.27
Si 40.30 47.90 Cr 0.00 0.00
Sr 1.78 0.68 Mn 0.37 0.23

2.68 2.89 Fe 7.81 4.67
S 4.08 4.25 Ni 1.05 0.60
Cl 1.5 1.46 Cu 1.15 0.60
Zn 0.98 0.50

542 RIEMXSIBERRFAIMNESFRNE R AFERR R

W TR 5 B SV IR AT B B, AR 5 MR 48 AR 35 BT 3 B RE 1 6 1) 4% D7 1
Hl &S A SVE OB 7 1) KBr [E A A4l KBr J& 5 SR I S8 F A8 7 28 B 21 0l
SIPTACERAE 2011 4F 5 H 12 HA 2011 4F 6 H 1 H Bt 2 89S b 7 e 1
FELE, WK 5-21 fios.
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25 5 75 10 12.%_ 15 175 20 225 25

B 5-21 M R VE M DXV OB T DG HEE ST 28 (52208 2011 4 05 H 12 HYERIA
WKLY, REZN 2011 4F 06 5 01 H BTSCAR 21 U3 Bk 1)
Fig. 5-21 The spectral transmittances of aerosol particles in Harbin (The solid line stands for

the aerosol particles collected on 05.12.2011, the broken line stands for the aerosol particles
collected on 06.01.2011)

K S P U045 BT 2RV b DXV IR R 20 A1 016 5 S AN BIRL 1 45 R0 27
RS AR Y S AR B R T R SR E G W 5-22 Fow .

175 031
e y 0.25F
N ! L
1.65F i
: 0.2F
1.6F F
= [ =015 |
1.55F 5
: 0.1}
15F i
145 F 0.05T
1 NI INETINENI AANANTE INATAVANIS AANANATE INAVANENE INSNINAE AT A coo o b b b b b b s b By
45595710 125 15 175 20 225 25 855 75 10 125 15 175 20 225 25
A/pm Aum

K] 5-22 MR RVE ML XS IR R T RS ROE S B (SR 2011 £ 5 H 12 HIREEMIS
WKL, LN 2011 4 6 H 1 HATWERHSBERRLTF)

Fig. 5-22 The effective optical constants of aerosol particles in Harbin (The solid line stands for
the aerosol particles collected on 5.12.2011, the broken line stands for the aerosol particles
collected on 6.1.2011)
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[E] o BT R B 1 e 2R VEE H XSV BEE T ) &5 80 i B BB AE 1.45 A0 1.7 22 18],
T RE R AE 0 A 0.3 Z[H] .

5.5 KRB/

I BORL T R 52 RO i e AR ST R E AR S8, IS B e H il
o AEFSE T IGE BN Ot F AU E i, BNE SR B R
KL LLAM 6% 6 %, SRR 456 Mie BB AN K-K 5% £ 2 S 15 3 R R
THIEEROCA T B BLohh, AT A T BT S8 806 2 5 AU A 2L
I IRERE, AHZ 7 1 T 5 A X T RS A5 2L R A (0 0 O 25 ALk o A
ML C . K BB Sk S I A5 B AR & 0L B 558 R0 574 805 R A B0 i
BB TR B S RO W B AT LB BE, BT IE JRVE M X AT YR AR A5 B 1Y
A BRI R L LD AR E A A, IR A SRR R S A B L S RO S A
FEERWT

QDI A RN G ke S s a1 B e o Ol T EED R RS YR K
) 55 B8O 22 B S AT RO R TH RS B S RO RO BRI — 2, =
PR G R R BRI N, S JE -5 7 200 ot B 1 v S A8 0 i 22 it /s

(2) MWARE AR 22 PR B, Maxwell-Garnett #i2 #1 Bruggeman
PG 1 45 5 45 Rl . Maxwell-Garnett #i2 fl Bruggeman B8 [+ H &5 R Y
SO S5 RAEL, Bruggeman BRI THEL 45 R 5 S0 Sipt 45 R IR .

