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Abstract: This paper reviews the applications of laser mapping technology in the fields of global glacier analysis and monitoring,

local and large scale faults extraction, landslide mapping and susceptibility assessment, shoreline detection and coastal erosion

monitoring. As a new type of air-or-space borne remote sensing sensor, the application of laser mapping technology (including

spaceborne, airborne, vehicle-based and terrestrial) has been extended from conventional surveying and precision surveying to

such various fields as cultural heritage protection. The four application fields reviewed in the paper are four major research top-

ics that are mostly related to human-environmental interaction. The review conclusion shows that the laser mapping technology

should be or is becoming an indispensable tool for above mentioned issues.
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Fig. 1 A scheme showing how airborne LIDAR system works
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WOGTE IR R0 AT LLLLAE 8 /0N i s 18] [ B 4 R A
XFEIEARLIC R 1 588 1Y [BLE R B 2 gl
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() L I B TS S8 W B8 s ) B3 8 T D 4
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Table 1 Brief comparison among different types of LIDAR system
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Begg and Mouslopoulou(2010) F) Fi #1148 i 6
BARXHT Y 2= Toupo R4 HEATHFFE Y. AL T
122 /MG B850 (fault trace) , BTy 2448417 1E 7
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Wechsler et al. (2009) F ¥l 3 LiDAR #
SRTMCE[E NASA [ K 20O Bs #8101 E 7
WF9EH San Jacinto HC WAl 51 1 5 A Bl A
DU PTATVE. 12207 242 v IR A Je IE. 32 22 19 3% 3l
Bz — ANTHAL T 45K R % JE (Drainage densi-
ty, DD TEN I 230 S50 S BE Dd (B R 7 248R
B Z A SR AR SCHME #8352 A X A2 Dd s {E X
(e BN, A R R 1| D 3 ) X

A Szekely et al. (2009) 254 F] LA Li-
DAR %cif 3 J57 18] DX 32 3 350 1] L b 3R ) 3L %
P b 7 R R LRSS D R R 1 DR B S L AT
TR F/NEJR X (Little Hungarian Plain) 351 #4)
TGO K T4 TRR/NT 2 m IR 3 FHAE (tec-
tonic features). i TIBFIE T 0 5 & T LiDAR %%
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P

4 LGOS IRAE TS TE B
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FIIHT LIDAR B 64 7 18 W e E PR PF i e B s
PUALE Dietrich et al. (2001) BHFFEH AT A I BF 5T
FHEIE At B 0 T SRR E MR PR A A A SHAL-
STAB f563E. It )5, Chang et al. (2005) R N ss
Tz HLEK LIDAR FEF S8 £ A 455 09 07
XFETE 1999 4 9 AR MRS R Lty — 1l (Ji-
ufengershan) ¥ 35 b o7 TSR =4 AE FEAT TIR AR
WEFE. AT R bR e A W 452 5 2R 4R 31 1 1% b IX
PLEGBO B 38 B0H 530 O AR (g AR A
1) I8 Tl B S E . TR 7E LiIDAR %%
I 1P M T g Db 28 TR A ik T 2R G SRR
A, FEARIE M EZ R S B9 DEM 258 m 1 7 45 5 R A

B0 VU HE & Hb X S8 & /Y 8] @, Schulz
(2007) F LA LiIDAR i iz X 5 vk i 5 3
0 RS E EEAT 1 b AEE I B T
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JOT M S GRS R S L2 1 DX 1 EC SIS AR 1 A
LiDAR %4 18 i i 19 80 2 i 25 i = 4%
Pl A AR W DU 2 2 k1308 A s
RS 3 br R I ENTEA AP TEl LIDAR
B A B TR S N [l s A S R BT B S ) T BT
HZ ORI ). 3 26285 50 74 A & v S e e
PERIPPAN A AR B2 5 X

Roering et al. (2009) F F 22 43 T ¥ M &
(DInSAR) ALz LiDAR F1JJ7 52 it 25 5% 400 b m
A8 e Y Z A8 1 2l ) T S e AT I AT T
ALOS T8 & T 5 M REKERT 1 km)
TE B 3 IFF ] 1964 AR M2 528 F 2006 4F 1Y
LiDAR JF S HLE B s CREUE B » X BN AL 4T
ALK, 2545 DInSAR, & & 15384 sl il | f4F
(14 b A 7 e TR A b 3R ) % Dok

