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Analysis of Hydrological Surface Characteristics using ArcView/Spatial
Analyst GIS Extensions
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Abstract:  Generally, several hydrological characteristics which can be obtained from geographic processing in GIS S/W
would be utilized to actual hydrological applications such as landslide stability or drainage analysis. Furthermore, by using
practical GIS extension programs, it can be possible that automatic extraction task of those information, which was time-
consuming and complex processing, is performed as systematical and automatic processing. In this study, using ArcView
GIS S/W and its extensions concerning hydrological processing, some waterflow and surface factors in the area of Yemi
sheet scaled 1:50,000 were extracted. Then, assessment of landslide stability, determined by DEM-based variables were
carried out in order to investigate practical applicability of extension programs. It is thought that several hydrological
factors extracted by this study were significant information to predict field model or hydrological hazardous events. It also
reveals that landslide potential is overall stable with stability index mapping and S-A plot, with theoretical basis. This
methodology can be applicable to other areas related to hydrological characteristics with measurements in fields.

Key words: Slope stability, hydrological characteristics, ArcView/Spatial analyst, GIS application

2 o GIS W AR AH7[HE o183l 4g & e FEAY 54U AR 4oy e
vd S 22 g 72 8 A7) 78] AEE ARGET B AR R AE sFed GISY Y =
ZIPEL oY 71E FE B T ople, odde B FRAYAFS B €& AN B FRES
AASE L Asstd HHE Bl E4A B4o] 1edEE dhal Jlrk B ArdMe GIS SIW 838 AFelA
g Z2aye) AxE HEAL AWE) Y3lo] ArcView GIS S/WSH o Z 7lko g 3 SR B4 Zeay
52 o183t AuAH(1:50,00009] 5 B AFAAE FEAAULH, A8 7] AEFE Bl ARSAEES o
6& »37}»&43 drsiet. & A7 AR FF Z2IPES o 8a 4 FARES U4 FRY} 2 AAEE B
ol AOoE UehA, M APHoE FFo] rhed AoE eI, & 37 oPdxdule] dubEel ApEet
AEE APHYAFS} S-A Plotd] 28 AFE oj@8HozE Hwd HgAQ A0 vehgth B A& uhie A
Z4A9} A FEAY AT BAE JIEr NGl ALo] 7hssin

FRO01: AFRHA, 721A8 EAJ21R), ArcView/Spatial Analyst, GIS $-&-Z&7%)

N B2 27191 1990dth zabele $BAAS AP, &=

Ego] AR89 B85 ko] 714 Fo= <lske

SWolA GIS S/W(Software for Geographic Infor-  GIS7} 42578 AE7}S] osirlnt &850 gAqt
mation Systems)7} <32 Eolellq HEH7) AFst  HIZoe GIS FEEoMIMNE A= TP AR
3173 (GUL: Graphical User Interface) 5°] ¥wtsls

*E-mail: kilee@hansung.ac.kr HA o]E]3t o]z 2E50] Yo #A=Y GISE AT




492 op

Hog Agsls ok §43] FiH AdvkE=
BRI FB7)ExSY, 1999).

dvkEoR GIS S/WE 7o R 3k $-8aTE
2 F 7 F2Eel ok A ¥MAE GIS SIW
AN AFshe vt 715ES AMEAK(End-user) Y
A ARgsleE e B 4 ok F AR Aee
7 dAre] A GISAlA AlFske iR &
T 715S BF T N Ado))e ol&sl
E8EH A3t 1K3 Ve e &8 T2
oz sfusle et & 4 Atk wekx AR
A} gl dnk AMR), A, I X2
Mz 5o FEHY, S s AKRE GIS
SEEopt g Ak Aol AFH om,
GIS 28§ oM & Z2IA& st &
B3k A BA &k

S A7 EAYNM = RFF 9RE Zde
A 3 HH| AT ARE 7| EHLE o3
), o]} #Asl 71 GIS SwE Fis] H43t
I JE B Bopt 7 74, 8] $8Eo)
2 & 4 o} ol s Fobol gt GIS & Wi
o} 7]EAQ A AHIHHL ok A== Yws)
7F 7R 24 e, ol ZYd GIS S/W &
g3 g Aol Qi

& Bo] FARAF AHsle 7HAe A FARE
FE3hs 729, 1904 Wl 271] Unix 7]
H ArcInfo 7|8 dlZ19]o] ArcGRID EZ21#S 3
7ke AMgste] 712AQ dYolg kg BAS 53
8o} X 2=249 (Digital Elevation Model: DEM)
< A% H GIS S/We 712 71599 AML(Arc
Marco Language)°|t} CR10] 55 o]83le Hxe]
T2 a3-e Juske Fgo] koYt - &
3}, 1995).

