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I. o]&3 W73

Ay g Fx3LE olF FHolgk & 4 At (Von Egeln, 1942). F¥x 9] A
7E ‘fEgxEol’g AAY = (Ford, 1968), ‘Eo]'v} ‘&3 o] s A4

AL nEste] FoFgom Fojojel cascadeE A F AT} Fairbridged]
A G AL (Ford, 1968)3 HElHlYyA 222l & AALA L) (Lustig)S =+

A GAIF A= FEolga H st cataractE 5900l cascade™
dhHez AT AAY A2 G237 A5H < Dstep) ez o] FH I Ao
2t akoleh AR FALA (FFA YA RATE 5, 20002 BHHe] T
Holl A FA% Aol Wk, & HolHd wPste FA BAE e

wolgtar el FHREZShUAAAHGH)S FEol FHHoR
olgtr, Fx= AP FYEI ol wek fd=olA
7P el B g el AdFolA dA oj=a, el ¢ gl u

gt 25 FEsHE =947 ARGl s HIeto] dropAa FHAA G oA

_

1

ot
[
o
N

&)
N
e
e

13) http://www.britannica.com/ol| 4 ‘waterfall & Ao Z 3}3ITh
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Eldo| A ZXE FFHo 7 HAEY] 938 Hikero o3]S AL23}o] 67

o golg AN waterfall ] ® oz FHHoO
3z

)

22 o] FA), cataract(BE NN doju= obF AHIAY w2
F3), chute((+71¢] 2 bouldertt ‘WA Abo]o] F2 W), talus(At
d @A 60°e1AY ¥ 7HekE AR mpef el doje] ThvkE Add),
scree(AFR AARZE 30°K T A2 A wbe] Soje] Adw)E Fx= F
st Aol ekl
Fxo 542 A9 540 o 2A4dH(Lustig, AAAM). FE= 5t
AollX 7hg 2 A\ AZE 24dsk=d AAS 7] Wl (Young, 1985) 3
2 (Stream erosion)Zt-&-o] 7H &dstA doju= sk Aol FE A
Ao s FEO Fo], sHdbed 71&7], ¥ (discharge), ¥4 T
3 3

A3Ach. EX 49 GAE B s Azwo A

1m

o A1 ASsed Fad BAE Fohd F Arh(Young, 1985). 5
o Jlugrel AAel A vhehbs FHES SRl HAAA Ao o

AFE &3 ATl A E=(Yuichi and Yukinori, 2003; Philbrick, 1970)%

S Aol Fxo P49 AET AGUVDAE AFT & A ANFES
FRANe Aty FRANES 42 An BIFAAL HED o|dW
=

14) http://www.aria—database.com/waterfall/2] ‘waterfall classification’ &-=oA] AAEH |5 A
Gipii=g
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2. Zx9 AAYAA B 5

ZX7F AT 7N st uds FAEE Ho]al(Wohl, 2001) 7

o] ZtH(Montgomery et al., 1996; Montgomery, 1997). T3l f<=9] H-3k
W G ePet st Zol/stEH| 9] Bl &o] 1~10W] Atolol & s T of
UH(Grant et al. 1990). FE= A F oA 2qtE FAAF AHA B 9
719ketatd(bedrock bed)oll EAgth A S FA A= ohE HE
o] Yet=tl(Wohl et al., 2005) ‘Fx'gt= AAFHAA G L stvho] ok

o] £EHo] FAFZE ol FHY FZs F9k ohd o g R
ZEE 44D A wgEdl AAsa 9l
SAe A AN F@ L7 AL AT A gnsa

A E st AR EFokH AR, Adstd, dRHoE U
i, SHFEEE o 71 d(bedrock-bed), A-@3H 3 (gravel-bed),
H (Knighton, 1998), ©] FolA 7]¥ted 3%
FRolA FAAOZ Yetdn AP A

|

WHjol H36tn, ERAYE AAHE =TT FEE FA ol @3
G

H
Z XA Yol Zdst AHAGFH tidk +F/F+ Grant et al.(1990), Mont
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gomery(1997), Wohl(2001) ol &} o]AK . Z AolA ZFHxo] gt
A-FARJA dF2 Aoy Wohl o] H(knick point)<, Grant et al. 7
Montgomery = cascade®} =¥l-E(step-pool)S EFF o] LA},