Ak, Glenn et al. (2006) ] L3 LiDAR %
Wb 58 2 35 far MRS 0 3 B Y 2 B A
Sturzenegger et al. (2007) [&] B} A A # i@ A0 HL 7, Li-
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Fig. 2 Digital surface model (DSM) along Du-Wen highway
in the vicinity of Yingxiu Town
Hodfi i Leica ALSS0TIHLERHOL T IATE 2008 48 5 7 31 HARHL, i %
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1 22 AN W 3 I v o Sk T )
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9 Frank W37 AN [/ ROEE B9 35 15 8 1 S
Inada and Takagi(2010) F) F b 1o 84006 75 325 % 1 3
iz S AT N AT,

A Booth et al. (2009) %F ] 15 43 HE R A ML,
LiDAR ¥4 B sh#2 BOR Btk AT T 015E. Al T Sext
LiDAR i A7 — 45 2 Bl 7 A2 4 fn — 4 4 25
AN A T FS 43 501 K A ST ik 2 A AR N i A 4 Ty
3 I R UG SR R AE 23 TR AR, 20 8 % B T
T WL BE IR A HE S S AP ALE A0 ) 2 (] A A
2o X LR AL 1 s M IR At 1] B
R RV g S AR AT TS AN Ty v B T 3 Y O
iR 82/%.

AR AR (2008) B4 X} 2008 4E“5 « 1274 K E
7 & A GRS TTHED — 30RO TD 2 B () T 33 W it
PIMLEL LIDAR I 72 A0 1 1 km” Yo BN BEE T
ZASESAR IR YRR A0 7 AR A S
TnPEAT 7 AL 2) L R AR E W YK
Je IO 2 S0 R AT AT

5 HLERMOET A L e SRR
L A

5.1 #l# LiDAR AT R&RIRE

TR 2R AR Rl ST T AT R X iR S
T (Bl 30D 1 2. il 19 A AT - T 0 22
A ¥ 7 2R B KT BN WS Ak, 38 R T 34
0 TR 5 ot 98 45 flh 2 o Ay v T 2 o R - A
T 5 i 3 119 38 A AR R A 26 (Boak and Turner,

2005). VLRI B T B SR 1 5 il R A
(AR - FUA AR e I R A S A R
TR R A B MR R P AEAH G B R A Rl — 2
HEATE SR AR T A BT I D3 A ) 2R 1 e B S SR

550 11 T e 5 T SR BB 3300 22 1) 7 X (R R
WA, 2009) , HATH H I A eS8 28R , st
GPS Fi AR A Bl - ZE 2 R bk R AR
FRERINZ: (Ruggiero, 2000). {H 253 S8 75 B RUR K
AR 3 AP fz e 2 4R 19722 4k (Stockdon
et al., 2002). 3 4 AR ZFEXHE IS4 H )
PRI R AT T OF5E O HIUS T — @ k. &
7T 32 B2 AR BRI S B Sy I b 7K JE 2 ORI 400
AR L R 20k K w5 B IEE K
T e T T A K Bl A3 PR AR LI IR R R T Y
IS SRE 2 R R A VIRIIN A Tl = I AT L o
PRAE I I, 5 TR o 3518 B A 116 1 2R 4R O
JE R K I TR g R VB DDA OG . BTN 1kid
WA — PR P08 T 2 EE R 28 (Liu et al.
2007).

AR A WA LIDAR B0 A4 508
W B B ShER R R BT RO A R L A
SRR & AN %) 32 1 s 2 B 5

Stockdon et al. (2002) % FHH 08 7 45 &
B LIDAR 048 F3 v 504 A sl 42 B0 2 246 f
LiDAR 5 2 #— 7 1 5] B 3 4350 18T 48 I AR 40 )
BSOS AU i 2 T R i RN A AE
BRI L a5, o Fi o 7 B3k 2 o A SR BUE 2 4R Ro-
bertson et al. (2004) KR L & B R A5 i 2k
(97720 N LIDAR 55, 25 A2 B I 2717 DEM H 2 H
WFFRLR. Liu et al. (2007) 2% F143%] DEM 17524 H
BFEI R 4R,

AR Ty PR U R SRS B AR I iy =X
(IEREORS BE , [R]B H 28 LiDAR B 88 70 % i 0 % 4
TR MO 2R 88 A B3R Jr AN (AT SR S
TR 4R B fig AR IS8 1 30 (8] Al R {5 8. (Liu er
al. , 2007).

