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Table 1 Remote sensing satellites and sensors used in monitoring glacier change
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Landsat ETM+ 30.0 1999
CBERS CCD 19.5 1999
SPOT 1-4 HRV 20.0 1986
SPOT 5 HRG 10.0 2002
Terra ASTER 15.0 1999
IKONOS IKONOS 4.0 1999
Quickbird Quickbird 2.44 2001
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ENVISAT ASAR 30.0 2002
ALOS AVNIR-2 10. 0 2006
PRISM 2.5
PALSAR 10.0
=8 ALOS 3 C o1,
. 20 PALSAR N ,
60 , . ,
tzz3 . , ALOS
, . Narama % ALOS PRISM
N AVNIR
1 s s N
( MSS, T™M ETM ,
+) (], L4, (Syn-
1972 thetic Aperture Radar, SAR)
f241 . y Terra . 1993  Goldstein ] ERS-1 ,
ASTER N SAR s
s s DEM,
, , 1992
[257.1999 (NASA) JERS-1 5 1995 ERS-2 s
(USGS) “ ” ERS-1 , 1 ,
(GLIMS)"  ASTER, Landsat TM/ETM+ SAR R
s ENVISAT . ALOS
. SPOT , , Ls7 ENVISAT G
Les=28] R band ASAR ALOS [-band PAL-
IKONOS™! | Quickbird®” , Formosat-25°" SAR ,

B2l 2006 ALOS

2



112

35

2.1

(D

(2

b

[39]

1969—2002

3

NDSI = (CH,—CH,)/(CH,+CH,> (1

22 c N, Mm . ™
, 2 5 , ASTER 1 4
[41]
N . (4) (DN
),
[l Landsat TM
T™M3 TM4 TM5 , ASTER
band3/band4 . 1987 Hall
TM4/TM5 ; Rott [t
TM3/TM5 TM4,/TM5 s
TM3/TM5 TM4/TM5
s TM4,/TM5
/ 5
(453 6] Landsat-7
ETM-+ , , TM5., 7
R N s K-L
sl 2.2
D
B Ye , R
. 20 90
s , Lobo [ (Per-field) . Aplin
), L8] (Per-Patch)
[34] [40]
[49—50] [51] [52] [53]
9 s3] )



1 : 113

. . [64] ,
(2 (INSAR). IN- NDSI
SAR (SAR) .
. INSAR ) ,
[54—55] , ,
Lo6d . . ND-
y SI [45, 60, 62—63] .
(56 ERS1/2 SAR \ ) ,
SAR [45, 60—61, 65767].
, , 82%. NDSI , .
[57] SAR , ,
b 89 % b ,
SAR
, , SAR , DEM., .
Los] . . ~
2.3
. . 1) Sldﬁ ~ ’
jak™" . . SAR
\ TM345 . TM4/ ,

TM5. NDSI, PC2-4, PCl-4, , )
PC2-4, TM4/TM5  NDSI INSAR ,
. Paul* N R

. NDSI. TM3/TM5  TM4/TM5 , b7, SAR
, TM4/TM5 ,
[45] s
, NDSI
., TM3/TMs5 ,
TM4/TM5 , TM3/TM5 . .
, , NDSI ,
. . K_L
, , 2.4
. te] TM3/ , .
TM5 NDSI , .
TM4/TM5 s [40—41, 60, 68—69] .
[62] [63]

N ’ H



114 35
, , , 79. 2%. Paul™  TM3/
. TM5 TM4,/TM5 SPOT
Paul %% ASTER DEM , TM4/TM5
; , SPOT 2. 3%.
(64l paul % y y
( NDSI. ND-
VI ) DEM
( ), s 3
TM6 , , s s
to4] Paul % R ,
[45] ,
TM3/TM5, . NDVI, s
' . , 4
90 %. Lo ALOS/PALSAR
4.1
, (D .
ALOS /PALSAR ;
R GPS N
Y [7]] b b .
. SAR R
3 b
(2) N N
[45] . N ’ 9
’ y [45] .
[72]
GPS , (3)

[73]



115

4.2
(@D)
(2) ICESA
) 1C-
ESAT ,
3
[75]

[1]

2]

(3]

(References) :

Qin Dahe, Chen Yiyu, Li Xueyong. Climate and Environment
Change in China (Vol. I): Climate and Environment Evolu-
tion and Prediction[ M]. Beijing: Science Press, 2005; 109—
110. [ s , . (