AT H2E UEF HRE gl Aok
AY, 53] I A dolgMels AersE
Uo7 A P& ZASoe 95$- 29 AN
ArcInfo 8.1, ArcView, Maplnfo, GeoManias3} S/W
E(Tool)} oA AZsle 2THEA (ArcViews]
Avenue) & 7]2910](ArcInfo?] VBA, Maplnfo]
MapBasic, GeoMania®] GDK) 52 ARg-3l] Hagh
$-& T2 IY(Application)yS 7Eale] 4Tl FHE
S 4

$7 GISYl F0% S8 Holdl FERY BAR
obNe) Fat ATERE F2 59 B FF)

U 5 Gl dig AR Foll FHEo] 7is5d
83 432 E MO’ Callaghan and Mark, 1984;
Dietrich et al., 1993; Meisels et al., 1995; Garbrecht
and Martz, 1997, Montgomery. et al., 1998, Hell-
weger and Maidment, 1999, Mason, 2000) 5°]H,
FUde RS HEske AW ARIATFAEE
@, 1996; H9E - AEA, 1999), 3 FE IS
A3 T Al2d ALEEFALTAL, 1999) 3
2 3EAE FE F9HY gk =8 A7)
Aot WolAdA #4 F3RIZ F2 2ds}
7} Ve AE AAES doEHulo| Az sl
A3 7189 Ad F AFEYEE 24d Ag3h=
Fd QTR - 973, 2000 7RI Y= F
Alejct,

ol FAld w2l Hole s HH9| HolH
RE(ESRI Arc Hydro Model, 2001), ZiAIA 3¢ 4
3 B2 (Davis, 2000) 5% UXHI Y=, ©)F
3 FEsh 2YS NE A wiAEE AR )
= sht FF skdelv o AR FHolU A

B2 9%s £ 7FeAol ik FWdME 7
A= A ot BEAZ@ALLZF, 1998)S
ot FEAAE Al dag gdgt =3 &
J AEEL BFES ZHA A3t v Ak
gutH oz [Foolut £ Adofre] {11 E
= AYAREL AF--7EF AT 5HLE o
£ SRR $554 Y 53 7 Fof |
oA Z83k ui/fEseE o] gHThHRY - o=,
1999; L% ], 2000; Brasington and Richards,
1998). F=3t o] fo FH= A Al o Foly
B 53 22 AdAE dpeME Fa% AsE
ol g5 it} o]9} FAdN GIS 9 E /AL &
AN A 4 ARE ol&I AU 484 2dS
ol gah= APHOFEA (Landslide Stability) #-4A7%
A& 3= JATHO Loughlin, 1993; Montgomery
and Dietrich, 1994; Wu and Sidle, 1995; Smith ez
al., 1997; Montgomery et al., 1998; Wilson et al.,
2000).

B d3oME ol#g GIS /W §7e] wH3le} 3
A7 8 Z2IRES NS 7O R 3o,
FHIo E 2 /R R B S8 228
FHo2 L3 FEE 5 AAAAE FAEA
o}, A4 AsAEe A gukdd s HFES
7AdA 73 de] o]&H3 Y& ArcViews} ArcView

=2

x

=

T
=

J&m



ArcView/Spatidl Analyst GIS &8 T2 IHS 0|83 2Ky EACIX 24 493

of dF=] 83 GIS TN 7158 FIE +
A= 3H= 9| Spatial Analyst Extension, 7]
Al AAY JEAE15E 7 & GRID Ex-
tension, FrA 2 FEFHE A 5 7KL AU
£ Watershed Extension?} Basin Extension, ¥]= DNR
oA Avenue/C 1oJ2 7H%sl HydroMod Extension,
s REHUSE Fe@EATANA Avenue/C
Aol gk AMESEAR #E FrEAHE 94T
TARDEM, SINMAP Extension(Pack et al., 1998) &
< o]&3l%rh.

