7% ¥y *x | B o= Vol.7, No. 4

1983 £ 12 A SCGIENTIA ATMOSPHERICA SINICA Dec., 1983

KFHR = Xk = HE A B IR
81 L

(PENZEXSHERRR) (EERGARARERD

F: -3

AXBEABAFEERBEH BB Z0OHN, BT AT & ARELERE B IER B ik
BT, " AT AR, hHTHN Y Logeadre 2MARIRALREMRZRET
R A ERMEANIE N BB A S frEl, B EEBERITY) Henyey-Greensicin
ARET, HERRBET B SAHRAER, XhRAXHSZITET ARERNUERRL
ShAERE TS S0 R S B R R R RSO PR A, 8 R TR
B SREEH = SRR AR FES S0 A TR, RERkRMRERME
EEMEEEEEEER, AR EANE RS TLEE 1%, 5—HE,  TLIMERTTE, A
AR MR HEHEE A BESEN, ERKRARMREIC/ENERERS . ER
ERHR, RN RATRRRESEE ARy —MERA T, RS TRBLMEH
EWeZHARTERRET ERORIE.

S

B 5 THE N BRI AR ER RN TRSARNES PR EENE
. AN TR FNEREEREESsRAESS 2 MRILRANK &R
BB, B0 Liow, 19732), BT AEFHEH CRBRELBRENBH I,
{BF:, Weickmann (1949), Heymsfield ¥ Knollenburg (1972} LA Heymsfield (1975)
T AN TEENEESHRARHARRZIEXEZE, KENERERRER, T8
wAER, EIOKEZATEMR, Jayawera R Mason (1965) W5 TRk HE
B, R R AN ERSREZRAT 1, WESEENREE T ELRE S,
BAFKERE, Ono (1969) MMA R, RRkRETHELE S, HRPET T H
W, SRk E TN KR TR EA. AR Plaw (1978) Y E &K G 20 W
EiES TEFR RN RN, FiE a5 BT %R AKF i AR A
BTk REER SR, XK, Stephens (1980) FIA Liou (1972) FTRBAME
HEERTE A T MO G HE O B L B KR BRI AT R AU R R AE 1 T 04

A T 3T 2E A ST T PR LI T A T 7 = 4 2 ) AL 70 A9 7 ek B A SR R AT
WER. SoANERSBRURA R R YL T R BO R S T,

19634 4 B 25 BB HOA.
. XTRIEEEREAEIRFERE,



41 HiglhF: K EREM KBS SRR 357

R R R A RARRS R, E=TTRE S R KRG B BRI IME ST
BRBFTEL R, T 4 T ERE LI 0 R = 4 2 M AL Bk 8 SR G 8
MR ERIER. BIETEEENALILEEESR.

= BHERTEMREREAHEN

B2 TR TR R B H A SRS T A SRS T 5, fiE Sk TE
HTARERNBIRIAR, BRiKERANERERTEANEHERIRSEY
M=FRANN TRREL FORRERTBERAR. TR R0 T (R B
PR ) EHARBTEAEE AL, WX 74 & B AR E o o Rk
BT AHRTA DR HEESASHHHRTATX. Y FHESEHERE &4
MRS R BT RESN (Liow, 1980):

w0 (100 + L [ (WP D1, i + Gy ). (D)

Beat, AR, RIVER T HRESHRE RO TR, EF8 (1) d, 4= cosd, 691
WRINA, « HEEIT A LAOEER, X304

u - E:ﬁ(z')d;' (2}
b AR TFIOREE, BETREs FALESE, « SRyESREZNTHR.
S, ) REFBHBERSLEERN,
By () Blpss woyexpl (o — w) s, 3 TFAMES
SCa, p) =<4 (3)
fofu) — a(@)1B(T). T FHBRAT S
Bt p ARRTR 6, &3, F AERSHRAREREGE, B(T) YEHTEN,
4 i S 3 B MR BB 36

— zl .
Plus i) =2 |"Peef2, o i, B0)a0g 4
n

TR EH 60 0 TP (g, '), B (1) BILLHS A EREX 28 (Bl i1, £ 0 Liou,
1973b), {E2, MRBE S RIARRE, BANT R S BILRAKE THS 83
PRER RN, S LB FREREH S RS EYNEE.