(3) ARCHTRAE MG IRV Hh XS BRL T 1) 258 80 50 BUSEHf7E 1.45 10 1.7
Z 8], TREERAE 0 A1 0.3 Z.[8],
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£ 6 F mEEHGEREN KSR EEFN

6.1 5|15

BRMNDNE BV, mEBERTTERB M. HETZEERIRET
AR B RE R M E AR, KRR AL AR X = )= 2 AT B A
ORRIITE 2y = O NSl N R TR0 A TR DB I T = e i SR 5 B 71
XFRBES SRR S, sEHAEAERRKIOCZERE, sEN#EE. £
MPE T RAGETIE M Bl =R R SRR S AE B A R SRR .
T, R KB S B R 1 B RE T, R LK B 2 NS IR B AR A
BRI AR AR, X R B3 R RO i 7 AR e AR L S — i, m R R A
WRHSOOR I ER AN R SUAS B A48 ST, el o i T R AR RS I R A, e i A I
JERAGRRAE S B0 B KRR SR R, SRR . R AT
A AR BRI R Lo

6.2 =ERSAKKNFRYIIRHE MY
6.2.1 =EMYIBEF MY

=2 R KRB S T B 7K « DK & BB AT TR B 4 R AT LA
IR E Y =2 RTTE, RIEZBHIAN&EERE AR s o RaME
JERVUME, 1E&erh SR HAME 4 Y, gk 6-1 Fioss ARAE = Py ik A
RIS BL K s CHKRA D K CRUKE AR MiR& = (il
KAV IR A AL o AR A = A& — AL KT AL R 17 e 2 0 3 25 H UK iy
RL5 A B

mEREMEAZ Z M EREZW, Mag& RHoAm. cEN&EE. &K
EUR W R SE . o, m B B S S R T R LT R
S AR EESE, I HAF 2R 2 M B R S AR . B R I ERE
P FEERIA RIS A0, B0 g . BORE oA R X - 1R 70 A1 R
TR (B Junge) 200 B EAIE IERIMN D (Gamma) 58 %5 BIHE R 5 WL = i 1%
I3 AT BRI E o X L 2 1S S A R A TR R o A RO B TR A 43 A1 ek R A
Wiz
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% 6-1 7l 5y 2

Table 6-1 The classification of cloud!">*

BN KR
itk =& JEF (km)
(km) (km)
N L~ (CD 6.0~10.0 0.2~0.3 102~103
IV
HEMH = (Ce) 6.0~9.0 0.2~1.0 10~102
(>6km)
EFEw (Cs) 5.0~9.0 0.5~5.0 102~103
s s (Ac) 2.0~6.0 0.1~0.8 10~102
(2~6km) BEZ= (As) 3.0~6.0 0.5~3.0 102~103
EM = (Se) 0.4~2.0 0.1~1.0 10~103
K=
=2 (Ns) 0.1~0.7 0.1~1.0 10~103
(<2km)
WEZ (St) 0.1~1.0 1.0~10.0 102~103
HES B (Cu) 0.8~2.0 0.3~5.0 1.0~10.0
(2~11km) W= (Cb) 0.4~1.5 0.5~12.0 5.0~50.0
Deirmendjian (1969)#2 Hi [ 1E (11 5 43 A1 AP
n(r)=ar® exp(=br") (6-1)
Sz Bk FE B
OO —(a+l)/v
N=| n(rydr =22 @ (6-2)
0 1% 1%
X DB, v G 2. AR07Z LER Al
- (6-3)
a+3
LR E LA ESHIER =S a2 B
wn(r)r3dr
_[0 =05+3 (6-4)

}"e.. = .
7 IO n(r)rzdr b

SFKE, BRBEMS Akt ta=7, v=0.1; MM TiKs, HBEMS

SAF M a=1, v=0.25,

S H- IE A D
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n(r)=ar exp[%] (6-5)
e 1 2 i KR B Y
N=v2rhhoa (6-6)
RN,
ry =ryexp[2.5(Ino)*] (6-7)
A 807 2R/
v =exp[(Inc)’]-1 (6-8)

XFKakF, mo=035Hv=0.130.