): [M]. : .
2005: 109—110. ]
Shi Yafeng, Liu Chaohai, Wang Zongtai, et al. Concise Glac-
ier Inventory of China [ M]. Shanghai: Shanghai Popular Sci-
ence Press, 2005. [ s s s

[M]. , 2005. ]

Lemke P, Ren J, Alley R B, et al. Observations: Changes in
Snow, Ice and Frozen Ground[ M]//Climate Change 2007

(4]

[6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

The Physical Science Basis. Contribution of Working Group 1
to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge, UK. Cambridge Uni-
versity Press, 2007 337 —383. http: //www. ipcc. ch/pdf/
assessment-report/ard/wgl/ard-wgl-chapterd. pdf.
Cazenave A, Dominh K, Guinehut S, ez al. Sea level budget
over 2003—2008: a reevaluation from GRACE space gravime—
try, satellite altimetry and Argo[]]. Global and Planetary
Change, 2009, 65(1—2). 83—88.
Cazenave A, Lombard A, Llovel W. Present-day sea level
rise; A synthesis [J]. Comptes Rendus Geoscience, 2008,
340(11). 761—770.
Ren Jiawen, Ye Baisheng, Ding Yongjian, ez al. Initial esti-
mate of the contribution of cryospheric change in China to sea
level rise[J]. Chinese Science Bulletin, 2011, 56(16): 1661
—1664. [ , s PR
(1. . 2011, 56
(14): 1084—1087.
Dyurgerov M B, Meier M F. Twentieth century climate
change: Evidence from small glaciers [J]. Proceedings of the
National Academy of Sciences of the United States of Ameri-
ca, 2000, 97(4) . 1406 —1411.
Oerlemans J, Fortuin J] P F. Sensitivity of glaciers and small
ice caps to greenhouse warming [ J]. Science, 1992, 258
(5079): 115—117.
Haeberli W, Hoelzle M. Application of inventory data for es-
timating characteristics of and regional climate-change effects
on mountain glaciers; a pilot study with the European Alps
[J]. Annals of Glaciology, 1995, 21: 206—212.
Shi Yafeng. Estimation of the water resources affected by cli-
matic warming and glacier shrinkage before 2050 in West Chi-
na[ J]. Journal of Glaciology and Geocryology, 2001, 23(4) .
333—341. [ . 2050
[JJ. . 2001, 23(4): 333—341.]
Pu Jianchen, Yao Tandong, Wang Ninglian, ez al. Puruogan-
gri ice field and its variations since the Little Ice Age of the
Northern Tibetan Plateau[ J]. Journal of Glaciology and Geo-
cryology. 2002, 24(1): 87—92. [ s s s
. IR
, 2002, 24(1) . 87—92. ]
Liu Shiyin, Shen Yongping, Sun Wenxin, et al. Glacier vari-
ation since the maximum of the Little Ice Age in the Western
Qilian Mountains[J]. Journal of Glaciology and Geocryology,
2002, 24(3); 227—233. [ s , s
Ll . 2002,
24(3): 227—233. ]
Yang Daging. On the mass balance of 50 mountain glaciers in
the northern hemisphere [J]. Advances in Water Science.,
1992, 3(3): 161—165. [ . 50
[rl. . 1992, 3(3): 161—165. ]
Ju Yuanjiang, Wei Xia, Liu Gengnian. Statistics and analysis
on the mass balance of Glacier No. 1 at the headwaters of the
Uriimqi River in the Tianshan Mountains[J]. Arid Land Ge-
ography. 2006, 29(1). 76—80. [ s s .
L1l ,
2006, 29(1): 76 —80. ]
Gao Xiaoqing, Tang Maocang, Feng Song. Discussion on the