5.2 BEEMmIW

T AR R — R E I R B4 il
e AERIG . VA Tl R V8 T 1 U b 55 5 i
F Bl 3 3 A A R A 7 T 2 1) U8 VO S AL AL
H TV e b A B0 25T 1 R R R B BT, R I
R ARl (] AR 2 L R R AR 2 R TR (K M AR
1996). ¥ 2 = i W I, 2 LiDAR 4% A Hb 2 v F
M X —J5 . Woolard and Colby (2002) F] FH ¥l %,
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LiDAR %tfs F1 GIS il (i FH 7 m et s o bR
B SN (G FERL T A b DXL AT 22 B A R 22 40 B
RAIFMEYD Fe AR AR, Chust et al. (2008) | FHHL
2 LIDAR B8 F 5 23 v 3R IO 355 L 5 1) 55
AR 46 amERR, fla 264, RIK
I KSR %] Bidasoa iy X 1 V0] 1A% 5L 19 A A1
DX I R [0 7 AT O 28 O R AT i R 8 Ak .
Chust et al. (2010) ) i # LiDAR &R %4 Hawk
Eye 157G BE A 0 HB LT 75 b DX R 7 7 v e A 5 b Y
25 RIBCT it )T DA B8 i = DX ) e A
FIHBIE. IERH 1 LIDAR 2R 48 4K 52 BT K
AR FE IR VR IR 5 o (HR PR AL 1T BT B o 1 4R R
1) e AR AfR ) e RS o R O T T 2 S I g 2 A
A 5 F Bt Robertson et al. (2007) Fi| F AL 3%
LiDAR 45 1 6 %0 Bk 12 52 5y 3 W XU =R
SR B T 7 4G 0 QG 2 {2 10, Shrestha et al.
(2005) 5 IALAR LIDAR B85 5 JH X5k N 2R 63K 35
ke 1) T o R AT S0 L SR D 20 BT 1) 7 925 % AN [)
I R = A2 77 1 DSML AT Fe 88, 7 o e 0 A9 2 B
IRHTRE R 2784 H AR B3 5 A il .

6 ZhipFIEE

WOLTE ik O BB G BRI D T R
JEAR 2 IR R I 11 5 FHAG BB L JEe
AR TIZS AL AR ) 1 A I D BRI
JEE 37 T ) A T 114 = 2 22 (1) A48 A T AT
R T AR TR ) = 45 2050 T 2R S B 5 45
SURH IR A 25 o 2 B R R 2 5 e ) Rk i
I BRI 22 S LA O ER IR B AR TE A 27 455K
AOBIF S o AT AR T R R R S, AN Sl £
AT LA A [ A AN BIF S SCRR X 0 8 SR 1 4
BRVK I KRR W 2887 SR T SR A A
S N VA AR ARIBORI R 2 (R B 25 4 4T T i F 5 B
RPEAT 17BN 2 R4S F3 AR 458

(D B EBOLF L L GLAS MR EFifk
N WIS A AR T B, B sl 1 &
il A2 SR Kl » 1T AL BORS 1 L o B i A B0
AR W) s B8 A G AR B e BRI AL A i
SR AR AR O T A 4 M i H R
S PR ER UK 22 A6 I A AIF 5 H T X DX I
DN LEASHIE F P EPSE /Y QRS UK STENDN
GLAS MM AR SRR - & REME T A2 R T 2R
ARSI AE B PRI BIF 7T 7 KA. DR G 5 T 4 I

Mo TAR B (AR R T 10 s (2) MLABOG TR IR AR/
MU 2SR IBOT 1] A AR A B AR JEHE A
RSB ™ F A M X e i — 7 ) U5 A PRk L R
FELB R RE TR AL 2 Bt Hh AR AT LS 3R
A = AR50 R AR R, P RO R o R AL T
30 em, EEEE T 10 em) L@ 70 HER (DEM 20 B4R
T 1m) ) DEM e R A a4 it 1 i m
WLINAHE. AneT B 20 5 BOR T 28R 5 1 B 35 45 44
HR IS RWTE R — A EE 7 [ (3) HLERBOL &
IRANRE A T Wi A AR I ) 9 I 2 B B DR |
AR LI B i L RE S T e B ASUE AT PE A S AL E R
PO SR CA ORI ATHY 52 e TAR 2 54T
B LRI T I AT DA D A 45 T 3507 A ) 3 5
G I A L Y — b E ZEEOR T BL [RRE niT B
) PO SRR S A AT LSRR S
JE TR — A FE BT [6] 5 (4) I 7 LR AR HPURNAE 2 4= ik
FIIFE  — T LR S A U 50 1) B L. 13
DA I s OWLI e A CEL 45 GPS) HUBE AR A5 Ja) & 1) WL
. WO T IBLARIR KL Bk T4 31
A UL 2 4 R T A ) DRI » DR e AR T 2 R Tk 12
PEERTRE IR LN Bt 45 B R —
A5 T AT 5 i o BRSNS G T
7 BF AR ANt ) 5328 o DA I DA T s U A L ) o7 2
PN ZAEPERT T 2 S 3t LI K dhs.