Grant et al.(1990)2 ASo 2 AR A 3 stxolA st 4
ol 7} stz & o] 1ufell A B w7t H& st @9 (channel unit)®] 7AE & Ak
435t AR F L A(pools), o (riffles), F(rapids), & ¥(cascades),
2H(steps) T8 EFIAT. stHATGANELE FHAAG Y FEjol A9
MZ/7 R Blg&o] 1~1081e] 7 9ol cascade®d 7]Wkel A ®l-Z(step-
pool)o]8}al 3t} cascadex boulder cascade®} bedrock cascade® W
Hed 2 =fEdAds 719eE stedel YEY= bedrock cascade?b A
ROl tHE 4). o &-A(riffle-pool)+ AAL=7} 2% 1w o, cascadet™
2%~4%N X =€ (step)L 4%~40% A 2 P}

r—{u:

Montgomery et al.(1997)& 2FA| 8} S colluvial, alluvial, bedrock2
2 U] AYAHQ FIH mE EAES 93t FAE, XAV, o™

s AAt 384

]_

d=d olEEel 5 Fobden AgAao] yH|/do] Hl&o] 1~4ufEh=

Ol

10,
o
=)
k1
oz
o
2
=
ic)
&I
N
A
i
Of
o,
2
o
[ o

Montgomery”7} W3}= cascade= boulder® o|FH X HOoZA 7]Wkek
sto] & Aol ofyrlo] & AFoA HAH Kz} = Fxos ALt

Ao}, & stxo M FAFol A FAE B gt Aol A EAs

T AeEA T FAEA QAR Mg 2 AARAAIEE 77 76k §)

j
A% I (Howard and Kerby, 1983; Montgomery et al.,1996)16), X3}

Sz 8e A% FEAMN §F, FAE FE NG AL, LFAF

16) Montgomery(1997)oll4] AjQ1-&.
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E 4. 7|=2AFe} 2 AT M2l boulder StatOl A SHAISIENT|=of st WAH|W
S 40| diskn Mallgl= £l Z = SN -
el g BEHs 9 20 o m2aMe sey cte degof
107%-10" Particle Boulder clusters
Subunit Step-pool morphology
Within—unit steps
Chute-and-pool topography
107'-10° Transverse ribs
"Minor" steps
Boulder steps
Rock steps
Channel unit Step—pool sequences
Pools
}nggzeasdes Transverse rib sequences
Isolated steps
Log steps
Boulder steps S
tepped-bed morphology
Bedrock steps Regular
. Transitional
10°-10 Rapid segments
Riffle steps
"Major"steps
Habitat units
Pools
Glides
Riffles
Cascades
Swells
Reach
o Constrained
10°-10 Earthflow
Bedrock
Unconstrained

<& X: Grant et al., 1990, p.341>
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5 2 stEfEe SHAo #al
st=72F | Coluvial | Dune ripple | Pool riffle | Plane bed | Step-pool | Cascade | Bedrock
Colluvial alluvial Bedrock
35 0|5 <~ s5% 0|5
Tﬁ;ﬁ:iigled variable sand gravel _gclgglile _%glalfdlgr boulder Rock
bedform : laterally vertically .
pattern variable |Multulayered oscillatory featureless oscillatory random | irregular
Sinuosit%/, ( bedforms) b?dforms
Dominant bedforms(du |(bars, pools), . steps, . boundqrie
roughness Grains | ne, ripples, grains, %r;hr{lg pools), %r;hr{lz s(bed and
elements bars) grain, | sinuosuty, grains, banks)
banks banks banks
Fluvial . . .