F#6-2 =Mt E R
Table 6-2 The physical properties of the cloud!'*”

mPEE CPHER mWIRE SKE/

s HIE
0l /um /um (Aem®) (g/em®)
. — M K
B 1~40 4~10 250~2000 0.4~0.8 B
=, IRA )
EM = 1~40 4~10 250~800 0.4~0.8 A NUK =
B 2~40 4~6 90 0.4 B
W= K
1~30 2~5 500 0.1~0.2
o 70 1.70 B
W = 1~80 4~10 Kz
350 0.2~0.3 S
n
p— 3~100 6ol 50 2.50 g
NP4y ~ v S &l
’ 1~30 350 0.25 LMk i L
AT ,
L 1.50 NHEOK = B
WEz= 8~80 4~10 80~350 09-0.4 BIE R
o o Ekwm
L 0.50 ks )
mEn 1~40 4~10 70~300 &, PAIME
0.20 NERAK = o
E vy :d]
e 4~10 6~8 30250 v FEME
0.20 WA UK =
. 0.02 o
EEay 0.1~1.0 Kz
0.01~0.1
" 0.02 o
E& 0.1~1.0 Kz
0.01~0.1
o 0.02 .
B 0.1~1.0 Kz
0.01~0.1
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A E R T 2 J2 B4R SRR P R AR S AR e UK = 9, 7K TR e Bk
%, HRFHES 4N Gamma 234, WMa=7. mHHEEIR 100 MMem®, =i
R YE 9 1-30um, THE K508 3-5um F 8-12um. R Ka = EHE
FEN 0.4km, 2z JEEEHLIE 0.425km, 2 TEEHLTE 0.825km, % /K& 7 A 1 &l 1
K 6-1 Fios.

LWC(g/m™3) 010203040506070809 1 1.11.213

]
1-2
LA
tad
Y]
LN

0.5 1 1.5

X /km_‘
K 6-1 %K FKESHE

Fig. 6-1 The water content distribution of two-dimensional water cloud
6.2.2 SIARATHIIRSFIE

A ORL T 2H R I 1) A 2 TR AR AR R, ORI A . T AR T A
. EHMAZAMEHELZHEAF LK. 1983 FEHEIELS KAVWED 2
(IAMAP) HIHES & et 7 R IR bR AE SR S K (SRA) B, 4%
BT 4 KA IR NP RIS ERL - W RN R K
KWK T5%0R BRVURG « BT DU B 73 75 X0 i 2 AN A b mi 4% — 8 AR A 7 B A%
63 P KK, BRI B W SRR,

R 6-3 hRUERRH R KRR A A )
Table 6-3 “Standard Radiation Atmosphere” troposphere aerosol model!'*®

by IR N e g HE A
K i 29 70 1

oL 61 17 22
¥ 5 -

PRUERE SR (SRAD I JRABE R 5l SR FH G B30 28 70 A AZ AR PR 45 2
AT R BB AN A R TIRE A RBEBE: » AN TR B 73 S JEORE - RDRLAR 70 AT U R 6-4
2 6-5 B,
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F 6-4 FRAEAESIKA (SRAD AUHREHIN BT 45 4 A 5 05

Table 6-4 The logarithmic normal distribution parameters of Standard Radiation Atmosphere

aerosol model'"*®

D%y IR etk A BEIA
1, (um) 0.005 0.50 0.30 0.0118
0 2.99 2.99 2.51 2.00

F 6-5 BRSO (SRA) "I IR ALAE IEAN 15 43 A (1) 2 4511
Table 6-5 The modified gamma distribution parameters of Standard Radiation

Atmosphere aerosol model [156]