¢ A8d Ase A okt GIS EolollA 4t
AAl EF(de facto standard)® 2 ©]E-EF Q)= Shape
IR USGS DEM AR Fo8 24 AJn
2o a3 7I1E ARE HEZ 1539 FE3)
ot

2| X8 SH2IXt(Hydrological
Surface Characteristics)

olEFl #YAF S AF71EE e
T DEM ARE 7|WIoR 39 33 ZAY 4
3 wiAo] wlEHo] = A As FEO| 7tF
stk Wby olgA FE2H FEXE SR
DEM #ge] Agwet o] @ JFE WA
ot 29 DEM Aae 2H#E L 949385
LIDAR(Light Detecting and Range) %= IFSAR
(Interferometric Syntectic Aperture Radar) 7% 52
o3l FE|E 3t AsoR A= AR,
£ dfdxe 7R gukRel Wl AYE A
ARE 502 yxEl|AG F, Vector-to-Raster 7
HE 3838l Wisla ARskshe WS E 1:50,000
T8 AYEE 20m 74 TIA2E ArcInfo &
ZZ oA Agsl= DEM AFHHE o]8sk
8 W37t 30m*30mel USGS EHe DEM =
EE Sinkg AASI FEIHAT dukgos 2%
3} 722 5% DEM Aole Widasgely &
¥ g dAleN e A9y o8 ¥
e Sink7} s HEE A Hages oF
AAsNoF & Hart gk

Sink’} A4€ DEM AZZHE 4L 5 A& 7]
£AQ #HIAEEE A K F(Flow direction), fr
A(Flow accumulation), 8Fdx}(Stream order T+
Stream network), 4 (Flow length), 9744 #&

(Watershed Delineation) 5-°] it}

FERe dutz oz 3+3 AzlFRoA FHHY 9
A Ax A F9) S8 FA BAPLEES 18
slo] AMSA "o, Hdl Arpiges ARshe v
W e 39 RE 47 7188 A Alkske
Hh So] AMEH T Utk Tarboton, 1997). F-3S
oAzt AR sk AZPath)yE AP st
&t (Down stream)2 Yehl= FHE Az 2
el 9len, 432 faleld 7P 2A U
e Z22 Jepdd. ¢4 spEakre ke &
go] AZHe AHEE FNetwork)2Z FASH A
oz 3d Je dAANI= YEFH WYoRE
Shreve X543} Strahler 250l Tk - 3
23}, 1995).

T GISE 7HeE 3 & #d dvoMe
olgg AJAH AAFZE §(Watershed)?)
AR A FEol Fad 715HZ e d, o
o A9 & 729 {9 ZAAs 499 wieA
(Outlet point)S ZHE ol#g wj5Ho] FFL v
= 7 AE, +95% diiss s A
e},

Aot e 71RAA AYPAFRL T FREY
A} 9oz APHOHYA Ao o] 8" & e AHF
A5 (Wetness index), & 0]5A](Sediment Trans-
port Index), AFAQH A (Stability Index) 53} 722
TR AR FFo] 7Pt ojEE 77t
9] EARIREL A dAdMe ZAXNE s
Y Ee 2AHC $F mdoly Ar-fE2F &
e 53 2L $4A70) R AFEE o}
4 i}

FARXFWL Wetness Index)= T3} 7o) A&
g 4 gl

WI=In[A19] B3 fanzt AR} AARR)] (1)

A AelN 7 FATE 4 AAPEE AEE
Fo2 AFAHA AxY B EAnY T35S
el dgEly] Hrhe o 9l Yeld
e AR A gt vgAEE XA she AR
ZX](Brasington and Richards, 1998), 3FA7Z}=A4
(Stream Power Index)$} @& #&Ho] Sl 319 H
o) FR|4=(STL: Sediment Transport Index)= o}efi <t
Zol AN 913, 7} Al tigle) AME FE
< 9ot "RPIAE ZF ARl digt AE 5440A