(EAFEE RS » 3R E A IO TR IR I 8 B AR
EIRETT I BT FER AN 2 55 . AL Tk AR B B i
WASCIZRR » Fr BEREREIX T DR AR 2145 R 3t
AP A B AR 3 M A 5T 2R A 5
PEARIT B TRACHE R B 76 =2 5 A L.

References

Arrowsmith, ]J. R. , Zielke, O. , 2009. Tectonic geomorphology of
the San Andreas fault zone from resolution topography: an
example {rom the Cholame segment. Geomorphology,113;
10—81. doi: 10. 1016/j. geomorph. 2009. 01. 002

Axelsson, P. , 1999. Processing of laser scanner data—algo-
rithms and applications. ISPRS Journal of Photo-
grammetry and Remote Sensing ,54:138—147. doi: 10.
1016/S0924—2716(99)00008—8

Baltsavias, E. P. , 1999. A comparison between photogram-
metry and laser scanning. ISPRS Journal of Photo-
grammetry & Remote Sensing , 54: 83 — 94. doi: 10.
1016/S0924—2716(99)00014—3

Begg.J. G. , Mouslopoulou, V. , 2010. Analysis of Late Hol-

ocene faulting within an active rift using LIDAR, Taupo



%2

b O TR IR RORTE M v 1 353

rift, New Zealand. Jowrnal of Volcanology and Geo-
thermal Research ,190:152—167. doi: 10. 1016/j. jvol-
geores. 2009. 06. 001

Bindschadler, R. , Choi, H. , 2005. Detecting and measuring
new snow accumulation on ice sheets by satellite remote
sensing. Remote Sensing of Environment, 98: 388 —
402. doi: 10. 1016/j. rse. 2005. 07. 04

Boak, E. H. , Turner, L. L. ,2005. Shoreline definition and de-
tection: a review. Journal of Coastal Research ,21(4) .
688—703. doi: 10.2112/03—0071. 1

Booth, A. M. , Roering, J. J. , Perron, J. T. , 2009. Automated
landslide mapping using spectral analysis and high-reso-
lution topographic data: Puget Sound lowlands, Wash-
ington, and Portland Hills, Oregon. Geomorphology,
109:132—147. doi: 10. 1016/j. geomorph. 2009. 02. 027

Chang, K. ]. , Taboada, A. , Chan, Y. C. , 2005. Geological and
morphological study of the Jiufengershan landslide triggered
by the Chi-Chi Taiwan earthquake. Geomorphology,71:293
—309. doi; 10. 1016/j. geomorph, 2005. 02, 004

Chust, G. ,Galparsoro, L. ,Borja, A. ,et al. ,2008. Coastal and
estuarine habitat mapping, using LiDAR height and in-
tensity and multi-spectral imagery. Estuarine, Coastal
and Shel f Science ,78(4): 633—643. doi: 10. 1016/].
ecss. 2008. 02. 003

Chust, G. ,Grande, M. , Galparsoro, L. ,et al. ,2010. Capabili-
ties of the bathymetric Hawk Eye LiDAR for coastal
habitat mapping: a case study within a Basque estuary.
Estuarine,Coastal and Shelf Science, 89 (3): 200 —
213. doi: 10. 1016/j. ecss. 2010. 07. 002

Dietrich, W. E. , Bellugi,D. ,de Asua,R. R. ,2001. Validation
of the shallow landslide model, SHALSTAB, for forest
management, In ; Wigmosta, M. S, ,Burges,S. J. ,eds. ,
Land use and watersheds: human influence on hydrolo-
gy and geomorphology in urban and forest areas. Amer-
ican Geophysical Union Water Science and Application,
2:195—227.