[5%x a v b
75%im R ¥ TR 324 1.0 18
K1l K 5641.33 0.5 16

ARSCAE TS A S R 1 2 J2 58 S R PR IO ROk ik 4% K Y 7
CHH TR I B 1 5 2 A B SIS IRORL 1 AT, DR iR & A AL S KL
T M CYRTTET A RE IR (RRTRR TR IR IRRE ) DL RLE
FIT R 45 21 [ G 7RV Hb X B SR WL 90 o R IR S R 1t H B SR AR B
YIS HN N R AR L FIRESSEE R, “S MY f “Ima” X
T IRORE 1 1R 25 80 27 BT SR FH 56 L5 BT 48 B R i B ) Bruggman B
WITE IR, Hon & 2 B o0 (1) 01 2 8 B WL SCHR[156] . THE IR E BUR S i H
3-5um M 8-12pm, T THEAR], HEKEEDY 3-5um B, “ A7 A<
72 7S JRORL A 1R 1 350 45 28016 2 8 48053 1) 79/(1.308,0.0159) F1(1.511,0.1197);
MK TEE A 8-12pm I “ SRR 0 ALY SR IRRL T 1T B 0
HHY N (1.608, 0.1303) Al (1.822, 0.2578). MAb, 5 T KA 0.55um
I “ 2 RS F1 T B R OB T SR RO SR U il (1,532, 0.0116)
F(1.582, 0.0981) 77 MG 7K V5 H DX AP BORL - 1) )6 2% 0 E0 0 ] 28 o 35 1 S 3
I 21 133 S 2 9K g 45 IR AL I U 3R A

6.3 —HKSHEEHFMITE
6.3.1 KBRS ITEERE

H T 7K L AR A ERTE . BRI, 7K = 4R SR o] DR A Mie 3 i
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ITiHHE . AR T KRR E T8 SHDOM 257 cloudprp.f

mieindsub.f S ME . BT

BN S HUNER 6-6 FTs:

® 6-6 KB RVETH R A S AL

Table 6-6 The input parameters of the radiation characteristics calculation of water cloud

IR &t

‘ WA TR A MR (4
e — m
R T I 7 B 6280

3 76 35 g S K UL A N A 748 B
231 B KT G WDy 47, L A% s i

. . o FAMG AR, WFHHRA o Ffl v HXF
TE 4> AT bR BU6 B I AH 2 S 8
oA, WFEHAN Ino fl v
BROCEZBE . EIRE Ml

AR E XY,Z J7 RS S, XY

= JE T K E TS 25 K, 2 J2 1 1 B o0 A f
ERREEE, MRS S EKE
NI o 2 S K E SR B SURLAR LA
VAR RS ”
" Bty A U R 20T B
43 R U R 5L

=2.97x107* x ACH020 {14
B R AUR IR L A RORLAE . O

R R A
R
» G T A, L R Hy
SRR T A .
L R IF 10 A TA
o e KR SO PR LS 1151 8 FE
(8 77 110 £ 4

A SCAETHHOK 2 (R 48 S R B R AR A A iy, 20 e X 1 LUK RS A
KKz WK s (Bl PR R T &8 2 NIRRT K =
AW R IR T Kz, A W R X IR RO T K I R AR R
AN B S R X RIE IR T I K = e X TR 6-6 AR IRKL 7 3 A i) 2
HnzE g A8 (0.55um) . HRCEARSE AT I SCHR[ 15612 R i (B 3R 1T, Do B
RIFWATL 6.2.2, %, IHHEBAKAN 3-5um B, 2 A5 S0E BORE 5~ A0 4 7 24
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SIRIRRLT B SCAE AN N 3% 6-7. 3K 6-8 T2 45 th -

R 6-7 2RI T MY TESEL

Table 6-7 Physical parameters of rural type aerosol particles

S ERAR AR FeEE L (0.55um) R EE (3-5um)
ST B

(km)  (km™) (um) 2 i S it

0.425 0.121 10.033 1.095 1.532 0.0116 1.308 0.0159
0.470 0.109 10.033 1.095 1.532 0.0116 1.308 0.0159
0.555 0.094 10.033 1.095 1.532 0.0116 1.308 0.0159
0.620 0.084 10.033 1.095 1.532 0.0116 1.308 0.0159
0.660 0.078 10.033 1.095 1.532 0.0116 1.308 0.0159
0.725 0.071 10.033 1.095 1.532 0.0116 1.308 0.0159
0.810 0.061 10.033 1.095 1.532 0.0116 1.308 0.0159
0.825 0.059 10.033 1.095 1.532 0.0116 1.308 0.0159