494 o

2A o] wet BEYEY] FEE ehly] g
ARZ o3 4 ik

STI = (l57A1 2] B21/22.13)%
*[sin(zt AR ZAAE)0.0896]" )

g APHQEYR)4=(Stability Index)= Pack et al.
(1998) 5°] Montgomery and Dietrich(1994)7} A}
AT B4oll AHegd F3k APHY  2dl(Infinite
Slope Stability Modely 71% ©o|&02 3o} A3}
g mdRoln}, AFAA = frel 7191% &F
A= AFE Stable, Moderately Stable, Quasi-stable,
Lower Threshold, Upper Threshold, Defended 52
6719 5F(Class)o.2 £73ld, Axg 122 3o
2 A o ZAA S Yeply] 98 iy
olty. ¢ oledt FF EFHY 7SS A LA
e o= A AFE E2 st AHHE A
o2 Fuff dAdE vk o7t 3+ ok

o] W& Zzke] Zjel| thale] ALzt AR R
ST} AFATE FEHUTE THE B
Aol g FAXE Y BEE dytzloz 9
7 g ol 158 il A5 FY
HE Abde AEdEREdIE i zlelrt Qo
g AE2 Yehue Ade A RN E
AT AXNAHIndex)2 2] 7hsab, A £A4A]

128°30' 00"

o= Contributing AreaS EBEY EIIEE 7|Fo8
ato] APHQIPA| e} Zro] shte] =EZ FHdhe
S-A(Slope-Area) Plot WS o]43 4 du}.

S-A Plot *o] e 8k, o283 w7} 43
Z2339 Fol g AFEA UE-2 Pack et al
(1998)°l141 A8 Ao} 9lx, £ AFore o
HPHe] AA A8 E Ax BAo) v5e oo

}

B AFoMe ellA A9E GIS sw 2 3 =
2OE olgs] oy XY EAAREE AA
1:50,000 £39] Ten]; =S tod oAsi)
Fig. 12 7 X999 A=A vkl d7AY
o] A AF71E-S YA DEM AF5E it &
oA} Zo] ] FHIFTE FIZ Fig. 190
DEM# 7ol A ARAHHE A¥HE dxrt ofd
Ut Axolm, tigH]l 7|EPITE el §
3 ZloZ ATX9He] GCP(Ground Control Point)
£ o] 8¢ A w52 A8 ¥ttt

Fig. 29X ellA st 71840 4711 2
XY EGHBY (a) Sink& AAE Pitfilled DEM,
b)) 73, © 34, (d 3L HydroMod, Basin,
Watershed 3 2% ArcView GIS &% ZZI3S

Q
HE o o A

=l

128°45' 00"

37°15' 00"

37°00'00" 1
128°30' 00"

37°15' 00"

' 37°00' 00"
128°45' 00"

Fig. 1. The Yemi topographic map (1:50,000) draped on DEM, resampled as 744*927 pixels. Modeling parameters: Camera
position (400, —500, 600), Heading (0), Pitch (-=35), Focal Length (500), and Z scale (0.1).
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Fig. 2. (a) Pit-filled DEM superimposed with stream lines, (b) Computed flow direction (unit: Azimuth), (c) Computed flow
accumulation (unit: number of cells), and (d) Computed downstream flow length (unit: Meter).
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Fig. 3. (a) Watershed delineation with respect to 8 outlet points, digitized from paper map (b) Computed Stream network by
using Strahler ordering by cell flow accumulation thresholds of 50 and 100.
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Fig. 5. Distribution of stability index with flow direction.

A AL Ase AA 2 9§ $F mdohy
EY AR, 71597, " 5% 5 A o9
Az} st TS & T Ue ATH AHES
o] Aol 8458 A Fe AF Aoz
A9 94 A 2 78, EY FrE5S e
BAAJA FEAY SEFRE on]i)

Fig. 5= A4 A84x 9 thd A3HFig. 3012 8
0 S0t AFAMYAI A (Fig. 4d)1E &
A3t AR, 7t WA olA ‘Lower threshold 73A}
A9 2 A S EE AN FEe] $AEA o
s e & F ok

Fig. 62 AFH Z3Atol] et Catchment area®] AFH
Fd B4 Plot(S-A plot) 2.2 Uehd o= o}
S 2 iR 233 AISE Aot} S-A
Plo] HEE wiEsaAN, EYY F5F Af
(Transmissivity: m’/hr)$} 3H%¥F#(Recharge: m/hr)®)
H]Q1 TR At AN 27] AA ghee] Has)

Quasi
Stable stahje
. .

Contributing Area

0 10 20 30 € 50 )
Slope (degrees)

Fig. 6. Slope-Area Plot in the study area.