Fricker, H. A. , Padman, L. , 2006. Ice shelf grounding zone
structure from ICESat laser altimetry. Geophysical Re-
search Letters ,33. doi:10. 1029/2006GL026907

Glenn, N. F. , Streutker, D. R. , Chadwick D. J. , et al. , 2006.
Analysis of LiDAR-derived topographic information for
characterizing and differentiating landslide morphology
and activity. Geomorphology. 73: 131 — 148. doi: 10.
1016/j. geomorph. 2005. 07. 006

Harding,D. J. , Berghoff, G. S. , 2000. Fault scarp detection
beneath dense vegetation cover: airborne LiDAR map-
ping of the Seattle fault zone, Bainbridge Island, Wash-

ington State. In: Proceedings of the American Society of

Photogrammetry and Remote Sensing Annual Confer-
ence, Washington, D. C. .

Harpold,R. ,Urban, T. , Webb,C. ,Schutz,B. ,2007. Assess-
ment of ICESat repeat track estimation techniques for
polar elevation change detection. American Geophysical
Union, Fall Meeting 2007.

Haugerud, R. A., Harding, D. J. , Johnson, S. Y., et al. ,
2003. High-resolution LiDAR topography of the Puget
Lowland, Washington. GSA TODAY.

Hudnut,K. W. , Borsa. A. . Glennie, C. , et al. , 2002. High-
resolution topography along surface rupture of the 16
October 1999 Hector Mine, California, Earthquake (Mw
7. 1) from airborne laser swath mapping. Bulletin of
the Seismological Society of America,92(4); 1570 —
1576. doi: 10. 1785/0120000934

Inada, R. , Takagi, M. , 2010. Method of landslide measure-
ment by ground based LiDAR. International Archives of
the Photogrammetry, Remote Sensing and Spatial Infor-
mation Science, XXXVIII(Part 8).

Liu, H. , Sherman, D. ,Gu, S. ,2007. Automated extraction of
shorelines from airborne light detection and ranging da-
ta and accuracy assessment based on Monte Carlo simu-
lation. Journal of Coastal Research, 23 (6): 1359 —
1369. doi: 10.2112/05—0580. 1

Ma, H. C. ,Yao0,C. J. , Zhang, S. D. , 2008. Some technical is-
sues of airborne LiDAR system applied to Wenchuan
Earthquake relief works. Journal of Remote Sensing ,
(6): 925—932 (in Chinese with English abstract).

Muskett, R. R. , Lingle, S. C. , 2008. Acceleration of surface
lowering on the tidewater glaciers of Icy Bay, Alaska,
U. S. A. from InSAR DEMs and ICESat altimetry.
Earth and Planetary Science Letters,265; 345— 359,
doi: 10. 1016/j. epsl. 2007. 10. 012

Nguyen, A. T. , Herring, T. A., 2005. Analysis of ICESat
Data using Kalman filter and Kriging to study surface
height changes and surface characteristics in East Ant-
arctica. Geophysical Research Letters,32. doi: 10. 1029/
2005G1.024272

Robertson, W. V. , Whitman, D. , Zhang., K. Q. , et al. , 2004.
Mapping shoreline position using airborne laser altimetry.
Journal of Coastal Research ,26(4) ;884 — 892, doi: 10.
2112/1551—5036(2004) 20[ 884 ; MSPUAL]2. 0. CO; 2

Robertson, W. V. , Zhang. K. Q. , Whitman, D. , 2007. Hurri-
cane-induced beach change derived from airborne laser
measurements near Panama City, Florida. Marine Geol-
0gy,237(3—4):191 — 205. doi: 10. 1016/j. margeo.
2006. 11. 003

Roering, J. J. , Stimely, L. L. , Mackey, B. H. , et al. , 2009.



354 HBRBL A E TR 2 4

% 36 &

Using DInSAR, airborne LiDAR, and archival air photos

to quantify landsliding and sediment transport. Geo-

physical Research — Letters, 36. doi: 10. 1029/
2009G1.040374

Ruggiero, P. , 2000. Beach monitoring in the Columbia River
littoral cell, 1997 —2000. Washington State Department
of Ecology, Coastal Monitoring & Analysis Program,
Publication No. 00—06—26,112.

Schulz, W. H., 2007. Landslide susceptibility revealed by
LiDAR imagery and historical records, Seattle, Wash-
ington. Engineering Geology, 89: 67 — 87. doi; 10.
1016/j. enggeo. 206. 09. 019

Shen,]. S. , Zhai, J. S. , Guo, H. T. ,2009. Study on coastline
extraction technology. Hydrographic Surveying and
Charting ,29(6) : 72— 77 (in Chinese with English ab-
stract).