*® 6-8 T BV KL T I S 4
Table 6-8 Physical parameters of city type aerosol particles

mE O ERAH AR P FeEE A (0.55um)  EEEE (3-5um)
(km)  (km?)  (um) - S S ST T
0.425 0.745 0.1 1.095 1.582 0.0981 1.511 0.1197
0.470 0.643 0.1 1.095 1.582 0.0981 1.511 0.1197
0.555 0.517 0.1 1.095 1.582 0.0981 1.511 0.1197
0.620 0.426 0.1 1.095 1.582 0.0981 1.511 0.1197
0.660 0.377 0.1 1.095 1.582 0.0981 1.511 0.1197
0.725 0.311 0.1 1.095 1.582 0.0981 1.511 0.1197
0.810 0.250 0.1 1.095 1.582 0.0981 1.511 0.1197
0.825 0.240 0.1 1.095 1.582 0.0981 1.511 0.1197

HI%R 6-7 MK 6-8 ATLAE M, 2 A A JBORE 5 PREAR 22 LU 3 T R S0 i
ARRPNEE TR ARy VAR RN B~/ B35 -/Ne R NEAT R R7c iy VA R
M IR I DX AR IR 1 B TR0k A8 A0SR AR A1 -5 9k Tl BRI PR R T Ok
RUORAR AT — B0 e % HON S 105 P s ) 45
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I ZRVE Tl K2 T i 22 i 0
AR, RERRFHREE R, SRR ALIE R, 8%
B, XA AR R AR AOE E AN KT REE AR . B KRR E, 2
fFaXF T IEE G ERE — N 0.05) N, ESETRARREM NREE M
KA FHERIRAN Eir C/NER R EWER) B KKTPEER,

H Koschmieder &8 AT 1, K HE WAV, 5 AR E SIS R I8,

Vy=Ine,/p (6-9)

e, AFFR HARP LU BRAE , Rom B BT ZEHHR M H AR A AT I A 28 5 0

Pl X T e, MEUE, EFRRATAHL (ICAO) HEFEIIHUEN0.05, HASRAH
41 (WMO) #E# HHLE #90.02"),

I RES, KRABEMERE 10~20km, 1147008 KAE, ENETKE)L
Bk, 402000 45 4 A 6 HILm AR KA, AEILE FEE 100m 441,
A (6-9) T LLE H b A4 58 R A S I 1Y) 32 803 00T Ak I R B 32 98 R 4 )
JUB . fEARSCRT I AR R AN A G /R XA R 1) 7K 2= 46 5 e 1
SR, B A2 B R AU 1R S ek R OIS RN 2 R E) 100 £5, B R
6-8 HHIEI R EY K 100 £, MBERKT REIER. LB HHESHNS
WG ZR VRS XA IR 1 1 2 5 [

6.3.2 HHEERSE S
6.3.2.1 IHEE KN 3-5um B HTHESE R

B Mie PR THE TP KIEENY 3-5um B HFIAFERBFIK S (a Wi
Kz, by A MBI FIIKE, oo AT SERKFHKZ, d
AW RIEH X SRR T HIK =, e WARRRRAN, &R REM X HER
BT IR D I SE 0 A O S IR, THERLSE R 6-2 A1 6-3 Fror

| |
Bl o 1 2 3 5 10 20 40 60 S0 100120140160
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6-2 TR RAUK &k RE LA (as K=, by SH ZHERBRKEFHIKE,
o HAHBM A TFEERTHIKE, dv FHEB/RERXFRATHKE, e WERRS
I, & R XS OB F 7K =
Fig. 6-2 The comparison of extinction coefficients with different types water cloud (a+ The
water cloud without aerosol particles, b The water cloud with rural type aerosol particles, c+
The water cloud with city type aerosol particles, d. The water cloud with aerosol particles from

