19 2 Vol. 19 No.2
2004 4 ADVANCE IN EARTH SO ENCES Apr. 2004

1001-8166 2004 02-0204-07

730000

SWE
SSM /|
SSM /1
TP721 1 A
2
0
1901 Mx Panck
100 3
England ! Chang : 3 5
1978—
1987 N mbus-7
SMIMR
B ° 1987
DNMBP SSM /|
4
25 km x 25 km
3
1
2003-02-09 2003-08-04.
* “ » 90202014
49971060

1976- . E-mail chetao ns.lzb.ac.cn



2 205
Foster °
1
1978 SWE
N mbus-7 SWE K; K, V19 V37 1
SMMR 1 Goodison Walker 1994
® v 19 37
SSM /1 7 4 19 GH# 37 G K, 2.07 cm
1 K, 0.259 cm/K K
SWE K; K, HI9 H7 1 A; 2
4
1 DMSP SSM /I 2 Chang ° 1996 H
Tablel Summary special sensor A A= 0
microwave/imager characteristics *
Ky 2.5cm K, 0.48 cm/K Ac K,
GH km x km km Ae 10 Ks 7
v 19.35 25 x25 56 Ar 50 K, 0.96 cm/K Chang A K,
19H 19.35 25 %25 56 K, A
22V 22.235 25 %25 45
37V 37.0 25 425 33 Ki exp Ac a B o 1.434 3 0.522 1998
37H 37.0 25 x25 33 Tait ¥
85V 85.5 12.5 x12.5 14 4 16
85H 85.5 12.5 x12.5 14
V19 H37
2 K; 2.64 cm K, 0. 13 cm/K R
0. 407
SWE Ks K¢ V18gne V375w
20
70 V18sw o V375w o 3
1989  Hallikainen 3 ViBuw
32 Y V18q O SMMR
18 Gz Ks
10.87 cm Ky 0.87 cm/K Ks
9.8 cm Ky 1.01 cm/K Ksg
2
5 10 SWE K;  Amuwore HL9  H37
Ks Ay Ta Ky 4
4 Gn® 199
11 12 Ta ATUNDRA
2.1 Ay SSM/I
SWE Ky HI8 H37 / 1 A 5
Foster ° 2
15 Ks
GHz 1.29cm K, 0.13cm/K R 0.754
5 Ky, 0.477 cm/K
37 GHz 85 GHz Ky 0.234 cm/K
18 GHz 19 GHz SWE Ky V19 H37 K,AMBL K3 1 Ac
Goodison **  Hallikainen ’ Ku 1 Ay To  KiTPW 6



206

19

SWE Ky V19 V37 Ky, HL9

KisAMBL Ko Ar 7
Singh 1
6 7 ANVBL
TPW Ky 0.2357 Ky, 0.0064 Kz
4.0399 K,, 0.0287 K,, 1.0825 K,; 0.1680
Ky 0.0052 Ky 0.0028 K,o 11.9938
2.2 HUT
HUT Helsinki University of
Technology
d 0
HUT SsM/l 7
SWE
Pulliainen SPD Spectral

and Polarization Difference

SSM/I V37 V19  Hi19
12
26° ' Ts wr woor V19 Tg rur meoe V 37
To ssun V19 T sun V37
To ror meoet V19 To rr voom H 19 To s
V19 Tyemn H19 ° 22 'd, d C 8
SWE To ror nooeL HUT
Te ssun SSM /1
do do A
o SSM/I

2.3 MSC
MBC Meteorological Service of Canada

SSM /1 19 37 G

15 16

17

1988 Coodisond

2.4 T4
TA Temperature Gadient | ndex

Tgoumg T

TG —Ient 24t 9
Dt
Dt Ta SG
SG Bra a a B SG TG
Mgnard  *°
Tar
Dt B B S6 TA
=—SG
dt
SG
2.5
SPD
SWE a b V H 19 V H 37 V H
\ H
SWE
SWE
12
3
20



207

0.