relationship between glacial fluctuation and climate change



116 35
[J]. Plateau Meteorology, 2000, 19(1); 9—16. [ , 187—219.
, . [J1. [28] Kaab A, Paul F, Maisch M, et al. The new remote-sensing-
, 2000, 19(1): 9—16. ] derived Swiss glacier inventory: [[. First results [J]. Annals
[16] Zhang Yinsheng, Yao Tandong, Pu Jianchen. The response of Glaciology, 2002, 34(1): 362—366.
of continental-type glaciers to climate change in Chinal[ J]. [29] Klein A G, Kincaid J L. Retreat of glaciers on Puncak Jaya,
Journal of Glaciology and Geocryology, 1998, 20(1). 3—8. Irian Jaya, determined from 2000 and 2002 IKONOS satellite
L y , . images[ J]. Journal of Glaciology, 2006, 52(176);: 65—79.
[Jl. . 1998, 20(1): 3—8.] [30] Cullen N J, Molg T, Kaser G, et al. Kilimanjaro Glaciers:
[17] Su Zhen, Shi Yafeng. Response of monsoonal temperate glac- Recent areal extent from satellite data and new interpretation
iers in China to global warming since the little ice age[]]. of observed 20th century retreat rates [ J]. Geophysical Re-
Journal of Glaciology and Geocryology, 2000, 22(3): 223 — search Letters, 2006, 33 (16 ), DOI. 10. 1029/
229. [ 2006GL027084.
[Jl. , 2000, 22(3): 223—229. ] [31] Liu CC, Chang Y C, Huang S. et al. Monitoring the dynam-
[18] Duan Jianping, Wang Lily, Ren Jiawen, et al. Seasonal vari- ics of ice shelf margins in Polar Regions with high-spatial-and
ations in heavy metals concentrations in Mt. Qomolangma high-temporal-resolution space-borne optical imagery [ J ].
Region snow[J]. Journal of Geographical Sciences, 2009, 19 Cold Regions Science and Technology, 2009, 55(1) . 14—22.
(2): 249—256. [32] Racoviteanu A E, Williams M W, Barry R G. Optical remote
[19] Shi Yafeng. Liu Shiyin. Estimation on the response of glac- sensing of glacier characteristics: a review with focus on the
iers in China to the global warming in the 21st century[]]. Himalaya[J]. Sensors, 2008, 8(5): 3355—3383.
Chinese Science Bulletin, 2000, 45(7): 668 —672. [ , [33] Narama C, Kaab A, Duishonakunov M, et al. Spatial varia-
. 21 [Jl. bility of recent glacier area changes in the Tien Shan
, 2000, 45(4); 434—438. ] Mountains, Central Asia, using Corona (— 1970), Landsat
[20] Jiao Keqin, Jing Zhefan, Han Tianding. et al. Variation of (—2000), and ALOS (—2007) satellite data[J]. Global and
the Glacier Na 1 at the headwaters of the Uriimgi River in the Planetary Change, 2010, 71(1—2): 42—54.
Tianshan Mountains during the past 42 years and its trend [347] Mei Anxin, Peng Wanglu. Qin Qiming. et al. Introduction of
prediction[ J]. Journal of Glaciology and Geocryology. 2004, Remote Sensing [ M ]. Beijing: Higher Education Press,
26(3): 253—260. [ , , , .42 a 2001. [ s s , [M].
1 [J]. ) , 2001. ]
2004, 26(3); 253—260. ] [35] Goldstein R M, Engelhardt H, Kamb B, et al. Satellite radar
[21] Yao Tandong, Shi Yafeng. Climatic. glacial and runoff chan- interferometry for monitoring ice-sheet motion: Application to
ges and the future tendency in Uriimqi River basin[J]. Scien- an Antarctic ice stream[J]. Science, 1993, 262(5139): 1525
tia Sinica (Series B) ; 1988(6); 657—666. [ , —1530.
. N [J1 [36] Shu Ning. Principle of SAR Interferometry[ M ]. Wuhan:
(B ), 1988(6): 657—666. | Wuhan University Press, 2003. [
[227] Miiller F, Caflisch T, Miiller G. Instructions for Compilation [M]. , 2003. ]
and Assemblage of Data for A World Glacier Inventory[ R/ [37] Zhou Jianmin, Li Zhen, Li Xinwu. A comparative study of
OL]. Department of Geography. Swiss Federal Institute of coherence patterns of C-band and I-band interferometric SAR
Technology (ETH), 1977. http://www. wgms. ch/down- in western glacier areas[J]. Remote Sensing for Land & Re-
loads/Mueller etal UNESCO 1977. pdf. sources, 2009(2); 9—13, 18. [ , , . G
[23] Bindschadler R, Dowdeswell J, Hall D, et al. Glaciological band  L-band
applications with Landsat-7 imagery: Early assessments[]]. [Jl. , 2009(2): 9—13, 18. ]
Remote Sensing of Environment, 2001, 78 (1 —2): 163 — [38] Wang Jian. Comparison and analysis on methods of snow cov-
179. er mapping by using satellite remote sensing data[ J]. Remote
[24] Meier M F. Evaluation of ERTS imagery for mapping and de- Sensing Technology and Application, 1999, 14(4). 29— 36.
tection of changes of snowcover land and on glaciers[ C]// L . LIl
Symposium on Significant Results Obtained from Earth Re- . 1999, 14(4): 29—36. ]
sources Technical Satellite-1. Washington, DC. National [39] Ye Q. Kang S, Chen F, et al. Monitoring glacier variations
Aeronautics and Space Administration, 1973 863—875. on Geladandong mountain, central Tibetan Plateau, from
[25] Bishop M P, Olsenholler J] A, Shroder J F, et al. Global 1969 to 2002 using remote-sensing and GIS technologies[ ] ].
Land Ice Measurements from Space (GLIMS): remote sens- Journal of Glaciology, 2006, 52(179) . 537—545.
ing and GIS investigations of the Earth's cryosphere[J]. Geo- [40] Li Zhen, Sun Wenxin, Zeng Qunzhu. Deriving glacier change
carto International, 2004, 19(2): 57— 84. information on the Xizang (Tibetan) Plateau by integrating
[26] Kieffer H, Kargel ] S, Barry R, et al. New eyes in the sky RS and GIS techniques [J]. Acta Geographica Sinica, 1999,
measure glaciers and ice sheets[ J]. EOS, Transactions Amer- 54(3); 73—78. [ , , . RS GIS
ican Geophysical Union, 2000, 81(24): 265—271. — [J].
[27] Kargel ] S, Abrams M J, Bishop M P, et al. Multispectral , 1999, 54(3): 73—78.]
imaging contributions to global land ice measurements from [41] Shangguan Donghui, Liu Shiyin, Ding Yongjian, et al. Glac-