Harbin, e. The water cloud with aerosol particles from Harbin for sandstorms )

W 6-2 Fa BRTRAUE . WKz IR BN oA S & K= A6 1A
i RAE A B, IR ARE S EKE R IE I AR XFE a B b BT LA
B 2 MR BB TN K 2 R S0 AR RS 3 1K = (i R B, X R
e R 10 T 2R R K ) S el AR S RO O 1 R T D AR B AN, T

- 109 -



W RV Tk K2 T2 2 i S

SRR 3-5um I ORI R R AR, BRI, SR R T K = 5
IR BGEOK = WA R ER IR . T H ¢ BT d BEATRUE Y, &AW A
RN T S5 A W RV DOV KL T K SRR IR RS & H 2 M ARVUR
KL 3 D R B AR — B e BNV AR Z RN, EBRA K 7 A1 1
DI, AR ORI 8 R R AR T B A, HJE T 21 T A 30 R B ok
BN, X E B WD AR FR RN U ORI B O, AR ROk T
HIZE g R K, JFHHR 6-7 MR 6-8 WTLLE Y, A EORL 1 I 32 i R 2 b
% e LRI RE T g0, BRLE SO0 JORE 7 PR 6 D 28 807 5 L ) 2 B /N B K Y
oA
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X/km_‘

K 6-3 HFRAK A RIERFLE (as WEFRKE, by A 2N RBE RN FRIKE, e

EEWMTHRIBERKNFRKE, dv &8 WB/RELXSERNFRIKE, e WARRERSN,
FA M RIEH X SRR T K =)

Fig. 6-3 The comparison of albedos with different types water cloud (a. The water cloud

without aerosol particles, b. The water cloud with rural type aerosol particles, c. The water
cloud with city type aerosol particles, d. The water cloud with aerosol particles from Harbin, e.

The water cloud with aerosol particles from Harbin for sandstorms )

W& 6-3 t1a BT LU, S 7K B RO AR A 0 R AT BAR 1) Be R AN DN

B KR AT B IX K = RIS 0. B b o, & IR R T K = B
Y B SR 2R 00 S I R ORIRRE 3~ A0 08 ORE 7 B R D 5 B ZE
FHC OKFRLT AR BN 5 AR B AN Z W 8 3B 7K 73 A 1 X3
S AN R IR 5 (0 S R . X 3 BUE A KR 0 A XU, b B oK
I RBERRT a B KK IERK R XEE b B ¢ BIRT LA, R
AR T, EAERAKE A XIERN, &8 2 MR EORT 9K
B S R B KT A WO B R R T R R R R, X EER T 2 A
gy AR RIS Y €K Gt <5 N a7 4 0 PR O W NG R 2 7 A R Y D)
KWL B EAE ], ANRLFX BUR 2 RTINS 2, IX— 4518 5 SCHR[156]
MI4518 — 8. TXTLE ¢ BIAT d BRTBAE Y, BRI OB 1 1 3 082 BoR kL 4%
OrATARIE, (E H S 2RV DXV JBORE 5 06 2 3 B Rl 7S EE T R R RO 1
[ R BB 2L /0 TR N RV b IX I JRORE 5 (10 TS 22 56 T 3k i B =0 JBORE 1 (1 15
U, SO RV DX IO A S S 3 Rl i B RO TR 1 R B R AR . X
tb d AT e BT UE R K A 1 XU, AR R RAEARDARRR
AR BRI SRR AR R (35105 0.486), X EEL R B TR ROk T 1 i
REFWBRFRRETE R, RETEERK. Kt EEEH R, mAH
THE AP A2 2 RN 5 AR YD A 3 R B IR RO IR R B AR . KT LE b
cv d e B, EEH AW DAMN XA, &ATHEBHRTRK S LR
AIEEA — W, X T 2RO T B R O AR AR A, B
S JER IR R A A A
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6.3.2.2 HEEKAN 8-12um KT E S R RO