3 g/cm3

0.35 mm
19
SD 1.59 x HI8 H37 10
20 21
5
Chang
SMIMR
SD 1.59 x H18 H37 8 11
2001 z 10
SMIMR
SSM /1
2002 Armstrong %
SSM /1 NOAA AVHRR
10
SSM /1
3.1
40
GHz
24
B
1
19 GHz 10
cm 37 GHz ®
1986 Goodison *°

K Neale

V37 H37 8 V19

1994

V37 H37>= 10 K

266 H85 H37 10.5

16

V37> 241 K V19 V37 > 9K
Goodison
0 37 GHz B
B V37 HB7
3 11K 9 24K 8 33
‘1990 NOAA NASA  SSM/I
SSM /I
V22 VI9< 4 VI9  H19
V37 7.8 225 V37 257 V19<
37 Gz
1977 Zwally *
27 19
Matzler *



208 19
SSM /1
4
Bellerby 29
SSM /1
1 J—
P KTBAf P
k TB Af
P
B TB
SATB; € TB; A
€
2 SSM /1 8
9 NO-
AA AVHHRR MOD S
DEM
DEM
ANMBR AIVBR-E
2002 12 30
30
37 GHz 200 250 K 19 37 G+
0.5 0.0 K/GHz
Refer ences
37 GHz 110 250 K 19 37 England A W. Thermal microwave emission from a scattering layer
GH 0.1 KJ J . Journal of Gophysical Research 1975 80 32 4 484-
4 496.
G Chang A T C Goersen P Schmugge T et al. Mcrowave emis-
SSM /I 19 GHz sion from snow and gacierice J . Journal of Gacoogy 1976
37 GHz 16 74  23-39.
Chang A T C Foster JL Hhll D K. Nmbus-7 SMMR deived
global snow cover paameters J . Annals of Gaciology 1987
9 39-44.
0.4 K/GHe NASA Nede CM U McFarland M J Chang K. Land-Surface-Type clas-
11 cm sification using microwave brightness temperaure from the special
NOAA AVHRR sensor microwave/Imager J . |EEE Transaction on Geoscience
MOD S and Remote Sensing 1990 28 5 829-837.
SSM /1 Coodison B E Walker A E. Canadian development and use of
snow cover information from passive microwave saellite data A .
3 3 In Choudhury B J Kerr Y H Noku EG et al eds. ESA/

NASA Internaional Workshop C . Urecht The Netherlands
VSP 1994.245-262.
Chang A TC Foster JL Hdl D K. Effects of forest on the snow



209

11

12

13

14

15

16

17

18

parameiers derived from microwave measurements during the boreal
J . Hydroogy Pocessing 1996 10 1 565-1 574.

Hallikainen M T. Mcrowave radiometry on snow J . Advancein

Space Research 1989 9 1  267-275.

Gan TY. Passive microwave snow research in Canadian high arctic
J . Canadian Journal of Remote Sensing 1996 22 1  36-

44.

Foster JL Chang A TC Hhll D K. Compaison snow mass esti-

mates from a prootype passive microwave snow algorithm are-

vised algorithm and snow depth climaology J .

of Environment 1997 62 132-142.

Rmoe Sensing

Sngh P R Gan T Y. Retrieval of snow water equivalent using

passive microwave brightness temperature data J . Rmote Sens-

ing of Environment 2000 74 2  275-286.

Badk B Eder K. Combining binary decision tree and geostatisti-

cal methods to estimate snow distribution in a mountan waershed
J . Water Resources Research 2000 36 13-26.

Pulliainen J T Gandell J Hhllikainen M T. HJT snow emis-
sion model and its applicability to snow water equivalent retrieval
J . |EEE Transaction on Ceoscience and Remote Sensing
1999 37 3 1 378-1390.
Coodison B E Rubinstein | Thirkettle F W et al. Determina-
tion of snow water equivalent on the Canadian praries using mi-
cronave radiometry J . |AHS Publish 1986 155 163-173.
Tait A. BEstimation of snow water equivalent using passive micro-
wave radiaion data J . Remote Sensing of Environment 1998

64 286-291.

Derksen C Walker A E LeDrew E et al. Time-series analysis
of passive-microwave-derived central North American snow waer
equivadent imagery J . Annals of Gacidogy 2002 34 1-7.
Walker A E Slis A. Snow-cover variations over the Mackenzie
River basin Canada derived from SSM/I passive-microwave sat-
ellite data J . Annalsof Gacidogy 2002 34 8-14.