. . ’ Fluvial, Fluvial, | Fluvial,
Dontinant ) HUISIOPE, | fyyiay, bank|  fluvial, | (3K | nillslope, | hillslope, | hillslope,
sources flow failture bank failture debrisy debris debris debris

flows flows flows
flows
lee and
stoss
sediment overbank, overbank, sides of
element bed bedforms bedforms overbank | bedforms flow Pockets
obstructio
ns
Typical . . . . . . .
confinement confined | unconfined | unconfined variable confined | confined | confined
Typical pool
spacing/chann|| unknown 5-7 5-7 none 1-4 (1 variable
el width
<Z X: Montgomery, 1997, p.597>
E 6 7lute stzol xEatsel 28
BF G2 v f=
Sinuous planform | Non-Sinuous planform
. . straigh-walls
anastomosing meandering Undulating walls
Uniform bed gradient variable bed gradient
Pool-riffle/rapid
step—pool
knickpoints
uniform across | Differential across
cross section cross section
pland bed inner channel

<& X: Wohl, 2001, p.1206>
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d 7 gl Abgs

1

T

&t

5]

o Z3A A 7HA S eE B

h=13

-

)

3

e

S

tel Al

ar

5

i

—~
o

o)

]
ofo

B
Hr

o]th(Von Engeln, 1942; Ford,

]

-
Plo
~o0

a}]

o
ﬁo

FALA). o]

—_—

1968; Young, 1985; Lusting, B8 iy # =&}¢

<

. o1
Z

}

h s

1

Au
R

o)A AN @

=]

8

e

)

= 2A F AR dH e

-
Zy

}

ksl
pul

)

—_
o

ol

rock fal)@} <3 (block)”7} ®-¢ &

s A FZ(Vertical rock bars)7}

e

T

. -

A
-

)]
—
1o
2
o
ﬁo
i

ox

Z2E9] Great falls7} 21 oo]t},

<
al

-

o

"
—_
o

uh

ol

—~
o
=0

)

No

R

B
B

oF
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o},
(Cap-rock Falls)el] W

H
A8 whe

al

al

3

X 9]

3
=

= 12m&E H

hvA

-
%4 5 of

Z-
=

%357}

=

H =4
o] EF3AoA Von Engeln(1942)2 =& =

A, FFEXE A
(self-perpetuating)©]t}. H 2= E(limstone)%

8 o ARHom awuch

o= o 5 o B RO -
= 5 EE % ﬂ_DI ) ® _.E zt " i_v Mﬁ ‘z_o EW e 1) _._.L
W o = Mo Rer of = 5 T M oY % £ v
00X T zh o T D o o O T oy © |
R S 2 5 K oo =
S e r ™ S oy W o5 2n = =] Tw
i SwoE e ® =T 22N 8
—_— < T - —_
T 9 2 W oo Ao Hooa o Moowr ° yp ® ¢ o
7w o o = u,l T o= = ® B o om0 g X
— ™ & 2 o AT 1_\/_H S TRl T w s
a2 iwE 33 Ao T 2L ®
I R R 2 E T e L TELRT
N = o @ X < I o P of 3B
=S @ 2w & _ w2 W3 Hg 2 eI Ew g
— I~ = = ) ~ T
o ok o ST = = o K= < K
o P Eg cw Zde e Predy
o x W o ox 2% 5 o g E T S o N
(e &) e c O,._ z_ W —~
LTI A <= maﬁ,ﬂMmmﬂo_eﬁr%ma
e ~X o —_— 0 )
T 2w poa £ W s xR Moo R R T
st opril TETRIEIEaC
s 2N g E = %Aﬂ%ﬂqx T
G - B S M2 ey W Ne o AR o o
Loy S om o w i T o F o = ~
oy N o mo =N o ® X O O YR o
o T o w Mo T z = W = Y F §
w = B o I <o = 2o T 2 o= N = 2
T oo F % B - T x W
P ST N TR B Y TRy P E
o o WM ° o W = ~ W =
(A A S o g LT TR 2L
Ji., ~ [N} — = il (23 X Fu jast
e AR 3 w2 ¥ fo dm R M ,m.w B o o Em
> o w7 0 T oV B 5 = _ >
ITRRL S I A x B 5 o
e L EE R 5Ton oL T T ozl w o
o 0 oo M = i/ = T o RO M_. = T i iy m
o o0 ﬂ.ﬁ ia) E_E HT._ o jain _ZU C_l . .O_ N
S TR VR VR B K I & =R W
= T H T T o~ M D
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2 WA Aol Eo| A17) Cascading Fall(2 7je] ©oez o]FH), Ledge
Falls(of o] 7pgate] o] 259 2ol IAH= AR o] Ji a7
2 5% EYola AFEE =AY A H), Overhanging ledge
allsUFg 7439 FX =2, akxlol] o8 s2+= Adnk FAo] dojyo] 1}
w2 A oz =71 w g4), Slide Falls(3Hdol &) 7tst27 AA}
. wke] o ofgiFow FAHH AolH, 7HE wigo]l §l&), Parallel
alls(WshatA] @olx = F71e Z3F), Multi-cascading Falls(e & 7)o 3
Pt TV} 2 G o] FH olgfEZ o7 {7 2+ A), Fan Falls(F
< Z37F F39 uige] RAEI F dPo] <tolA wroerE A o
HWEol A= gEje] E3), Staircase Falls(3F¢tol A 71Ax8] & do] =
1 B Aol FFE JAse F2), Combination Falls(ZH o4 3
=