Danielson & A (1969) EAR R 6 MBI H =W ER TN, B Henyey-Greenstein 18
HRETHRE, HETRNEHESH Mie BNEREZTRRENELERE %
HE, REXFHHEEKETERMANTEE T, Henyey-Greenstein HEBATRITE
B,

1—g° -
P(8) = {1+ g — 2gcos @) (53
HeP e X8R, ¢ AANKREERT. BRITEE, LR0HE R TIR BRI SRR EE
T R b, dAh, BRAOVRRE T ERELER Mk F AR A BT REA




338 ' X % B ¥ 7

HRM A RENEECTRUFE (4) MR A (5) RFILIHTES r P AR ER. B
BEBAHBRE P(u, o) (RN o TRARBASER, CHH G EOEFSR, B
e B AR TR — gk

L | PG 20 = 1 (6

F FEEACEE NBRMLBIR MUK R T i S ful S 8 e 00 A8 R RT3 R % 3T K
FERMERE, 8 o(~p) = o(n). FEXGEEBTLLRER Legendre EHABEH M
T

alp) = o + 2, aPi(a) N

1=

Rt o, HEL FE S 2 FBALBUAIEKR TS 23, Ale) % 1 Bt Legendre 3 1
o o HRFARE. WRABRBEAIAGHHEHR, BITTLM o, LRAN T BE A EE
BY on T ;. RATRH Cai Fl Lion (1982) RSB LR IRBR LA B 3R 5 B #%
K E= SRR G TURE RS ER A MM 0.55 HORRT 106 BORFHA & I
A AL RE, ATEEERER 300 Aok, BEEARR 120 #0k, TEERELE 1,
KRB E LIRRE TS BB B4 131 F 1.097—0.134i (Schaaf F1 Williams, 1973),
B FRAAkR 0.55 Bk KR RAr#a.

1 REEFSIELANNSNK
ok Wk (L ExD ' okt (L0—E0RD
e e PR - o

0,55 5.6527 6.5795 1,2288 5.6527 6.8795 1.2288
10.6 5.6527 6.8795 1.2288 2.9991 3.5177 0.5186

=51 [

HTAEEELEE FRER B L& G, EEMNEWTHRER, Tifs
FEIH T LR A i, B
I(uyy ~p) =0
{I(b,#)-o w0 (&)
b, AR R EEEEK.
- R THROCAERER. RINEEERSHEZ M REENAS, ATHED SRR
S R L A 20
(s, -F) -0 (9)
J(0, 1) = B(T.) _
Hop T, 0 THRERE. FIAS). (9) aRGTURSBELRERRENERTE (1),
Liou (1973) BEEbB MBS T RENMKRELR, HERATRST.

= 0% %

HERITHSH AR BN EREROH SR, BEEDK () TGRS



+ 5 BFAMEE, AT BRI vk 50 B 54 i B 35%

H () BIE NI .
) = F(z5) g Fn} (10)
#{po) = F'(z,) [ Fo

Ktz 2, FRFREERETEE, wF SEBETEERT = B A HX &R,
F'(a)s FYs) SRR ZEMETRL A A TR L8 ER. 28 Stephens (1980) FIE
H, BRIV ERMIIUATA T R EE A BB AERE T 350 0.0 5
0.85. '

WSRO S

A2 QL 85um
0.2 ,;f =0 F

1 L 1 L L
0.2 b 8 0.5 1.0 L2 1.4
EARR 0w

Bl ZHENESTgcln AR BR RS EMBE LR RAEL

B 1 ZRERTABARANL T ERESEHEELENT L, BRREDLEN
B EELT AL, R TR R 1 LR, X Sl BB Y 0.05
BTN, B 1REENMETZREERY 0—28 28, REFXFERY 0—26. B
P TERETFRARE TRHAREER, HETL,MESER LENEZ, Hls
B E AR, EREEZELENEN, HENEREREDT, #F w—1 O
B, YBEARAT 04x10' R, — AN ERESERT =82S 0EE
BE, MAERKNEE EFEHEIRERNEERE. ZERATEAMEEARA
HEY G = 1), ZHBHSHANTHENNEABEEATZ8ME (BLxD. Bm
YUEXHRTMARE o= 028, ZHRZEANEIE-FHAT=4 AR, XEEX
R E, YRR AAN S ZESRE—IERE #* = UV 3 CEXR T =%
Legendre £MAN—MFRD), “HMIE FORERENTZEBAETF. ZRALR
ABEERNE R ERERZE=NRREHZBOGY, ATSARKRTX. HE
HEEREEES—SH, AHEZRR A EL RSN, BAXRESERILE L
ZR TR REAHE R AT N SR I ER FHET.

