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Entropy Interpretation On Flow Distribution Algorithms

olstH /B EE /UMET /YA

Lee, Hak Su / kang, Chang Yong / Kim, Sang Hyun / Jung, Sung Won

Abstract

The wetness index has been frequently used to describe the spatial distribution of the
hvdrologic status on the platform of the grid based model such as TOPMODEL and THALES.
The statistical and spatial distributions of the wetness index are primarily depend upon the
flow determinatin algorithm. The comparison among various algorithms and the decision
making of the application algorithms are desirable. The entropy is used to evaluate the
information transfer patterns of the various flow determination algorithm. The Holmgren's H
algorithm and the SDFAA algorithm were found to be the better scheme than the other
approaches to maximize the information contents of the wetness index

Keywords © Wetness Index, Flow Distribution Algorithm, Entropy

%979 TOPMODEL, THALES 59 #7530 FAFEAA-S 7Igshes RE2A AMEEY, F84
0] AP FA0] diF B A7) Rusn Juh detdl gt 58 BEIE ARREH RS
FER QonElEo] oFTIlA Humz HAs dulEe A4n dmEEte) vlart gt B dTeMs

=
AR, 2 sEEu} gduElEd e ARolFES sMsty AEH ARESFRI] 4T HES B3 V&
4 2Ag]Z# SDFAA ¢udEe $aA59

Jo
o
&
=
2
k]
n‘}(
iflad
O
=
i
o
>,
5
ok,
R
S
o
Q.
g
[0
=
1o
-
=
:
-

h=)

Aske sl 7Kg 443 2neiEos WEeT:
- HH

« Radam 393 g5 d7ad

Research Assistant, IETI Pusan National Univ., Pusan, 609-735 Korea
o B $4F3e HMa

Research Assistant, Dept. of Environmental Engrg. Pusan National Univ., Pusan, 609-735 Korea
o BB PASE AU 84BN Ras

Associate Professor, Dept. of Environmental Engrg. Pusan National Univ., Pusan, 609-735 Korea
wxrr AYATY, AL AT

Senior Researcher, KICT, 411-712, Korea

3648 M2 2003F 45 263



LA 2

R 1 E2E(Digital Elevation Model, DEM)
2 TOPMODEL, THALES, AGNPS, DHSVM,
TOPOG 59 FZE&F0] gual) a574 2%
o o]g3 & Sl AHAR HolHEA, FAILEAHR
£ o83 sERlE 2 JEsAEE A% /1R
go] Hvt BEH EHA FLERFLE HzlEE
APl HH oA TAAL TRl FAdHe] =
7], TF 59 ANEARE ATt Bevend Kirkby
(1979 FXIERHA AdEe 47348 38
FHHAES o83l FAU dfAHe) TIPS
EflE AE2ZA 8235 In(a/tanB); aARAPE 7]
oH3,  tan FAYEANE AMESIHeH, THALES
(Grayson 5, 1992a,b), TOPOG(O' Loughlin, 1986, Ver-
tessy 5, 1993), TOPMODEL(Beven®} Kirkby, 1979)%
9] FEEFNE FRAFE o] 8 TR &)y
o] o|FA|u, w3t FEA|e| AR ARG Hd=
4K Zhang™} Montgomery, 194), 535 &&XIo] o
3 2(Barling 5, 199), A& 54X49 A 1
ZHWigmosta®} Lettenmaier, 1999) 5 H&A15¢]
Atk mt g-go) BES B2 AT} o]Foixa gl

o ZEEH duES B A¥ESe uE &

ot

d

2 BAS B 71 E wdEe] g, o ot
g sEH] <uEl$(0O'Callaghan® Mark, 1984),

DEMON ¥312]E{Costa—Cabral® Burges, 1994),
thiel 583 Y15 (Quinn 5, 1991), FulEF
= &uE]E(Holmgren, 1994), SDFAA ¥l
A 5, 2002)59 O dagles sk o
ksl FERH) duEe® ANKE H8A5e By
g B 23X, A EH 55, Ak 559 Akt
S A% 7IEARY ¥ ohE FW BEE XY
e AFo|ng EoRpiol T4