space[ J]. Remote Sensing of Environment, 2005, 99(1—2)

ier changes at the head of Yurungkax River in the West Kun-



117

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

lun Mountains in the past 32 years[]J]. Acta Geographica Sin-
ica, 2004, 59(6): 855—862. [ s , ,

. 32 Ll

. 2004, 59(6): 855—862. ]
Cao Meisheng, Li Xin, Chen Xianzhang, et al. Remote Sens-
ing of Cryosphere [ M]. Beijing: Science Press, 2006. [

. s [M]. : .
2006. ]
Hall D K, Ormsby J P, Bindschadler R A, et al. Character-
ization of snow and ice reflectance zones on glaciers using
Landsat Thematic Mapper data[]J]. Annals of Glaciology.,
1987, 9. 104—108.
Rott H, Markl G. Improved snow and glacier monitoring by
the Landsat Thematic Mapper[ C]//Proceedings of a Work-
shop on Earthnet Pilot Project on Landsat TM Applications.
European Space Agency, 1989, SP-1102. 3—12.
Shangguan Donghui. Glacier Changes in Tarim Interior River
Basin using 3S[D]. PhD Thesis, Lanzhou: Cold and Arid Re-
gions Environmental and Engineering Research Institute, Chi-
nese Academy of Sciences, 2007. [ . 3S

[D].
, 2007. ]
Zhang Minghua. Extracting the temperate glacier information
in the Mount Namjagbarawa, Tibet Autonomous Region,
based on ETM™ image[J]. Journal of Glaciology and Geocry-
ology. 2005, 27(2): 226 —232. [ ETM*
[Jl. ,
2005, 27(2): 226—232. ]
Lobo A, Chic O, Casterad A. Classification of Mediterranean
crops with multisensor data; per-pixel versus per-object sta-
tistics and image segmentation[ ] ]. International Journal of
Remote Sensing, 1996, 17(12): 2385—2400.
Aplin P, Atkinson P M, Curran P. Per-field classification of
land use using the forthcoming very fine spatial resolution sat-
ellite sensors: problems and potential solutions [ C]//Ad-
vances in Remote Sensing and GIS Analysis. Chichester: Wi-
ley. 1999 219—239.
Walter V. Object-based classification of remote sensing data
for change detection [ J]. ISPRS Journal of Photogrammetry
and Remote Sensing., 2004, 58(3—4). 225—238.
Cao Bao, Qin Qiming, Ma Haijian, et al. Application of ob-
ject-oriented approach to SPOT5 image classification: A case
study in Haidian District, Beijing City[J]. Geography and
Geo-Information Science, 2006, 22(2): 46 —49, 54, [ s
. P SPOT5
— [yl

