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Estimation of Microwave Properties of Snow Layer
with Microwave Radiative Transfer Model

Yasunori SASAKI*?

Author has already reported that microwave emission from snowcover-sea ice system 1is
highly diffused due to multiple scattering, and the scattering process is quite different from
that of pencil beam incidence by single snow particle, since only backward scattering
contributes to attenuation due to the symmetry in propagation process of diffused radia-
tion.

This microwave interaction model enables us to estimate microwave properties of snow
cover on sea ice such as snow depth dependence of brightness temperature of snow cover
surface and absorption and back scattering coefficients. Even the radiative transfer
process in the snow layer can be estimated with this model. The estimation of the
microwave properties of snow layer showed very reasonable results comparable to actual
observation.
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Fig.1 Snow depth dependence of snow surface
brightness temperature at 6.7 and 18.6 GHz. at
normal incidence.

MoT, BE, BRINE SICEEKEESS 5, £ T,
BELRES & URIEEIC LT T o EEER %K
ET bo

s(186GHz) [ 18.6 ]"“ (7)

s(6.7GHz) L 6.7

k(18.6GHz) _ [ 18.6 } (8)

k(6.7GHz) L 6.7

(MAB LUQ)Kic, EARDOSBLUKDEAYTIED
5 &, sB UKD BEEBIKFEHERmMB L UOnidLIT oD
EIOCREE NS,

m=1.43~1.92

n=0.85~150
Llchs- T, EEOEEEY(GH2) B 5% FHELFR
B L UOBIBREIZOAB LUV TEZL 5N 5,

S(v) =Se70Hz- (V/6.T)" 9)

k(v)=Kkecn.- (v/6.7)" 10
QR B L VR X W HE L1, BHEEEHS L 0K
RBOBEEEGHEEZRLICDDMBK 2 TH 3,

¥, ORickEISNB, +OFEEORXNES
BoORBERIR, sékrAVTET WD LS5,

59



—
=
=1

10 ~! —

1987

—
=
i

L]

—_—
o
I
b

Absorption and backscattering coefficients (em™")

10 20 30 40
Frequency (GHz)

X2 BINFREE R BELRE D B REEEH
Fig. 2 Frequency dependence of absorption (—)
and back-scattering (—-—-) coefficients.

—

R —[s®) 2s() +k W1 =k @)

T (s (@2s() +k T+ K )
_[a-v"+11"—1
[@-o®+17"2+1

(1)
ST,

a=0.142~0.182

P=0.0335~0.422
Thd, LT, H33IRNicXv#EELL, REED
BREKEEARLEZODOTH S, WRICXZHEERZR
i3, Matzleb DFEREFIEBICLLL—B LTV 5,

X 5, EEORBIC BT 2B HHEREE L UK
IREDBORB LVWRIC L VEETEX B0, HED
BRI B TERORE OEFERE OEERE (1)K
WEOHMETX B, £#TT, 1| ~40GHZHICB 5HEH
RAOHEEREDOREEREREZ TR LI bDONH 4 TH
5, MahSHLPE LI I, TERBMOERERE I,
BB BE I EEEI L TCEBETH 5, 2L T, &
BEA10ecm Pl T O FE O B 13 B HEEH520~30GHz D
i 3 EEZEZLoNE—F, BE 1ml LOoEED
B 135~ 10GHz O &S ET 5 ¢ £ oh5, £C
T, ChiHET -0, EFICHT 2EEEEDIG
ERE, $10bb, BEIONT 2EERE OMBREER
L7z D0K 5 TH3, KshoHLrHELIIC, TS
BEMNEVEERE, SBVARRISEERENLEL
B, FEEEE & HIEBITEL LY, EEN 1mPlEi
BAEBEABBTIRIEZLEAERELIEL 155,

60

0.12

0.10

Reflectivity

S

=

!
I

oL | |
5 10 15 20

Frequency (GHz)
K3 EFNcXOHERE L 7o R B kTS

Fig. 3 Model estimation of frequency dependence of
reflectivity.

4 % W

(1) EEEKOEEERER THEOEELE L HICHF
¥ind %,

(2) BERADOEERERX, RAEESEVEEEED
ZlbicBURTH 54, #ic, BEE EEVWIRE, <
1 7 0 EEEEOHEEH I EHmICET S, TO
fo¥, REREOREZOFMANC IEVEABRMSEST S
A, KEEORESOENIC JEVEBERSET %,

B) =47 oEgiEEF/EOMEBIERMREIE, R
EEHICHEFICEML, MBAME bME/IMEDS 730,

(4) KPP TRELERHEFVBEZ 3 KERD
WEEMIE, BEEEESCHAMNT 204 TH
50 i, REPROHEREMIZ, ChETicMEEHL
TLREENELFRICBO—EERL T,

BEhHhYIZ

ek EOEFICRS 9, HEK EOREE OBHENIIC 3£ <
DENIBEESHTELY, VE—bE2vyYy v 7ick?
Bll, Blc=A 70k vAr2 v ick s8Rt &
FlT sEHRED L TOZ (/L DIHRA EELH
RENTE, BEOBREBL IR, w17 o0H
LEEREOHBEFHAEERALE HET 5100, B/S
@O A 7 o AERETAINEND D, TDHEE
LT, BMEOFBEREZMAEL, hzd & icdsHE

JAMSTECR, 32 (1995)



TE5hENH B, LrL, TOHETR, Bk o5 E HEE) L1857, KEOHMBEEOMEPRELT
ERILZRER OB, WMEROYEIESIIH] DELCRBREEZ I ERESH 0 RN, £

(K/cm)

8Ts/ 31

Brightness temperature (K)

260

250

240

230

220

210

0 5( 100 150 200
Snow depth  (cm)

K4 SEEEERECHESEED X URREICKT 5KFNT

Fig. 4 Depth and frequency dependence of snow brightness temperature.

