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Analysis of Characteristics in Ara River Basin Using Fractal Dimension
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Hwang, Eui Ho / Lee, Eul Rae / Lim, Kwang Suop / Jung, Kwan Sue

Abstract

In this study, with the assumption that the geographical characteristics of the river basin have self—
similarity, fractal dimensions are used to quantify the complexity of the terrain. For this, Area exponent
and hurst exponent was applied to estimate the fractal dimension by using spatial analysis. The result
shows that the value of area exponent and hurst exponent calculated by the fractal dimension are 2.008 ~
2.074 and 2.132~2.268 respectively. Also the R? of area exponent and hurst exponent are 94.9% and 87.1%
respectively too. It shows that the R? is relatively high. After analyzing the spatial self-similarity
parameter, it is shown that traditional urban area’s moderate slope geographical characteristic closed to
2D fractal in Ara water way. In addition, the relation between fractal dimension and geographical elements
are identified. With these results, fractal dimension is the representative value of basin characteristics.

Keywords : fractal dimension, ara river, self-similarity, hurst exponent
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Fig. 1. Koch Curve (Mandelbrot, 1983)
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Fig. 2. Study Area (Ara river basin)

= ™ e o )
¥ z AR N N
< O ;%ATH,_ﬂﬂu 5 X
5 S| © T o P s T
2 135 2l T ow R oy N op
. i g WU o T
g RSHE- 2 = i ~ X
.mA ACP wn aLEEO OU DT_
o | = © O 7 T P~ M.AT
sl5|2 |E|£|2|x AR L R =
g |32 |Z|2|0|5 A ™ T
23| | 3| S o3 @ % %) o E jatvs] o
| & | A e I Wi I Vil et n ‘ﬁ_% B = M { oF
o < |<|<|4|C & Wurdro_w M
— Sl Fl | S| o — | af X B L o
SOl -G I N D - T o 0 wm T B 0 T
3 <S|< (2|22 (< S8 pmmET ar o E
2 So|ld|d | FlF|Fd|lo ||~ T o K B & - X
o NE| A A Sl Al n oF < oF W op
< 0|4 | < |2 |L|L|2|T|E o TEe K B
=1z RELH B OXW
— o] o — N || ||| — T — eyl o Mﬂjl,
e o [N I I o W o W B« P YR Yo W B < 2 X
| L| 2 |2|2|2|<|2|=2|0|8| Teshy o Ty
S | 3 R e B e
- LP e R T A o)
%MW%T&%ﬂm;ﬂﬂ%ﬂﬂ%ﬂ OB g o
TORHITETET R LT E g el H R
r T T leRleesrg I ®o o g T o
IH To o T T b wmemg = kT Mg
%0 TR X EEwLTENE T Sk g g B
_____ﬂ OWE 1__/l O_w_ g = z.L ,HAI ,;b H@w AT H Bl .Aln ‘_lw_w‘_ ﬂ_ol EW ‘w.~_H| Eo mmny
L I A I Il T F g
3 7 : j=a s e ° Ry
DN GBSO MR I U
Wl doxay P NPy 8T BT LU
0o N @ o O eowﬂﬁal 7Em®AomﬂxooTWﬂmomo»oWﬁﬁ?ﬁ
S GRER qop b H L Nw Am Y TR DR o
i T | B = i B s I L
o_____ W B _.ﬂ_u JJH e Br W WW Ak B mﬁ o M ,,_AAo _ww W_n_ X T FK i
ofl LA < o AN L X
3 wﬁmoﬁo%whmoqvﬁ,%mwﬂoﬁhmlr%ﬁm%%%@mo
T _n: ) oz o7 [l e B H._‘_ T ‘.,.IVVI 2) 0 E_H <
an O o XX 03 PH W ogr Al ~ e
o S N R -, A NS el s o
R TRy X R oy Ko 28R o
MR T Ed T Ll R eel T L AT e R L
HE = &~ 2 g of X ° ) T o5 S o o g Xook
va_u‘_i ﬂoﬁﬂ_#o.mQ‘MU_IOt‘yl OW .OJIZOL.E;Jl
o - of FE A EEF S mesesg S PR g™ @I
@ g o P PG F ) oo ook P
oF TR M K oM K Jo MR H T o WORO