. 2006, 22(2): 46—49, 54. ]
Gong Jianming, Yang Xiaomei, Zhang Tao, et al. Informa-
tion extraction of glacier and its landform classes based on
multi-feature remote sensing image combination[ J]. Journal
of Geo-Information Science, 2009, 11(6); 765—772. [
RAE . 2009, 11(6):
765—772. ]
Nie Yong, Zhang Yili, Liu Linshan, et al. Monitoring glacier
change based on remote sensing in the Mt. Qomolangma Na-
tional Nature Preserve, 1976 — 2006 [ ]J]. Acta Geographica
Sinica, 2010, 65(1): 13—28. [ s s s

[53]

[54]

[55]

[57]

[60]

[61]

[62]

[63]

[64]

30
L1l , 2010, 65(1): 13—28. ]

Zhang Jiping, Liu Linshan, Zhang Yili, ez al. Object-oriented
information extraction of water bodies and glaciers in extreme
high altitude area: A case study of the core area of Mt. Qo-
molangma (Everest) National Nature Preserve[ J]. Journal of
Geo-Information Science, 2010, 12(4): 517—523. [ s

— (1.

. 2010, 12(4); 517—523. ]
Massonnet D, Rossi M, Carmona C, et al. The displacement
field of the Landers earthquake mapped by radar interferome-
try[J]. Nature, 1993, 364(6433) . 138—142.
Michel R, Rignot E. Flow of Glaciar Moreno, Argentina,
from repeat-pass Shuttle Imaging Radar images: Comparison
of the phase correlation method with radar interferometry[ J .
Journal of Glaciology. 1999, 45(149): 93—100.
Li Zhen, Guo Huadong, Li Xinwu, et al. SAR interferome-
try coherence analysis and snow mapping[ J]. Journal of Re-
mote Sensing, 2002, 6(5): 334—338. [ s s
, . SAR il

, 2002, 6(5): 334—338. ]
Zhou Jianmin, Li Zhen, Xing Qiang. Deriving glacier border
information based on analysis of decorrelation in SAR interfer-
ometry[ J]. Journal of Glaciology and Geocryology, 2010, 32
(1): 133—138. [ . s

[y , 2010, 32(1):

133—138. ]
Huang L., Li Z, Tian B S, et al. Classification and snow line
detection for glacial areas using the polarimetric SAR image
[J]. Remote Sensing of Environment, 2011, 115(7);: 1721—
1732.
Sidjak R W. Glacier mapping of the Illecillewaet icefield,
British Columbia, Canada, using Landsat TM and digital ele-
vation data [ J]. International Journal of Remote Sensing,
1999, 20(2). 273—284.
Paul F. The New Swiss Glacier Inventory 2000: Application
of Remote Sensing and GIS[D]. PhD Thesis, Zurich, Swiss:
Department of Geography, University of Zurich, 2004.
Li Zhiguo, Yao Tandong, Ye Qinghua, et al. Glaciers in the
upstream Manla Reservoir in the Nianchu River Basin, Tibet:
Shrinkage and impact[J]. Journal of Glaciology and Geocryol-
ogy. 2010, 32(4), 650—658. [ , . .
. 0.

. 2010, 32(4): 650—658. ]
Zhang Shigiang, Lu Jian, Liu Shiyin. Deriving glacier border
information on Qinghai Tibet by TM high spectrum image
[J]. Geomatics and Information Science of Wuhan Universi-
ty, 2001, 26(5); 435—440. [ s s
™
L1l ( ), 2001, 26(5): 435—440. ]
Xu Junli, Liu Shiyin, Zhang Shiqiang, et al. Glaciers fluctua-
tions in the Karamilan-Keriya River Watershed in the past 30
years[J]. Journal of Glaciology and Geocryology, 2006, 28
(3): 312—318. [ , , s

30a
L1l , 2006, 28(3): 312—318.]
Song Bo, He Yuanqing, Pang Hongxi, et al. Identifying au-



118

35

tomatically the debris-covered glaciers in China’s monsoonal
temperate-glacier regions based on remote sensing and GIS
[J]. Journal of Glaciology and Geocryology, 2007, 29(3):
456—462. [ s s PR GIS

L1l , 2007, 29(3): 456—462. ]

[65] Albert T H. Evaluation of remote sensing techniques for ice-
arena classification applied to the tropical Quelccaya ice cap,
Peru[J]. Polar Geography, 2002, 26(3);: 210—226.

