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Abstract: It is well known that glaciers in mountains are retreating widely in a warmer climate during recent decades on the Tibet-
an Plateau (TP). The runoffs from both glaciers and glacier lakes have been increased significantly, and the potential outbursts of
glacier lakes have threaten the residence safety in China and the adjacent countries. However, most of the glaciers locate in very dis-
tant mountains. As glaciers are difficult to be investigated due to the huge investments and long travelling time of field survey, re-
mote sensing monitoring has been the major approach adopted to understand the changes of glaciers nowadays. This paper has sum-
marized several important items about current glacier studies, which includes: the development of remote sensing techniques on
mountain glacier monitoring; the previous concluded results on glacier surface elevation changes in the major mountains on TP; and
the problems and research trends of glacier studies based on the remote sensing techniques. Moreover, this paper reveals the glacier
surface elevation changes on TP based on the ICESat/GLAS data. It shows that during 2003-2009 the glacier surface elevation on
TP has changed by —0.24+0.03 m/a in average and yielding a mass change by —14.86+11.88 km’/a, whose melting water would run
into rivers or lakes. The glacier change pattern on TP shows an obviously spatial-temporal heterogeneity, which decreases from the
south and east TP toward the inland TP, and then it keeps decreasing toward the north and west TP.
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Tab.1 List of satellites/sensors used for glacier area monitoring

TR YA AR /m S )

Landsat 1-5/Multispectral Scanner (MSS ) 18 80 1972-07/1975-01/1978-03/
1982-07/1984-03

Landsat 4-5/Thermal Infrared Sensor (TM) 16 30 1982-07/1984-03
Landsat 7/Enhanced Thermatic Mapper Plus (ETM+) 16 30(4(m15) 1999-04
Landsat 8/Operational Land Imager (OLI) 16 30(4(115) 2013-02
SPOT 1-4/High Resolution Visible (HRV) 26 20 1986-02/1990-01/1993-09
SPOT 5/High Resolution Geometrical (HRG) 5 10 2002-05
SPOT 6-7/New AstroSat Optical Modular Instrument (NAOMI) 26 6(£f1.5) 2012-09/2014-06
CBERSO01,02,02B/ChargeCoupled Device (CCD) 26 19.5 1999-10
QuickBird 1-6 2.44 2001-10
IKONOS/Visible Sensors 3 4(2f1) 1999-09
Terra/Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) 16 15 1999-12
IRS P5/Cartosat 1 5 22 2005-05
IRS P6/Resourcesat-1 5 5.8 2003-10
Formosat-2 4-5 8 2004-05
ALOS/Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) 2 10 2006-01
HJ-1A/B/CCD 4 30 2008-09
GF-1/CCD 4(fmE) 8(4f12) 2013-04
GF-2/CCD S(ff) A& 2014-08
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Tab.2 List of satellites/sensors used for glacier surface elevation change studies

PR MR R 1] AR A PR m EE
s BESE TN 1940s L3R b VAN 3] - %
Corona/KH-4 (Key Hole-4) 1959-06 S AT 1.83 eS|
Hexagon KH-9 1971-06 S AT 6 B
Terra/ASTER 1999-12-18  Je2Ear gt 15 A4
SRTM-C 2000-02-11  InSAR,C B 30 EgH
SRTM-X 2000-02-11  InSAR,X Bt 25 =IE
SPOT5/HRS 2002-05-03  JeiEsr ARG 2.5 %
ICESat/GLAS (Ice, cloud, and land elevation satellite)/Geoscience Laser 2003-01-13  HEobwHANE 65 ESE|
Altimeter System)
ALOS/PRISM (Panchromatic Remote-sensing Instruments for Stereo Mapping) 2006-01-24 B RVAUNI) 2.5 EN
TerraSAR-X/TanDEM-X 2007206150 G AR X Bt 3 e