e et FEE 50 I ol G 549 TA4HY [

rr

(|

ol Fxo titts= o] FFY) F 97 IS VAT

T WA Mol E=18) Block(F X9 wolHt}h YH|Z7F f &), Cascade(F

& T(step)®] AEFA oY HAH FWHol AZ), Curtain(FEO Fo|7F Y
HE T ¥5), Fan(E°] "ol ™A fF7F Hsls WA o I =181
AF-ET ethe] o] W), Horsetail(fr5Fol 4 stA A 5w 78k
FHdog =

2
i)
o,
o,
rot
ra
ftlo
X
o
K
mlo
-
=
5
0
@
N
XN
=
€
rot
B[
H
o,
o 5

dEHE X
oA vpgZEZo R AaA Eol YrhA stFel & poolo]l &), Segmented
(dH oz "o 7] Ao stdol FIh ol 2= Zehd), Slide(cacad
eot Hldhy o] F=HA JEsta 7]ekeko] @Rkeh), Tiered(EE717F 7
A oolde o] Fu st FXE HQ) T F 10719 F3S AAHr

17) http://www.aria—database.com/waterfall/ ‘waterfall classification’ | #]|A]

18) http://www.world- waterfalls.com/help.php ‘waterfall classification’ ] #|A|
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1. 34999 Be BF

D degdd 93 INE FX
A (joint)7F Wow didem dert A2 g vl oFsirt= A

o FA o Adolth, At gow AdAoz A4 Aol ua fol

gt dEAR A8l frel o] v 3
Zle} A Abolol] ()
- ARG REEY EE J% 29 dFEe
A FoiH oz ok wdde Fiol REEi Fowdoer F3b
o] &4 JHE Hlth
- 2] (plucking) & & <3
oA fol ol JheiAE FAH A, do] EFHL
- FAAE g7 £3Y: AP BFE AP S o] Erh
- AEd g BE g9 o T AGH: Aol o) 7]wtAbE ]
TR0 4Tt BEHo AdEE olF= FErTh
- Ao 98 EIEE g9/ f=2E ol IHE A F: A 7w
S wet A Bed 49t s K ERE ol vars
EolA FAHTE o A5 dFet & Alo]lE Eo] oY ZHE S2WA

&t H (stream power)o] £4FE I aFHF= o] Aol IAPHAT. Fo] &

r$L
i
e
ofll
I
53]
QL
(L
o
M
2,
0
k)
N
%2
rlr
o
=

(2

ool Aelw

1%

A= =23 FAR Aduderws 5ol



2) 33 BAE 93 ddEHE ¥

AR A Ho| JegFe F= Qo2 FAAAES &3 8 (stream powe
r)(Seildl et al., 19949)& & & At} AP & 2Fst= A2 of
B ol S FEFTEEE=H A8 4 ol tH(Chartrand, 2000;
Halwas and Church, 2002; Wooldridge and Hickin, 2002). Z¥+= A|A}

smoz A% AekAs st "ol A(Knick poinvelehs AAE Yol
A48 AsAom woud d@Nd ANEE 9RAT, BLL o] %)