(organization)® YJeJAl(randomness)(Western %,
1999)0] EAsle YR Vel A3t &
A Bl e B abyoelal & = gtk

AEZI = FEAFe} 22 oi Fakg) W] o
5t Aol Z3(Shannond} Weaver, 1949)0] o]&
2 glon FHoAHREE VEdFe sER da
gEo] Mol E8E F 3ok JEZHE ojge ¢
TFE25 TOPMODEL TFZUelA &84 Xk
FAol| HRo)=ZE =3 Mendicinogt Sole(1997) ¢
ATl AR ST el Ulgh EYEs EXol4w

264

o Auz Bl B Kuo 5(1999)9) A7, 24 %
PUST AN el T 2P ARH2002)9)
A7 B TR At G, V)E sER g

So) maide] o dezy e AwEs

:

;

ulghd, £ AFeide tdet ER 43
2 AN FEAFE dERY EL olgslo )
e BHo= 3}

2

H

=]}
B9 HEs B 2HE Ev ole mdL Hsl
AU AHg /e d3El$2 O'Callaghan® Mark
(1984)el ofaf ekd W) sFEH dElE(Sin-
gle Flow Direction Algorithm, sfd) 224 FX31%=
HHe] 7} AXeMe] 3F0] 9] 87 AxFIA 7t
B A9 ek AR ggEda sPgshes o
TSoltl Quinn S(1991)¢] thid; sERw] oz
ZE(Multiple Flow Direction Algorithm, mfd)&
sfd @ma)Ee] @ 1347 842 53 3
£ PAs] Hsl] 1ot e FHAXEE BES
FEA7IE daElFeld 4 (D2 7|ledct

__L:S:

= (0
2(L.S)

71N, fie AR Axpdko e 2
g SE iExxEeRe] XgH AAL L= At
of gt fEFIA HoRA, 5EHEE UE 55E
ol #j93ct Holmgren(1994)2 mfd &
AL A Qe i3t s8] #HEd FAEAS d3lEb)

QUK A AT} o)X, 1999).

__ Ltanp)”

= @)
2{L (tan B}

A7, pE AR S8, he T
2A R sl RAEE golth Costa- Cabral
7} Burges(1994)¢ Digital Elevation Model
Network Algorithm( DEMON)& RE Zz}z|He] =

BEKERBEME



& ANZ od) WAEE 29 sRUS B saR
W S S10 JuE olgelnz A% apee)
IFS WA BT B d LIRS 149 e
e SEEHE AZCR, 580 AEe Bl
obd Wom mER Pyom, AL we} 58

#Ho ok FAE V)ed F 4 e duaSolnh
248 5(2002)¢] Spatially Distributed Flow
Apportioning Algorithm ( SDFAA)E Holmgren
(1994)9) THEFH RS Ad Quinn 31995)2)
-”Fia/“ﬁ;ﬁ‘(Charmel Initiation Threshold, CI7)¢]
& o83ty A3 “}E BEo] Al ] BB
2k 5"301 FRAMY EEFEAH R Mk &
=8 F UEE T4 duEFoln} 4 (3)
2 SDFAA @ae|se] 2sE kIRl H )&
AU Agerr, )0 Wk ZH Aol

&

'6]-5]"‘}.

=39

m = cA "peir,,, (3)

AN, H = LARARIN Saseg g
A v} 30RO Wskep ool Asar,,
= LA ARSERE R dslar) 2
PN FEINEA( DA BERTE A% ¢

= AARReR 1 ¢ Y, AF wd EH & el

A3} Solo} sk vpuFel A EE 5, 2002). 4
@A T b, 8 o8 | AP somd zae

e 24 ()EA 7]Edch

___ Ltanp flus
UL (tan B) "1}

22 AEZIE 0|83 FEAGT Lxaitel 2
A o)A

FERH daElEe] o3 A= f99 587
7t SARAGE 7, 2 s8R dTeEed ¢
3 ZlaslE F8R7Y Bt 2de sk shue
FAA BRI 31, %‘%X]‘Fﬂ 7}%‘—? Ae P9
ol gt Hrs} %}1{% AEZIY H(x))E o]
B3 B A ]*— == L‘:HKotte‘
goda®} Rosso, 1996)