O stable

I Modorately Stable
O Quasi-stable

B Lower Threshald
W Upper Threshold
D Defended

NE

o} AF AGuje] AEd HEA e HEE ZHHA
E gten, o239 EXE AAsl AMgsl
e e 71E0E 3o Al AT H L3 &
3 B AT FE A9 yERS 2F3e A= b
FAEA, 2 Ao o] GISY) 8 Fok
g4 I+ =l 3F Field surveyell 213 A7} A)
AlEd Hoh JEs A3yt 229 o= Jov 2
Aol AHLg Whgo] W] EFANE wEdh
A A E g mdojlrg 27} o3}
HHE dAe 948 o= AZHI B A7eA
283 W groEw AEFQd YL 1eE Ao
2 Azpdr},

B d7ol 243 S-A Ploold g B4
At gke] HlE 2000m ~ 3000m, ELEIA
zZhe el Ast AAXe 30°~40°, T A Cohension
Ade 47 0.0~02508 MRS AA) 499 o
3t ALY A=A g9 3000009 AEE i

2 Plotd Aol a7l B 23N WYst

= A5 oA AR vl o] HE A9 2
#E e Ho gAY S4ueke &
T Aok ZE 7} W] At AARlE AM oM
T Hrhl HEse B34 Uncertainty)S I3
RAoE P A7} 7] AR Wl &A)
b Fig. 60l AAE AR Adks 54 #2199 A}
d A=Y Ui grigle AEE 78 5 Utk
53] S-A plote Fig. 4(a)° AAI® Contributing
Areast Fig. 4(d)°l vehd a7 AW APALIAA]
F Mg AFE gelAM A3 wyfieE 243
o|EAR EY IITE J|EOE A EHIH T



498 ovi

Hogz Fuy Aox, & Ade] 4
vepiz gint.

£
filo

Z

rhu

9 33 22 IS o] 83l DEMEF
H FEHE 949 FEREF EAAAE 8T A
Qo] B4 B4 W dopel, APAFEA EAolu
SR A5 72 ddst RS &8 a7
9] 7]2AQ Fr2 AMSH.

B AFdre GIS SIW 234 dA7elA 23
Zzade] AR 84S AErT] sl dA)
Quid oz @o| AMET UE ArcView GIS S/W
o} o] 7uko g 3 oy 7] SRR B4 Z=2
aPS-E HBHoz olgsle FEEAAUA B4E
Y&

AA A7Age BEY, 715 § 24 AEE HE
A LA, 29 EARIAEL A AYES
TEe £ AFE FEo] 7Fedith BE o A
Frro 2 FAHQ AEA oA H S A& =
Fsi7lole 7 dAT, A EFU AEY H
ZxE FHshe RYAS0| RS A 23 2 A=
AR E o] AR A FoM ] APAEEAAE s}
= 298 ¥4 R olgo] 15t

w2 ads o 35 A F94 A&
3o dlg A FERE WF FEA ol8Ie
Ao)E AFEQAA B ATt ohis, 3% A
2 A3 oEEFe] LA F-83 =Hs Wy
U BN AEE olgd 4 gl 3 747t 38
Z2aANY] N REES AF AF TR o)F
oA, d% 24 AFEF ] A3 A =4
A-E QA HE A2Y SRR Bk 453
2 3k B4 2 FANZA@GEHTAATAE 1999)
3ol AAZ 7FeE ZAoE oddEr

GIS S'W X

o, )

A A

B A7E 20018 UGy yld7H] AL
ol S ARFUTH
o2

[=]
(=

ARTFH, 1998, FEAAE AF 2 AAR. AFR

A GW-98-2C, 98.

AAE - AR, 1999, ARk EgrREFARY -
B 9 ARIGT. @5 GIS 8317, 7(1), 39-48.
L% - A - A7, 2000, FEZHHMS)H GIS AR
g o83 243 #99 A= g A% A+ A

AR, 103), 263-272.

AEY - o132, 1999, I A2 PE drFE
o FPAR 5. ARSI, 6(1), 33-41.

4EH, 1996, TETAY Al we AAA SHEA:
AFA FAEAN A FHEY Y. 35 GIS
813)7), 4(1), 21-42.