CGoodison B E Wadker A E. Canadian development and use of
snow cover information from passive microwave satellite data
A . In Choudhury BJ KerY H Noku E G eds. Passive
Mcrowave Remote Sensing of Land-amosphere Interactions C
Zeist The Netherlands VSP BV Publishers 1995. 245-262.
Mognard N M Josberger E G. Northern Geat Plains 1996/97
seasonal evolution of snowpack parameters from satellite passive-

microwave measurements J . Annals of Gaciology 2002 34

19

20

21

22

23

24

25

26

27

28

29

30

15-23.

Chang A TC Foster JL Hdl D K. Nmbus-7 SMMR derived
gobal snow cover parameters J .
9 39-44.

Cao MEisheng

Annals of Glacidogy 1987

Li Peiji Robinson D A et

al. Evduation and primary application of microwave remote sens-

ing SMMR derived snow cover in Western China J Remoaie
Sensing of Environment 1993 8 3 260-269 in
Chinese .

Cao MEisheng Li Peiji Mcrowave remote
sensing monitoring of snow in West China J . Journal of Mbun-
tain Research 1994 12 4 231-233 in Chi-
nese .

Bo Yanchen Feng Xuezhi Li Xin

et al. The retrieval of snow depth in Qnghai-Xizang Tibet

plateau from passive microwave remote sensing data and its results

assessment J . Journal of Rrmote Sensing 2001 5
3 161-165 in Qhinese

Amstong R L Brodzik M J. Hemispheric-scale comparison and
evaluation of passive-microwave snow agorithms J .

Gacdology 2002 34 38-44.

Annals of

Matzler C. Passive microwave signatures of landscapes in winter
J . Meteorology Almaosphere Physical 1994 54 241-260.
Uaby F T MoreR K Fung A K. Mcrowave Remote Sensing
Active and Passive Vol. M . London Artech Hbuse Pub-
lishers Inc 1984. 1612.

Zwally H J. Mcrowave emissivity and accumulation rate of polar
firnJ . Journal of Gaciology 1977 18 79  195-215.
Amstrong R Chang A Rango A et al. Snow depths and grain
size relationships with relevance for passive microwave studies
J . Annual of Glaciology 1993 17 171-176.

Matzler C Standley A. Relief effects for passive microwave re-
mote sensing J
2000 21 12 2403-2 412.

Bellerby T Taberner M Wilmshurst A. Retrieval of land and

International Journal of Remote Sensing

sea brightness temperaures from mixed coastal pixels in passive
microwave data J |IEEE Transactions on CGeoscience and Re-
mote Sensing 1998 36 6 1 844-1 851.

Zuerndorfer B England A W. Radiobrightness decision criteria
| EEE Transaction on Geoscience

and Remote Sensing 1992 30 1  89-102.

for freeze /fraw boundaies J .



210 19

THE DEVELOCPM ENT AND PRCSPECT CF ESTIM ATING
SNON WATER EQUVALENT USNG PASSIVE
MICRON AVE REM OTE SENSING DATA

CHE Tao LI Xin
Qld and Aid Regions Environmental and Engineering Research Institute CAS Lanzhou 730000 China

Abstract Snow water equivalent SWE is an important factor in the variable study of snow storage. Howev-
er the only adequately way to estimate the spatial coverage and temporal changes of snow cover in aregional scale
is via remote sensing. Passive microwave data as a complement for visible remote sensing data despite of its
coarse resolution have the capability to penetrate clouds and snow cover and to provide dual polarization informa-
tion at different frequencies. Infact passive microwave remote sensing has played a key role in cryosphere research
field in past three decades. This paper reviews the researches of monitoring snow using passive microwave remote
sensing data at home and abroad. The applicability of existing algorithms and models to estimate snow water e-
quivalent is assessed. Then the retrieval of SWE in the Qnghai-Tibetan plateau is discussed in detail toillustrate
the complexity of the estimating SWE using SSM/I data in the special region and toclarify the reasons that lead to
the complexity. Finally a series of methods and solutions are offered which provide the theory basis for the further
dynamic monitoring on snow in the Qnghai-Tibetan plateau regions. For improving the retrieval accuracy several
aspects should be taken into account such as detecting wet snow and dry snow distinguishing the snow cover and
frozen soil in the SSM/I sub-pixel and comparison of retrieval results and observation data.

Key words Passive microwave Remote sensing Snow water equivalent SSM /1 Qnghai-Tibetan plateau.