H36%E 2%k 20034 44

H) == 3} pyx)n px(x) )

3 e =1 ®)

4 @)= oA E X FE( py)RET} 7
= AERI(H(x))Fo2A, ol X7F /1 gle B
244, Heke oJu|tHShammon#t Weaver,
1949). a, b= X9 sk Aehg ou3td). 4 (5)9)
4 (6)%& Lagrangian ¥ L(p,1))2] Felx x &3}
A (DR FFE A (DA A Lagrangian
mulﬁpﬁerol‘jq L(p,HE A3} sk 5L EFS7)
HPPEZFS 7A=Y ol dL(p,A)/ dp=0F
ot A0ZA 2] Q)= 7|ednh

E= %

LW == E ox(x)npsle) + 40 3 pxlr) — 1)

(7)
() =exp(—1+ 1) 6

4 @)% 4 (6)°ﬂ Hgshd 4 (9)2A Zd=E 8

SEXTTE 7 F Jdom, A 10 4 (9=A
Y ANFS U 4 10 Gaxrel xd

—a)7} WoldRE AuPgo] AYE ojuigi, o
1_'/515'3]'% —rx TRES E T zEE ¢

tugjsos 29 gkt ik

do
=
o o

px(x)= bl y ©)
H(x)=1In(b—a) (10)
2 (9) TSE¥(Uniform Distribution)”} 3t
ARES /e ¥ erdes Vel 5835

o] E37F FEEXC™ A (5)¢) 4] (1009 71]4734
b Bdsel de eldnt e, A FEAIGe]
XHE 9 Eslmg 4 5)g 4 (1009 At B
oAl AR Alolw], Hdjg FEETl s

BEPS =28 o= g9t o= FxAn}
ofige] FAll Exfghs Frediels deide Hoig
o= FHE F8AT BES VIETon dass

e} HAK Western 5, 1999).

¢

=
;7;

o oo W

o§ i r{r

mﬁr

E Ao tiade] HE 98 e AFA] 9ule
LHZ 0.286km’ ] FAHAo] 196914 87% < AL

265



ELEVATION ]
-1

ELEVATION [m]
[7]55.15 -89.19
[7]89.19 -119.24
119.24 - 149.28
149.28 - 179.32
179.32 - 209.36
209.36 - 239.41
B 239.41-269.45
I 269.45 - 299.49
[ 299.49 - 329.53
32953 - 359.58
I 35958 - 389.62
M 389.62 - 419.66
I 41566 - 449.71
Rl 445.71 -479.75
I 479.75 - 509.79
[l 505.79 - 539.83
I 539.83 - 569.87

569.87 - 589.92
599.92 - 629.96
629.96 - 680

(a) €47 F99 FA1=TY (b) Avld §do) A nERy

T3 1. gdal fol) ok gelb)el FANTR

2.78 10
276 1 9.95
274 1 9.9
a —
QU [
% 2.72 1 985 é
g
2.7 498
- 1 . 7!
288 Entropy = em—————ih—gi 9.7
2.66 - - - * 9.7 2.66
0 50 100 150 200 250 300 9.7 9.75 9.8 9.85 9.9 9.95 10
Slope Exponent (h) Ib-al

(a) uiEE<~(h) 83le] W Ib-al®}t Entropyd £% (b) THiHEI(R) W8l o2 b-al9} Entropy 9 43%
Ol 2. s F=r(h) Wl W2 dE 25|} p—42 B2AM (g2 7Y9)

1.2 SEYVNFER T X7 dERZNS} WY (M2 RA)
35 ¢1ds ey |6—dl
mfd 266713 963032
2 267442 9.71213
10 2.72662 9.90896
h 20 2.75732 9.93578
100 2.76950 9.98027
280 277267 9.98232
sfd 2.75397 8.59341
DEMON 2.38809 10.40000
SDFAA(n=—=50, H ax = 250) 2.76750 9.98467

266 BEKEREERE



26

o a0+

24

Entropy
N
N

b-al

(a) dAFa3

1b-al

(b) $2F7FsAS AF F9aH

O 3. 4 sEZHENESE 78 S8ATe dEZue RxHY (XD 7Y

Clmfa; Mi=2; Oh=10; ®h=20; Akr=100; Oh=280; @sfd; X DEMON;
+ SDFAA(n=—50, H ma = 250)

1
09 !
08 I
0.7 !