PERRENARAMAZETEZHERENRNENRERHER BN
fo. B LE RSN HRSAR A EELE M. mEE, SR
BT ABEXTEA. Y p=1 B, ZHBENE TR ERRBIR TR R ESHRME k.
Wl 2 Fa, ARHRRARHENENHEELERAMEN. ST 222808,
WENBETRE 8%, W pm—0.5RO020, AENXRHARKEY. EREN



360 x = # ¥ 7o

R RORE 1)

{ L !
q 0.2 0.4 0.6 0.3 1.6 12
EEE'&“U“CM-Z]

M2 BN ARRRE R ENERE)HEE R KT

HIRE 2 o = 1/ 3 B, SO0 S RBE 345 (A0 _E BT R RE ALK 10 B TRAR TR, IR el F % 0
ﬁtﬁ#ﬂ@?ﬁﬁ},ﬁﬁiﬁﬁﬁﬁéﬁﬁﬁﬂa‘ HRMEE— AL

EMAMIFA T RN SR ARSI IMER SR ER, HEEET,
WEREE 300K, REBENY 237K, ZHMEIN T REE A S EERORSIE -
Sy R 0.8 075 o

T RSB BER G, RORER R HRANEERLEM T,

gf = FKz,)f_:rB(T,)} m
- I = Fi(z)/ Fi(zs) . .
Heh Fl(e) XN EMHHOEH ER, XTI ERASETF=RSMARY, 5T
KESRELX. Fiz,) 1 Fi(z) HILHR TR BN TS BBy Bl X—
BoBRPRETHE, S=ZHSHRRELX, Eﬂbﬁﬁ]ﬁﬁzm‘lﬁﬁﬁz&x#%ﬁ%
!EII:‘:‘—‘ﬁ B Fi(zs) = =B(T,).

3 kB TR TRARATEZNLAERBEEMEN B EELRBOE
k. "Eﬁlﬁﬁﬁ’z‘:ﬁiﬁﬁbi&iﬁﬁ&%j‘ﬁﬁmiﬁmwﬂﬁeﬁm. T 2ABEMEZ,
BERELECDSR/DN, RBLAEH AR BARE. ANRNEEIZHEETE
ZHANEREHE (R =1 — ¢ —J) REYHRF% ., BEHETARKENHEN. 5
HE. AR REEWER RN REELCER R IREN, BEEH - E, ik
HEFT_HN=FL |09 093 M0.96, KENARRBEEZNIIERE
BRI ERIE 2—3% HRAERN.

B0 FHBRA MBS DN ERT S . AFERENA R TR, SRR
BESRRIFHEREEHET R ASER SN F . TRER(DMETLL LS %k X
&%%ﬁﬂhﬁﬁﬁbﬁﬁﬁﬁ(ﬁﬁ*)%ﬁmﬁw BERNERNBREET ROE X I
s

s{p) = Ii(z,,n)fB(T.,) } ()
J(F) = f’(z,, ,u)/f'(z;,, F}
Kt (e, p) RAETFAANBPO R L EBHER, EHATER 5%%2{510



+ 18 MBS, KERE NS SR E 161

ARAUE .

: L L L
a2 0.4 0.6 [X] 1.0 1.2 4
iﬁﬁ‘&ﬂo‘ :m-?]

M3 —#gf=mgssmfa iR NEmAIRHEE Rk Zt

YT T
RHRK0 D)

M4 CEnsSHRlRe kK ENEE AR NS SR EL RN

1zps )~ Ba, ) BEIRM, # HABE R AL AORHBE, ERETH
EESRE. B9 ATA, Uz p) = B(T,) -

B 4 FoREH FRETIERA T RE R it AR K EELENEL. BRENN
FhABSE 3R, ENTRRERANBECRNENREEES, ERTRMNE
MBATEBRHEZNEL XY RREEERNRHERTLEE 104, BRERSIRA
LEMRNEBER. REX—PRERTA, RENRARAY THLERBESE
BEENAT RN, Hifd THAZRR bR IR RENEZ0H T
i, 75 B8k 5 RN B L B3 vk B A K SR B AR

mw., & ®

A RETE=SEZRDL REAE EAMLRAMREN FRBH ERER. —4%
MR FHBEASREANBHORTATX. REZRE=#ANRH R TESE
WA FARRE , £ S0 KRB AT R A KR T e R L RE L Ay



362 x g # = P

A PR ORI T KPR B MR AL S MR B B AR BRIk B T ROBR S e i, T
THOFREEHEN ERMRAER, SREN, BN FHRERIR R K0 5E 5
RERAERNER, —BKHE, SAREHEAHYN, AFHEANEREZH&N
B,k 8%; AN ARXMATEENS S HTEREHOEM BENERA L
BF, MTLMBRERTES  TRBA0R SR 3B 5 B A A R 1%
BAFTEENER. X—WRERRI,EFIBLMEHARRMESN, 7FLEZ B
i SEE AR .

i, AFFEHERERESS RS BEANE ATME1—09050 BiFITRIEE. &
ZENEE - DEA/NEITEIRER T ERH.