E= dASY AA, vHE olojF= T ARV Ak A

49 #EZ B FAES A¥E T A7) WEolth
AAZ AHAE S E EFeked BAE7E AL HAT. oAe&-4&
(riffle-pool)&= AAM} 2% vIRFQl 7%, cascadet 2~4%°lA Z®l(step)
2 4~40%NA Hol= st A Yol tH(Grant et al., 1990). 7|8k cascade
= Y40 =59 Ja AAETF 49%(26°)Q0 A HoA YEIYE X o]

= ]
= A3 23 E Ygrh(Halwas and Church, 2002). 3538 o g2% ZA}

=
2% ©1’¢olA cascade®t ZFl(step)AF o] WEFLAIRE 1 koA AFA S
o wpeh AAbEE Wolg Zerh
Alexandrowicz(1994)7} A =3t AALES} F9 35S 1HI ERFH=
HAete] SAMEFE S} Fo 550l AFHAY] Wl Tbed o=
2 Aael S7ehi ARG B =R E AAERS [g3n

FHolAL 90 e AR 20° olate] AAE
. SF7)9Y AR 20~60°
- FHo| AL £Al e APE: 60° o]}
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S HOlth Gardner(1983)& #olH(Knick point)e] FH-3 2o #3
7] A&l T2 EZAE HolHe FAAES Adstd 2¥S ATt

H
dddxt dolde FRAY FE2 VAR vdi (7).

2. BT 3. A
A R L E O E LRI L
e AR To: AAA AT

<& X : Gardner, 1983, p.671>
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AA FYES 78 s AR YA dHe AArEE S A4

°f F8S JAY F doge} Agdn. dojHo] FFAA FE AolA
T FES Aol lipelgtal st o] FEo| oW st=yHZl FolEa £
=7F S7veka, s A e E(bottom shear stress)?F S7hste]l 328 o)

A ©]

Aol GHTHIY 8). o AN AWl Aol AW w Al

bgwalAl $Ese A3 AR AEe] W glol BaEss
2 Sl AAHWA AR FAEI GuslAL hde] BolE el
WAFE S Ade A

A7F 1 v Zlo]ZNlip
- WHlip 2t
o — — — — — —
2 ~—~ /261 A lip

lip 2>\
LHTD ~

J% 8. Mo|H™o| HEl
<& X: Gardner, 1983, p.664>

L AAES gRAAE FHY: Sge] Eolo] WMak glol AW AAER

- BYFTEHY: A A= s Folo] W3k glo] HAsA HE

]

M

FHGUA Aol HelA Aol Zg oFe ¥

fr
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4. BAIESH A QF P xfo= g

(6]

87 4419 (20~60%), 57

a}),

B (20°0]

3

hyE
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V. AR ] AT

de AAZETE 2% o] (Grant et al., 1990,
Montgo mery et al., 1997, Whol, 2001)o|4] EldtE= o274 wjA L&
ZIRko g2 B AFE ATt ZAA T T @2 AAIEE Hole XX

T At eAEFETE 2002 2%(%F 1298 =3}
ZEX e A E9 (channel unit)e] AFozA ‘Fo Wakn F s
o] dol/st=yH e o] 1~10¢] #(Grant et al., 1990)= zZte=th

AR Aokt AFEE) A FEI Uu(FFe) Edo] g shee Y

SA)7F oF 3molal, FH(EE)AHE 26.6m, SFH(TFEHAIH S 11.6m=E,

Aok FAEEO ASE ADR(hE)S AP 19.7m, tHAFH S 8.6m,
Shmuulzh oF 4m, AT @S ok 5’9k oF 27 AFGoR e %
X gl &k 1Yy Fx = A S FolA ARl fAAE 9l
7] 3}

o] ol Be ek Ag wo AAU At struHlE AR
b EEsieh o] AebuA Gu gutez =y Qe 719y AAE
SFEUHIRE FFrlol = oAb BT oA 7F Bl & AFelA s A
el FERS TAbe] HARE oz FAH AT 7 oSt

e o2(2¥g 10, 11, 12)3% 22 1 £3
< X(&E DY 2o FEIWMIEE JJUE 1~-30M7HA Bon Fol AN

WAL
1
i)
ox
o
i
ol
Al
b
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18
40

50

%

595
598
691
691
773
250
370
755
853
864
900
860
900
935
515
740
790
750
500
540
880
650
63(1tF
e
25
25
240