.08

8045
0.4 |
03 !
02+t
01 i

*

10000 1000000

Accumulated Area [nf]

b
N
+
U
ogt
0z
\J
or
]
2
o
.|
b
_%
N
o
o
i
K
Ll
oy
R
i
-
o
Iy
Mo
A
>
o

2 guAF de |6— al

mfd 2.269086 3.98496

2 2.286671 401882

10 2.366497 410026

h 20 2.409562 411135

100 2.434673 412977

280 2.436947 4.13061

sfd 2.352888 355590

DEMON 1.947827 2.86897
SDFAA(n=~—50, H oy = 250) 2.474774 4.13159

364 F25% 20035 411

267



&

£ 7 e ARl A vlee A
246C A=A -47Cold, AT 1,100 mme] ¢
Bg 7ISehe 91E foe foel 277t sl g
S5k, AbRREEBe wadl U Bas) 2ot &
o] Wlflole) AAFGL tpiel 2,000 49
sz Aol AEsRn EPFE Fdslel 80| |
Hollrk |3 S o3 ARE AT o]
otk WhRel FALERFe wEAzlelel 155,000
A A

AIE BETE RS B A7
o] tE gz 95Ny e Ty
oA AFfdoz egsta Y I sl oF

ZA71% HFA ZgE e} Adnlale]
Ak Fg AP HX= BF 1260 55 547 ~
126° 54" 57", &%l 37" 54" 577 ~37° 56" 237 ©]
I, fF9EH 85 km’, F2E%Y 5.8 km, AR A5
< 1,600 mm, %= HA 59 melA HI 675 m, F
B 2% WA FAAF A Argeld x|3oln
HAEA FHRIRoITh Ade Z7)dniet B3z
A 95 gelrt & ol ok slEiad)ed
T, 1998). 28 12 o] FXIEEFES et

4. 2% o D@
aY 2 PEFR O] whe AEEve) Zgy

& 71=sha ok BRI b 4% AT 0.8938

| J}a.
i
L >
1o
k1
i)
o UJ;_‘
1o
o
ofy
t
1‘9},‘
oA
P;l
Iy

lb—dE “ehlY 19 3

a9 2004 AT, F 13 28 3o g
T W9 S7kl Wt FeATe dERe} 23
At ik & otk 2 n g =
sk, AA o SaEEelA
3 dE=I7t HA Ao
ZEolMeE 22 ERTe] & 2
oL FAW ks A T2 (Western
5, 1999)T0lA el FFHoR BRI T2H
Sl w9 sERue] 28449 ZU1E )
o8 deksn, ol wle} $=271 FAFER, & 7

£

o

sha QEsslsl LEEesL Hleshs A9E vepdd,

Sl +2A%0l dhsiits Aelel Byt T

2

BFEA] AHelgia A & glow] AlER|Y
< e g U g JEZy 298 53 58
LuE)FY mFo] viA S ou)d = gtk h=oo
2 I 7 e o7 duEsels dezast A
AEEE ZE 3ES wigoer o olsl
APRE wWE FUEAS defsty, TR a8
BXE F4%er Qs o3l8 EIAAo i
THE 5 A EF DEMON &2Yae|EoA A
bE e 580 B} I AEEe XIS ne

gtk B 4 9tk ol
sfd®t DEMON FE¥3a|Zo] mfav} i
(k) e viE] w44 AP2He ¥ 5
2E Hdigt 285 Z ol advection) )
S A g3 58 YnaSoaA

H A 1RTE gt gL e 5239
3 A

2 o looy & ool

Fox o o

Y o % rf‘

W

2 ol b

o Ol

1n o

ox A

N [

>

g

o &

> R

o

B

32

o

o 0 <

ped T §

oz rir =
4y Jul 2
i ERc e
£ reoJE oo v !