1.4

g 306

1.0

N

0.8

0.2

SGHz

: l I | | - SRR =Sk ____: ==——-_____
1 2 ) 10 20 50 100 200 500 1000 2000

Snow depth (cm)

X5 WEEEEEEOREZTEEZ/IIOTTIANERE (T2 oA 5 GHz 630GHzE T 1GHzI &)
Fig. 5 Snow depth sensitivity of brightness temperature (5 to 30 GHz at every 1 GHz from top to bottom).

JAMSTECR, 32 (1995) 61



DETI, TOHFEDL I, BHHTORE OEBERIE
P OBYIMAERTET 2 L0 AR, L HEBOREK
HILTWBEEZ B bEINKE W, 12721, HFEELT
SR T REMENSZ 2 H D, SRISIEHEER
L, B3 208 NH A9,

253

1) Ulaby, F.T., RK. Moore, and A.K. Fung, “Micro-
wave remote sensing, active and passive, vol. 3,
From theory to applications”, Artech House Inc,
(1986). pp.1478-1517, pp. 1597-16486.

2) Kubelka, P., “New contributions to the optics
of intensely light-scattering materials. Part-17, J.
Opt. Soc. Am., 38 (5), 448-457, (1948).

3) Yamada, N,, and S. Fujimura, “Nondestructive
measurement of chlorophyll pigment content in
plant leaves from three-color reflectance and
transmittance”, Appl. Opt, 30 (27), 3964-3972
(1991).

4) Sasaki, Y., and I. Asanuma, “Observation of the
heat flux between atmosphere and ice sea”, Proc.
Int'l Symp. Japanese Pacific Climate Study, 143-
152, Tukuba Science City, 19-20 Oct., (1989).

5) Lohanick, A.W., and T.C. Gremfel, “Variations
in brightness temperature over cold first-yvear
sea ice near Tuktovaktuk, Northwest territories
", J. Geophys. Res., 91, C4, 5133-5144, (1986).

6) Comiso, J.C., “Sea ice effective microwave
emissivities from satellite passive microwave
and infrared observations”, J. Geophys. Res., 88,
C12, 7686-7704.

7) Svendsen, E. K. Kloster, B. Farrelly, O.M.
Johannessen, J.A. Johannessen, W.J. Campbell,
P. Gloersen, D. Cavalieri, and C. Matzler, “Norwe-
gian Remote Sensing Experiment : Evaluation
of the Nimbus-7 Scanning Multichannel Micro-
wave Radiometer for sea ice research”, J.
Geophys. Res,, 88, Cb, 2781-2791, (1983).

8) Hallikainen, m.t.,, “Retrieval of snow water
equivalent from Nimbus-7 SMMR data : Effect
of land-cover categories and weather condi-
tions”, IEEE J. Oceanic Eng., OE-9 (5), 312-376,

62

(1984).

9) Kim, Y.S, R.G. Onstott, and R.K. Moore, “The
effect of a snow cover on microwave backscatter
from sea ice”, IEEE J. Oceanic Eng., OE-9 (b), 383—
388, (1984).

10) Gloersen, P., W. Nordberg, T.J. Schmugge, and
T.T. Wilheit, “Microwave signature of first-year
and multi-vear sea ice”, J. Geophys. Res., 78 (18),
3564-3572, (1973).

11) Okamoto, K. R.K. Hawkins, and C.E.
Livingstone, “Remote sensing of Arctic sea-ice
by the microwave scatterometer and microwave
radiometer”, J. Japan Soc. Remote Sens., 3 (3), 17-
42, (1983) (in Japanese).

12) Tiuri, M., A.H. Sihvola, E.G. Nyfors, and M.T.
Hallikainen, “The complex dielectric constant of
snow at microwave frequencies”, IEEE J. Ocean-
ic Eng., OE-9 (5), 377-382, (1984). |

13) Matzler, C., H. Aebischer, and E. Schanda, “Mi-
crowave dielectric properties of surface snow”,
IEEE J. Oceanic Eng., OE-9 (b), 366-371, (1984).

14) Hall, DK, J.L. Foster, A.T.C. Chang, and A.
Rango, “Freshwater ice thickness observations
using passive microwave sensors’, IEEE Trans.
Geosci. Remote Sens., GE-19 (4), 189-193, (1981).

156) Cavallieri, D.J., S. Martin, and P. Gloersen,
“‘Nimbus-7 SMMR observations of the Bering
Sea ice cover during March 19797, J. Geophys.
Res., 88 (Cb), 3913-3919, (1986).

16) &4 KR{RTE - BEREAR, “WBKEESZO~ 70
B mEE 7 VOF B LFEM", HR) -+
vy v JERAEE, vol. 14, No, 1,pp. 3~14. (1994).

17) Sasaki, Y. H. Nakamura, and S. Fujimura,
“Depth dependence of snow brightness tempera-
ture on sea ice,” Proc. 1993 Int'l Symp. Geoscience
and Remote Sens., Tokyo, Aug. 18-21, (1993). pp.
331-333.

18) 142 ALREE, “WKEDOHEZD~A 7 oz
=T 7N, JAMSTECTR, No. 32, (1995) (in press).

(FFES2H - 19954E 5 A 8 H)

JAMSTECR, 32 (1995)



	マイクロ波放射伝達モデルによる冠雪のマイクロ波物性推定
	はじめに
	1.理論
	2.データおよび観測
	3.結果および検討
	4.結論
	おわりに
	参考文献