160
200

120

SE b54°
SE 60°
WE
SE 38°
SN
SE 30°
SE 34°
SW 20°
SN
EW
SW 30°
WE
SE 40°
SE 20°
SW 30°
SN
EW
EW
EW
SE 50°
SW 30°
SE 30°
SW 60°
NE 60°
SN
SN
SN
SN
EW
SW40°

SW 40°
SW 40°
SE 20°
SE 38°
SE 50°
SW 14°
EW
SN
EW
SN
SE 40°
SE 20°
SN
SN
SN
SE 30°
EW
SE 70°
SW 60°
SN
EW
SN

SN
SN
SW40°

63.5 |SW 13°

18
44
29
67
100 | SE 40°

37
20
52
47
35
35
47
45
46
28
30
49
26
30
56
90
90
100 |SW 40°
80
40
115

P
I e

10
75
13
8

19
14
8

o
oF

1/B| 9.5
1/B
1/C
1/B| 16.6
1/B
1/B| 10.2
1/B
3/B| 23
1/B| 10.8
1/B| 19.7
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3/B
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ABSTRACT

A study on waterfall classification by form and process

-Focusing on waterfall of Seoracksan, Jeju Island, Hantan River basin-

Kim, Ji Young
Department of Geography
Graduate School

Sungshin Women's University

Waterfall i1s rather a channel unit, which flows over a steep
bedrock channel bed. There is no criteria for height, water volume,
gradient to define a waterfall. Moreover, there are no such studies
to explain waterfall as a fluvial landform. This study is a starting
point to go further to understand long-term landscape evolution
surrounding mountain streams.

The goal of this study 1is to classify waterfalls based on
morphological  characteristics  which are the  outcomes  of
developmental processes. The genesis and process of waterfall
depend upon erosional properties of waterfall. The height, gradient,
bedrocks and stream power of waterfalls are regarded as the main
factors, by which waterfalls can be classified.

23 waterfalls in Seoraksan National Park, 4 waterfalls in Jeju
[sland, and 3 waterfalls in Hantan River basin are studied and the

height, direction of flow and valleys, width of plunge pools and basal



rocks of these waterfalls are measured.

The findings of this study are as follows:

1. Based on developmental processes such as joint system and
gradient,

1) flow path changing type, ledge type caused by sheeting joint,
protruding type formed by plucking process, vertical type caused by
vertical joint, and step type following joint plane and block type can
be detected.

2) depending on gradient, 3 types of waterfalls can be classified,
they are horizontal and near horizontal type(under 20 degree),
downstream—dipping bedrock type(20~60 degree), vertical and
near-vertical type.

2. Based on erosional style, waterfalls in Seoraksan belong to the
replacement retreating type and waterfalls in basalt bedrock belong
to vertically retreating type.

3. Based on morphology, downward sloping type (sliding waterfall,
path changing waterfall), cascading waterfall, protruding (protruding,
ledge, amphitheater, block), and vertical types are 4 mail types of

waterfalls.

During the field investigation, classification scheme based on
morphological form has been developed. Combining two schemes
such as A type (horizontal: under 20 degree), B type

(downstream-dipping: 20~60 degree), and C type (vertical: over 60



degree) solely based on gradient with 1(down sloping), 2(step), and

3(protruding), total 9 types of waterfalls are classified.

Findings are as follows:

1. 15 waterfalls belong to the 1/B type(down sloping, 20~60
degree).

2. 1/C and 3/C groups have 4 waterfalls in each group. Vertical
joint system in basalt bedrock are the reason for the 3/C type
dominance.

3. 1/A, 2/B, and 3/B groups have 2 waterfalls in each group.

4. 2/C group has only one waterfall, which is Chonjeyoun waterfall

in Jeju Island.

This study finds out that the most important factor for the
development of waterfalls is joint system. Development of joint
system varies depending on bedrocks. Flow directions and erosional
types are decided by the density and direction of joint system in the
bedrock, which also decide the height and gradient of stream bed.
Joint type decides the gradients of the bed, joint type, gradient and
height of waterfalls, therefore, decides morphological characteristics,

to which newly—-developed scheme can be applied.
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