Shrestha,R. L. , Carter, W. E. , Sartori, M. , et al. , 2005. Air-
borne laser swath mapping: Quantifying changes in sandy
beaches over time scales of weeks to years. ISPRS Journal
of Photogrammetry and Remote Sensing .59 (4): 222 —
232. doi; 10. 1016/j. isprsjprs. 2005. 02. 009

Slobbe, D. C. , Lindenbergh, R. C. , 2008. Estimation of vol-
ume change rates of Greenland’s ice sheet from ICESat
data using overlapping footprints. Remote Sensing of
Environment , 112 4204 — 4213. doi: 10. 1016/j. rse.
2008. 07. 004

Smith,B. E. , Bentley, C. R. , Raymond, C. F. , 2005. Recent
elevation changes on the ice streams and ridges of the
Ross Embayment from ICESat crossovers. Geophysical
Research Letters,32. doi;10. 1029/2005G1.024365

Stockdon, H. F. , Sallenger, A. H. , List, J. H. , et al. , 2002.
Estimation of shoreline position and change using air-
borne topographic LiDAR data. Journal o f Coastal Re-
search ,18(3) :502—513.

Strurzenegger, M. , Stead, D., Froese, C., et al., 2007.
Ground based and airborne LiDAR for structural map-
ping of a large landslide; the Frank Slide. Proceedings
of the 1st Canada-US rock mechanics Symposium,
27—31.

Szekely, B. , Zamolyi, A. ,Draganits, E. ,et al. ,2009. Geomorphic
expression of neotectonic activity in a low relief area in an
airborne laser scanning DTM: a case study of the Little
Hungarian Plain (Pannonian basin). Tectonophysics , 474 ;
353—366. doi: 10. 1016/j. tecto. 2008. 11. 024

Wechsler, N. , Rockwell, T. K. , YehudaBen-Zion, 2009. Ap-

plication of high resolution DEM data to detect rock
damage from geomorphic signals along the central San
Jancinto fault. Geomorphology, 113 82— 96. doi: 10.
1016/j. geomorph. 2009. 06. 007

Wehr, A. , Lohr, U. , 1999. Airborne laser scanning—an in-
troduction and overview. ISPRS Journal of Photo-
grammetry and Remote Sensing, 5468 — 82. doi: 10.
1016/S0924—2716(99)00011—8

Wesche,C. , Riedel, S. , Steinhage, D. , 2009. Precise surface to-
pography of the grounded ice ridges at the Ekstromisen,
Antarctica, based on several geophysical data sets. ISPRS
Journal of Photogrammetry and Remote Sensing ,64(4) :
381—386. doi: 10. 1016/]. isprsjprs. 2009. 01, 005

Woolard,]J. W. , Colby, J. D. , 2002. Spatial characterization,
resolution, and volumetric change of coastal dunes using
airborne LIDAR: Cape Hatteras, North Carolina. Geo-
morphology,48(1—3): 269—287. doi: 10. 1016/S0169
—555X(02)00185—X

Xie,H. , Ackley,S. F. ,2010. Sea-ice thickness distribution of
the Bellingshausen Sea from surface measurements and
ICESat altimetry. Deep-Sea Research . doi: 10. 1016/].
dsr2. 2010. 10. 038

Yamamoto, K. , Fukudo, Y. ,Doi,K. ,et al. ,2008. Interpreta-
tion of the GRACE-derived mass trend in Enderby
Land, Antarctica. Polar Science, 2267 —276. doi: 10.
1016/j. polar. 2008. 10. 001

Yamanokuchi, T. , Doi, K. , 2010. Combined use of InSAR
and GLAS data to produce an accurate DEM of the
Antarctic ice sheet: example from the Breivikae Asuka
station area. Polar Science ,4:1—17. doi; 10. 1016/j. po-
lar. 2009. 12. 002

Zhang, Y. H. ., 1996. Erosion hazards and their control in
coastal regions of China. Jowrnal of Catastrophology ,
11(3):15—21 (in Chinese with English abstract).

Mt o 305 2% STk

b Wk i TR AR, 2008, ML B A 76 B0 R T
MRS R R T O () R ). B IR AR (6):925 —
932.

F X AR AT L SRR L 2009, 13 R ERARIUCEL AR B 5T 13
4:.29(6):72—77.

sRHHE 1996, P AR e S LBA. KE Y 11(3):
15—21.