N Mie BRSTHE T KRN 8-12um I _E3R TR K 2 1) 38 i 2 $0f
FER, TR RE A AT TR A K RSO AKTRRLAR A A R TR B S K YE N
3-5um MAHIE, 2 A B ASE ORI 7 IRTT AL SV ORI SRV - XU IR
T LA b A2 B R AN G SRV b XA IR B 3 A S R 6-61 6-7 I 6-8
H 3-5um ISR OB 7O H AU 0 8-12um I DGR . TS R
6-4 P 6-5 FioR:
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Lh
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LA

X Am
6-4 TLRPRAK &k REELEL (as WEHF K, by SH MBI TFHKS,
o HAHBM A TFEERTHIKE, dv §HEB/RERXFRATHKE, e WERRS
I, & R R XS IR 5 7K =D
Fig. 6-4 The comparison of extinction coefficients with different types water cloud (a. The
water cloud without aerosol particles, b The water cloud with rural type aerosol particles, c+
The water cloud with city type aerosol particles, d. The water cloud with aerosol particles from

Harbin, e. The water cloud with aerosol particles from Harbin for sandstorms )

HI 1 6-4 FTLAE H, tH SR TE Dy 8-12pum () TLAN AN R SR AL /K 2= ) S0 3R
OGPV 3-50m WAL — 2 WECE B3, BERVEREDY 8-12um
I T Ah AN [ R AR 22 B R S ek 38 205 B Y D 3-5m I T Al AS [F) R AR 2= 14
(1 Uk 2 A ) BB AR Z2 /0

o: 0 0025005 01 02 03 04 05 06 07 075 08 09 1
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Z fJan
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Z Jan
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0.5 1 1.5 2 25
XN /an

(8]

3.5

Kl 6-5 TAMRAUK = R LEL (a RAKZNEHIKE, b RKIKENER 2 MR THK
KLy HIKz, ¢ BAREZNEHWA R ERALTHIKZE, d RKENEHRIRIERXSE
KL T HIK s e BRI AR 2 RN & A e 2R V5l X008 JIRORE 1 K )

Fig. 6-5 The comparison of albedos with different types water cloud (a. The water cloud
without aerosol particles, b. The water cloud with rural type aerosol particles, c. The water
cloud with city type aerosol particles, d. The water cloud with aerosol particles from Harbin, e.

The water cloud with aerosol particles from Harbin for sandstorms )

B 6-5 \TRUEH, tHEBEKVEE Y 8-12pum B FAh AR SERK 2 1 S ]
REPARNVEEDY 3-5um I AL — B ERKIEEDY 8-12um I Tu A [F
FEAL KRG ATV JRORL (0 B MR AEL /N 3-S5 IR AOEL, 3 2 i DR e K Vi
N 8-12pm IS 7R A1V JEORE T A IR 8 HIOK T I Vi D 3-5um I (1R AL
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Table 6-9 The infrared apparent transimittance of five kinds of water cloud in different points

for the wavelength range 3-5pm

frE a KKz bEK= c KIK= d RK= e KKz
x=0.77 0.999 0.986 0.991 0.994 0.767
x=1.60 2.706e-3 2.619e-3 2.669e-3 2.698e-3 1.968e-3
x=2.65 1.532e-5 1.486¢-5 1.513e-5 1.527e-5 1.148e-5
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Table 6-10 The infrared apparent transimittance of five kinds of water cloud in different
points for the wavelength range 8-12um

e a BK= bFK= cKK=A dFEK= e BKk=
x=0.77 0.863 0.841 0.857 0.859 0.564
x=1.60 4.791e-3 4.599¢-3 4.754¢-3 4.768e-3 2.973e-3
x=2.65 1.291e-5 1.243¢-5 1.282e-5 1.285e-5 8.301e-5
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