2010-06-21

CryoSat-2/SIRAL (SAR Interferometer Radar Altimeter) 2010-04-08 A ALARTRE A 250 Wkzs Ja)
ZY-3 (FIH=5) 2012-01-09 A ARG Xt 2.1 h
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DU P 3 A R B 1Y) B TR 25 40 T B I R T i
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J7¥Z ,{H SRTM DEM 7 52 % 111X Hi B fi 22 A
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Fig.1 Glacier changes in the major mountains on the Tibetan Plateau from 2003 to 2009
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Tab.3 Results of glacier surface elevation changes in the major mountains on the Tibetan Plateau
[Eeu 7V IlIEA S W 757 HF B VKRR AR AR AR (m/a) AEiE Sl
BT R 4 1 ik ICEsat/GLAS 2003-2009 0.09+0.07 AT
X Lk ICEsat/GLAS .SRTM 2003-2009 -0.44+0.26 CHR[71]
X1 R80T 111 ik ICEsat/GLAS 2003-2009 -0.31+0.09 AW
el LA 1L bk ICEsat/GLAS 2003-2009 -0.10+0.06 SCHR[78], AT 5T
Bk ICEsat/GLAS 2003-2009 0.06+0.04 ENTE
A R R P B ICEsat/GLAS .SRTM 2000-2008 0.49+0.27 SCHR[79]
CryoSat-2 .SRTM 2000-2013 -0.55+0.31 SCHR[79]
A A K 741 GPS 2007-2011 -0.85 Ciik[24]
TER IR o Ji ICEsat/GLAS .SRTM DEM ,SPOT DEM 20002010 -0.16=0.15 SCHR[70]
ESuIIESY AT RS Il HIE K5 GPS 1956-2007 -0.40+0.22 SCHR80]
SRSy AT RRE2 I &5 GPS 1956-2007 -0.33+0.22 SCHK[80]
Al 1L A 12 59K HIE K5 GPS 1957-2007 -0.37+0.11 SCHERS1]
AR LT 48] 350K )1] ML 5 GPS 1972-2009 -0.25 SCHR[82]
AR 1Lk ICEsat/GLAS .SRTM 2000-2009 -0.35+0.26 SCHRI83]
e ICEsat/GLAS .SRTM 2003-2009 0.44+0.26 SCHR[71]
ICEsat/GLAS 2003-2009 0.25+0.17 A5
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D ah/vk )1 44 Bk pUNIpsReS B VKT AR AL (m/a) G 3

FE AR ICEsat/GLAS 2003-2009 -0.38+0.07 KNI

PRI ICEsat/GLAS 2003-2009 -0.58+0.21 SCik[2]

B LLIK ICEsat/GLAS .SRTM DEM .SPOT DEM  2000-2010 -0.39£0.16 SCHR[70]
ICEsat/GLAS 2003-2009 -0.41+0.28 ENI

R (LSRR kAN & iy fizl ICEsat/GLAS \SRTM 2003-2009 -1.34+0.29 SCHR[69]

JIkAR R B

H DR L R AR B 5 B ICEsat/GLAS 2003-2009 -0.78+0.27 SCHR[71]

E RO AR B ICEsat/GLAS 2003--2009 -0.89£0.18 SCHR[2]

A RORELL K P B ICEsat/GLAS 2003-2009 -0.44+0.20 CHR[2]

B IR K B ICEsat/GLAS 2003-2009 -0.53+0.13 SCHR2]

Ll BRI S8 A Ak ALOS/PRISM DEM, 1:5 /7 DEM 1974-2006 -0.52+0.06 SCHR[74]
ALOS/PRISM DEM 5 SRTM DEM 2000-2006 -0.85+0.30 SCHR[84]

BT BE A B I i X SPOT DEM ,SRTM 2000-2007 -0.45+0.11 SCIRI8S]

T B AR %4y GPS 2007-2010 -0.85 SCHk[24]
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DGPS Sl 2008-2013 -0.42 CHR[24]
DGPS 5] 2009-2013 -0.58+0.06 SCHR[38]
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