R F70 ulEl ofdd BES fRshE g
T h) duF digk oy (2)9] BN, dEZY
7b F7kehe AE AlHelAe] BEEA 0] o|FA|u|Ae]
At sfdsh BlwA] kol RAH o R siMEHs AL
HREASEA] ghom sty chllst 2] wE Rujs
sl F Aol uikalEcal Bt

sfd, mfd, TEHEI b)) LuYEe FOY 3
S4S R 71esRul SDFAA 21ElEe Al
o] sEEN BT FRelAe] P2 3EEA
° -

WA, H, 24 Aolsle] AlmoA Al=o.

BEKBRBEHE



60

2.8

Adonug

2.6

300

Hmax

2.8

Adonug

N
o

60

}
"R

uw.s.

&

25

-60

<
[N
Adonuz

2.3

2.5

Adonug

79

i}

7%
T

vl

(

N

)

R(52347FA9 A9 fouz

of oM H,,, 2t noll ot

=

=

o

Z
il

Hmax
SDFAA SE&Hl e

12| 79)

(o]

A

ag 5.

(¢) Huux® JEZI] 3 ()
(o

B!
Tlolo|lajio|la||w|—~|x
QR ||| LE| |z
Flo|d|lcix|x|x|S| |
AR R B B e e B SR
T o|S|cls|s|s|as|lo|s
2)L
(R
~~
D
|Te)
N
ool Ii
1ZM% %
i E
zr =
a N)
I =88
o | & rmM_
0]
e_u D:
N
o] M\
3
%]

269

0.9398
0.9470
0.9681
0.9760
0.9832
0.9846
0.9688
0.9011
0.9837

36 22U 20039 4H



FH

17 2, 1% 3¢A SDFAA LuelEol
| B3] ApHel ZujAR] Qlolide] 7lso
2t 4= Qirk

5% 10,000We| ARl E Fot
o] ARG n, Hy, ol W3l g dEZT
e 7lesta Ak

AHelM e sfdA TES

2.
=
Rck
ng

Lo
<
E o W o

[¢]

1)

£
N
o
o
£
o
S5
lo,
e,
i
A=)
o

S
%
&
o
o2
8
rlo
N

& plsfdd 3BV 2 H,,(sfd3 53)8A 7
SDFAA ¥1z)Ze] ®o

Ak ofs 2 (el FrEERMAAN H(L D)7F

sgeaRse] AgEon veshs e 58
AW mpash ofd# 55 doPgEe elulshul

o) 7% Fol SEEHS TEAS ANE Ho
[o)

22 s ik 50w Ve 9T § &
9] FEAT Al V1T T U= SDFAA 4L

& v duFE vE HAYJAERY 2 5
S5 dagEs EESS 4 4 AL AAl A
Aeje] 3ERAEAT SDFAA dueEs, el du
ZEEl o) 71&d 2] AT dig HEE
S A FehEck

FeAge E3ot #EREd dosk o, |

T 0O

tth. SDFAA 435
() datElEe] A¥Ael e duelge) 29l vl
o

o gy ANRNE B9 duEsd W S+ 9
=

270

2. THlEg dualEy SDFAA duElee &
A3 vjyfipe] APor FEHEAF EXFSIL
TRE ARES ZulAzs slch

3. FRIPISAGL 9] U2y A Astet
£ o] MRS, $oA5 BEYFE HEE
2o Y2 & 5 A

anzd

g, oG (199 “AHR AYAF A Sael
Zol Ago] B AT FREANNY =

FEA, A Q00) “QERY] o]|25 o83 9
T H7E s

° o oo
<9 B 5

FLAA7EATY, 19R) “AERge
4 AL A7, AFRIA, 171 98077
Barling, RD., Moore, 1D., and Grayson, RB. (1994).
"A  quasi-dynamic = wetness index  for
characterizing the spatial distribution of zones of
surface saturation and soil water content.” Water

Resour. Res., Vol. 30, No. 4, pp. 1029-1044.