[66] Andreassen L. M, Paul F, Kaab A, et al. Landsat-derived
glacier inventory for Jotunheimen, Norway, and deduced
glacier changes since the 1930s[J]. The Cryosphere, 2008, 2
(2). 131—145.

[67] Paul F, Huggel C, Kdab A, etal. Comparison of TM-derived
glacier areas with higher resolution data sets[ C]//EARSel
Workshop on Remote Sensing of Land Ice and Snow, Bern,
Switzerland, March 11 — 13, 2002. EARSel. eProceedings,
2003, 2: 15— 21. http://eproceedings. org/static/vol02 1/
02 1 paull. pdf

[68] Paul F, Huggel C, Kaib A. Combining satellite multispectral
image data and a digital elevation model for mapping debris-
covered glaciers [J]. Remote Sensing of Environment, 2004,
89(4):. 510—518.

[69] Wu Lizong. Space Integration of China Glacier Inventory and
Glacier Inventory based on Landsat [ D]. Master Thesis,
Lanzhou: Cold and Arid Regions Environmental and Engi-
neering Research Institute, Chinese Academy of Sciences,
2005. [ .

[D]. ,

, 2005. ]

[70] Jiang Zongli. Applying Space-borne SAR Technologies to

Study Mass Balance of Mountain Glacier [D]. PhD Thesis,

Lanzhou: Cold and Arid Regions Environmental and Engi-
neering Research Institute, Chinese Academy of Sciences.,
2011, [ . SAR
[D]. .
, 2011, ]

[71] Zhang Guoliang, Wang Jie, Pan Baotian, et al. Progress in
research on glacier changes using remote sensing[ J]. Journal
of Lanzhou University(Natural Sciences), 2010, 46(6): 1—
10. [ ’ , .

[J]. , 2010, 46(6): 1—10. ]

[72] Zhang Guoliang, Pan Baotian, Wang Jie , et al. Research on
the glacier change in the Gongga Mountain based on remote-
sensing and GPS from 1966 to 2008[J]. Journal of Glaciology
and Geocryology, 2010, 32(3): 454 —460. [ s

B PR GPS 1966—2008
[Jl. , 2010, 32(3): 454—460. ]

[73] Shangguan Donghui, Liu Shiyin, Ding Yongjian, et al. Moni-
toring glacier changes and inventory of glacier in Muztag Ata-
Kongur Tagh, East Pamir, China, uses ASTER data []J].
Journal of Glaciology and Geocryology, 2005, 27(3) . 344 —
351. [ . . . ASTER

- LI .
2005, 27(3): 344—351. ]

[74] Paul F. Changes in glacier area in Tyrol, Austria, between
1969 and 1992 derived from Landsat 5 Thematic Mapper and
Austrian Glacier Inventory data[J]. International Journal of
Remote Sensing, 2002, 23(4). 787—799.

[75] Wu Zhaocong. Rough Sets Approach to Remote Sensing Im-
age Processing and Classification [ D]. PhD Thesis, Wuhan:
Wuhan University, 2004, [

[D]. , , 2004. ]

Study of Extracting Glacier Information from Remote Sensing

YAN Lili"*, WANG Jian'
(1.Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou
Gansu 730000 , China ; 2 .University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract: In this paper, remote sensing satellites ,
sensors used in monitoring glacier change and
methods of extracting glacier information are sum-
marized. Various approaches are evaluated syn-
thetically. It is considered that the method of band
ratio is the best among the conventional methods.
The new methods of object-oriented classification
and SAR interferometry have improved the accura-
cy of extracting glacier information to a certain ex-
tent. However, superglacial debris is still a diffi-

culty in automatic recognition of glacier informa-

tion. Automatic and semi-automatic methods have
been developed for debris-covered glaciers. How-
ever, the methods are immature and out of universali-
ty. Obstacles of snow cover and superglacial debris and
hard ground verification of glacier information derived
from satellite images still need to overcome. There-
fore, to develop more advanced and more sophisticated
methods will be an important issue in glacier research.
It is expected that rough set theory and waveform of
ICESAT satellite will improve the accuracy of extrac-

ting glacier information.

Key words: remote sensing; band ratio; snow cover; debris-covered glacier; object-oriented classification ;

SAR interferometry