$# # X R

[1] Cai, @ aud K N. Lion, Polarized light seattering by hexagonal iee ecrystals: Theory, Appl
Opt., 21, 3568—3581. 19&2.

[2] Daunielson, R. E, and D. B, Moose, The transfer of visible radiation through clouds, J. dtwmos
Soi., 26, 1078—1087, 1960,

[3] Heymsfield, A. J., Tee erystal terminal velocities, J. Atmos. Sci., 29, 1348—I1367, 1972.

[4] Heymsfield. A. J. and B. G. Enollenberg, Properties of cirros generating cells, J. Adimes.
Sei., 39, 1368—1866, 1972,

[51 Heymsfield, A. J., Cirrus unicus generating cells and the evolution of cirroform clouds, Part 1:
Aireraft obeervations of the growth of the iee phase, J. dimos. Sci., 32, TH9-—808, 1075,

[6] Jayaweera, D. O. and B. J. Mason, The behavior of freely falling cylinders and cones in a viscous
fluid, J. Fluid Mech., 22, 709-—720, 1865,

[71 Liow K. X., Electromagnetic seattering by arbitrarily oriented ice eylinders, Appl Opi., 11, 667—
674, 1972,

[8] Liou, K. N., Transfer of solar irradiance through girrus cloud layers, J. Geophys. Ees., 78,
1409—1419, 1873a. .

[9] TLios, K. N., A numerical experiment on Chandrasekhar’s discreteordinate method for radiative
transfer: Applications to cloud and hazy atomspheres, “J. Atmas. Set., 30, 1303--1326, 1973b.

[16] Lion, K. N., An Introduction to Aimospheric Radigtion, Academic Pross, 392 pp, 1980.

{111 Ono, A. The shape and riming properties of ice orystals in matural elends, J. Atmos. Soi., 26,
138—147, 1869.

[12] Schaaf, J. W, and D. Williams, Optical constants of ice in infrared, J. 0. 8. 4., 63, T26—732
1978,

[13] Stephens, G. L., Radiative transfer on a Tinear lattice: Application to anisotropie Iee crystal
cloud, J. Atmos, Sei, 37, 2095-—2104, 1980. )

[14] Piatt, C. M. R., Lidar backscatter from horizontal ice crystal vlates, J. Appl, Meteor., 17, 482—
488, 1978,

[15] Weickmanp, H. K., Die Eispase in der Atmosphiire, Ber. Deul. Wetterd., No. 6, 54 pp. 1949.



s ¥ EREY%: KEREYN SRR G 363

EFFECTS OF HORIZONTAL ORIENTATION ON THE
RADIATIVE PROPERTIES OF ICE CLOUDS

Huang Runheng
{Institute of Aimospheric Physics, Academia Sinive)
Lion Guonan
(Department of Meieorology, University of Uiah, US4)

Absatract

Transfer of radiation through cirrus consisting of non-spherical ice crystals
randomly oriented in a horizontal plane (2D model) is solved by using the discrete-
ordinates method. The dependence of the scattering parameters on the ineident angle
caused by horizontal orientation "of ice erystsls is approximated by the Legendre poly-
nomial expansion of zero and second order. Thé seattering. phase fumetion is repre-
sented by means of the analytic Henysy-Greenstein funetion with an asymmetry factor
dependent on the incident zenith angle. The model iy employed to determine the
radiative flux properties and the intensity distribution of cirrus for both selar and
thermal infrared radiation. Comparison of the 2D clond model with the conventional
3D cloud medel, ie., . .randomly -oriented in a thred-dimensional space, shows that the
preferential o::ientat'wn of iee -crystals has a substantial effect on the ecloud solar
albedo. The difference in the cloud abledo computed from the two models can be as
large as 8% for a eirrns of 2km thickness. On the thermsl infrared side, the dif-
ference iu the upward radiances using 21 and 3D models i3 also significant. However,
the TR flux emission for cirrus is less. affected by the orientdtion of ice erystals. In
the light of these results, it appears that the preferential crystal orientation may be
one of the dominate factors determining the solar albedo of cirrus and may have signi-
ficant effeets in the sounding of the eirrus composition and structure from infrared
wavelengtha,