Beven, KJ, and Kirkby, MJ. (19/0). "A
physically-based variable contributing area model
of basin hydrology.” Hydrol Sci. Bull., Vol. 24,
pp. 43-69.

Costa—Cabral, M.C,, and Burges, S.J. (1934). “Digital
elevation model networks (DEMON): A model of
flow over hillslopes for computation of contri-
buting and dispersal areas.” Water Resour. Res.,

BEUKERBERNE



Vol. 30, pp. 1681-1692.

Grayson, RB, Moore, 1D, and McMahon, T.A.
(1992a). “Physically based hydrologic modeling,
I. A terrain-based model
purposes.” Water Resour. Res, Vol. 26, pp.
2630-2658.

Grayson, RB., Moore, 1D, and McMahon, T.A.
(1992b). “Physically based hydrologic modeling,
0. Is the concept realistic?” Water Resour. Res.,
Vol. 26, pp. 2609-2666.

Holmgren, P. (1994). “Multiple flow direction algori-
thms for runoff modeling in grid based elevation
models and empirical elevation.” Hydrol Process.,
vol. 8 pp. 327-334.

Kottegoda, N.T., and Rosso R. (1996). Statistics, Pro—
bability, and Reliability for CGuil and Enviro-
nmental Engineers, McGraw-Hill, pp. 115-116.

Kuo, W.,, Steenhuis, T.S., McCulloch, CE., Mohler,
CL., Weinstein, D.A., DeGloria, S.D., and Swaney,
DP. (1999). “Effect of grid size on runoff and soil
moisture for a variable-source-area hydrology
model.” Water Resour. Res, Vol 35 pp.
3419-3428,

Mendicino, G., and Sole A. (1997). “The information
content theory for the estimation of the
topographic index distribution used in TOP-
MODEL.” Hydrol Process., vol. I, pp. 1099-1114.

O'Callaghan, JF., and Mark, DM (1984). “The
extraction of drainage networks from digital
elevation data.” Computer Vision, Graphics and
Irmage Processing, Vol. 28 pp. 323-344.

O’'Loughlin, EM.  (1985). “Prediction of surface
saturation zones In natural catchments by
topographic analysis.” Water Resour. Res., Vol

for investigative

#3648 H29% 20034 44

22, pp. 194-804.

Quinn, P, Beven, K., Chevallier, P., and Planchon O.
(1991). “The prediction of hillslope flow paths for
distributed hydrological modeling using digital
terrain models.” Hydrol Process., vol. 5, pp.
59-79.

Quinn, PF, Beven, K, and Lamb R. (1995). “The
In(a/tan £) index : How to calculate it and how to
use it within the TOPMODEL framework.”
Hydrol. Process.,, vol. 9, pp. 161-182,

Shannon, CE., and Weaver, W. (1949). The Ma-
therratical  Theory o  Commurication, The
University of Illinois Press, Urbana, pp. 117.

Vertessy, RA., Hatton, T.]., O’ Shaughnessy, P.]., and
Jayasuriya, MD.A. (1993). “Predicting water yield
from a mountain ash forest catchment using a
terrain analysis based catchment model.” J.
Hydrol.,, Vol. 150, pp. 665-700.

Western, A.W., Grayson, RB,, Bl 6 schl, G., Willgoose,
GR, and McMahon, TA (199). “Observed
spatial organization of soll moisture and its
relation to terrain indices.” Water Resour. Res.,
Vol. 35, No. 3, pp. 797-810.

Wigmosta, M.S,, and Lettenmaier, DP. (1999). “A
comparison of simplified methods for routing
topographically driven subsurface flow.” Water
Resour. Res., Vol. 35, No. 1, pp. 206-264.

Zhang, W. and Montgomery, DR. (1994). “Digital
elevation model grid
presentation, and hydrologic simulations.” Water
Resour. Res., vol. 30, pp. 1019-1028.

size, landscape re-

(=2 3:02-56/3972002.08.20/ A4 12+8:2003.03.14)

271