A - FAE, 1995, AFAEA2HE o] 8 HFY
o] Fesky EAUAY & FFTEIUBA, 282),
115-124.

oJALR - W7, 2000, F7+ HlojEMlo]&E ol8dF 1991
SUAS A Y AR, 33(4), 321-332.

AL FAL, 1999, 3 B ARPEAILY FEET
A1, WRRI WR 99-5-2, 407.

PP AR7IenS, 199, FPPRALR.
GIS AEUHPFI=A.

Brasington, J. and Richards, K., 1998, Interactions between
Model Predictions, Parameters and DTM Scales for
TOPMODEL. Computers and Geosciences, 24(4), 299—
314

Davis, KM., 2000, Object-oriented Modeling of Rivers and
Watersheds in Geographic Information Systems, M.Sc
Thesis (Unpublished). The University of Texas at Aus-
tin, 133.

Dietrich, W.E., Wilson, C.J., Montgomery, D.R., and McK-
ean, K, 1993, Analysis of erosion thresholds, channel
networks, and landscape morphology using a digital ter-
rain model. Journal of Geology, 101, 259-278.

ESRI, 2001, ArcGIS Hydro Data Model (Draft), 45 p.

Garbrecht, J. and Martz, L.W,, 1997, The Assignment of
Drainage Direction over Flat Surfaces in Raster Digital
Elevation Models. Journal of Hydrology, 193, 204-213.

Hellweger, FL. and Maidment, D.R., 1999, Definition and
Connection of Hydrologic Elements using Geographic
Data. Journal of Hydraulic Engineering, 4, 10-18.

Mason, D. and Maidment, D.R., 2000, An Analysis of a
Methodology for Generating Watershed Parameters
using GIS. CRWR Online Report 00-3, 202.

Meisels, A., Raizman, S., and Kamieli, A., 1995, Skeleton-
izing a DEM into A Drainage Network. Computers and
Geosciences, 21(1), 187-196.

Montgomery, D.R. and Dietrich, WE., 1994, A physically
based model for the topographic control on shallow
landsliding. Water Resources Research 30(4), 1153-
1171.

Montgomery, DR., Sullivan, K., and Greenberg, HM.,
1998, Regional test of a model for shallow landsliding.
Hydrological Processes, 12, 943-955.

O’Callaghan, J.F. and Mark, D.M., 1984, The Extraction of



ArcView/Spatial Analyst GIS 8% Z2TI3S 0[88t +2/X/8 SAIX 24 499

Drainage Networks from Digital Elevation Data, Com-
puter Vision. Graphics and Image Processing, 28, 328—
344.

O’Loughlin, EM., 1986, Prediction of surface saturation
zones in natural catchments by topographic analysis.
Water Resources Research, 22(5), 794-804.

Pack, R.T., Tarboton, D.G., and Goodwin, C.N., 1998, Ter-
rain stability mapping with SINMAP. Technical descrip-
tion and users guide for version 1.00. Terratech
Consulting Ltd., Report No. 4114-0, Salmon Arm, B.C,,
Canada, 68 p.

Smith, TR., Birnir, B., and Merchant, G.E., 1997, Towards
an Elementary Theory of Drainage Basin Evolution:

The Theoretical Basis. Computer and Geosciences,
23(8), 811-822.

Tarboton, D.G., 1997, A New Method for the Determina-
tion of Flow Directions and Contributing Areas in Grid
Digital Elevation Models. Water Resources Research,
33(2), 309-319.

Wilson, J.P, Mitasova, H., and Wright, D.J., 2000, Water
Resources Applications of Geographic Information Sys-
tems. URISA Journal, 12(2), 61-79.

Wu, W. and Sidle, R.C., 1995, A distributed slope stabil-
ity model for steep forested basins, Water Resources
Research, 31(8), 2097-2110.

2001 99 23 A HP
20019 119 129 34932 A5
2000 12€9 19 9% A9



	JGGHBA_2001_v22n6-0025.tif
	JGGHBA_2001_v22n6-0026.tif
	JGGHBA_2001_v22n6-0027.tif
	JGGHBA_2001_v22n6-0028.tif
	JGGHBA_2001_v22n6-0029.tif
	JGGHBA_2001_v22n6-0030.tif
	JGGHBA_2001_v22n6-0031.tif
	JGGHBA_2001_v22n6-0032.tif
	JGGHBA_2001_v22n6-0033.tif