BEKAERBRERNE

834



wour T A E Y dom N OE S bl X N B F N o o &8
or T R o Mo L T o % H W ok T+ HoH
L - B " o T p OO E IS
= o % R oy F o o o o oo
A MG%&.MHSﬂH ﬂ % ﬁﬂmqﬂrﬁ% Wﬂ%ﬁ
X W oy TN . S ERET e u g
o or RO o ) M Bo= X M — T Xk ol B g
@M:m jmm%&ﬂﬂ%mmm% L wuwﬂww&%o%ﬂ%%mv.
T oaﬂw.ﬂwmﬁﬂwa i B M%Mﬂ%%?ﬂ@wﬁw
e T g BERR : RN T I
ol = -~ N X o8 )
%_yw %%iﬁmmuﬂwﬁoﬁ TN = % ahwmwmmn%ﬂmw%ﬂﬂur
3 B ok Kooy T B E N | - M T T R AR
R HE%OIMM&OM/FE anu (1nz__ H ‘W,m./l ,DlmWOML S & ﬁ__.eo_
o ﬂ@%.é%%%%%q&nzz vzﬂﬂwZTﬂ%ﬂEﬂ@niMEo,W@,ﬁ
~ 2 oq‘l‘w = T I O.D]HLM
o X AR = o hmm T o— 4 I 7w 2 & X R E
o B < T - T o9 o o R, W oo M
T b o o A N e B T B I )
Wwwwwwﬁmm#ﬂw%%ﬂ QQWWWME,L%EEWWWWA
0 5 =l _ I 0 = = K ﬁl —_ i
CrnfTgyymgEiT TR 2 REIAE,ERS
< 0 ELEHH__U RCIaST! s = T ooy X = ﬁcloox
%m%%%%ﬂrmzm%%% NoE ﬁﬂomﬁﬂmEﬂL%%M
= N Mﬂﬂgqx%ﬂ.mﬁ_ﬁ T ST EHR ST R g
D R R R A T N - ~ Wow o g = Mook g A A Y
T ko O G Tﬁmﬁrmﬂoﬂ 7 - T oo o)) &
S el = o) o] T T o B W o W R
ﬂﬂ%mﬂo@o %ok W o AT oMok T
s oo B Nl ST
R B TSI S R o
o N D VMgl T E KT T R
%ﬁr%lﬁ@ﬂ@?mﬂ@.ﬂﬁﬁowﬂ?ﬂu
c ﬂ;o@MﬂDﬂ_zr.mLﬂ@ﬁ}utmﬂgaﬂmdrm
%] T KA & = H.t ll W o OT X AT B 17_Al1_ =
] AﬂwﬁiL] SO X B T T
£ BWET g N P BHXEF @
o o ° jocA] oy HNA_I M e B T ) No@m X° oF o B
R R LN I o = A
mw o o wo E %ATl OW @ En_ E.rh o ‘ﬂou oot X m,x T WAT ”W
> RA N R P EN oy wm - X
T Npoow - o B E o WM
o s o o o] H No ME o TR B
XX H o~ B of sy O 9w o
o o =F o ROOK ®e ROBC Lo R O o g N
T =R YT R P g T
aaaaa ) moﬂ n P N Mo ™ MH R N il ofn ,mﬁ _uwo o<
HHHEHHHE o - B Xow o = o g
glzlg|z 3 28 8 2|8 5| O ﬂoﬂ y_‘_Ll,mlou#o“nlv_?‘_OL MMXJ'OW,A_._.%AT
AAAAAAAAAAAA P o RSB omen T gy &
%%%T%mm%;ovmwkl_.zfx@rma_tno
EE ~ . X K 76 ﬂl o 1_.m_|, wma LC On* &o B AT el
s E E HT \M)ﬂ E % 70 Br il E o i~ zT o oW = i
TEHAMBXO ey O T r g o
R TSR mwal kT E R W

835

Shape factor
A/L?
0.13
0.15
0.17
0.20
0.27
0.52
1.06
0.41
0.47

4.49
481
4381
5.18
5.81
2.45
1.50

63
7.01

6

Mean width
A/L(km)

River length
(km)
35.03
31.85
29.04
25.94
21.87
4.68

1.42
16.33
15.03

157.14
153.24
139.82
134.36
126.96
11.48
213
108.23
105.34

(km?)

Area

Sub-basin
Name
APO
AP1
AP2
AP3
AP4
AP5
AP6
CPO
CP1

Section
Ara river
Connection
water way

Table 2. Topographic Characteristics of the Ara River Basin
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Table 3. Topographical and Statistical Characteristics of Sub-basin

o Subsbasin| - ypg | Ap1 | AP2 | AP3 | AP4 | AP5 | AP6 | cPo | cPl
Classification
Projected Area (km?) 15561 | 151.85 | 138.65 | 133.31 | 125.96 18.35 1.99 107.39 | 104.52
Surface Area (m?) 157.14 | 153.24 | 139.82 | 134.36 | 126.96 11.48 2.13 108.23 | 105.34
Max Height (m) 390 390 390 390 382 119 69 382 382
Min Height (m) 0 5 5 5 5 5 5 5 5
Mean Slope (MS)(°) 375 3.83 3.99 3.88 3.58 1.73 0.73 3.90 3.88
Std D of MS (PS) 6.28 6.34 3.49 6.47 6.21 3.81 2.22 6.48 6.49
st 2 o] gato] e 2191 Aol Tk (A7), 2006).
F2E 25 (h)e] AL mEo glojA] Ads] Fa B Ao M= Eq. (8)S ol&ate] olebfae] XY
g BES A3 o] A grof] whel X o] Bk M2 E4S B4 St frodd S AEAS 2z &)
golsHA thRold = gl7] ujitolth FAEX|4=2] AHY L& Ak
< Hurst?} A|AISE WH (3] 22EX|F), Peterse] 7442, (A —A)
Mandelbrot and Wallis®] Pox =%, T3\ 2 F1 3 h=1-— % ®
H)& B (A2 5)0] 9o, B Al foe] & :
2 A7 BAE Sl WA A G o3 W) Bl AE o7]A, h 1 S 2EAF
Aol o WS gtk A¥AEE Fg 79 A, 1 B2 9o ¥4 (surface area)
LiDAR =& 2 313 3v=2o] 93] AAE AW DEM A, 1 XA 0] FgWA (projected area)
S Z83lo] gy o] AHgale] FAEA| S Y zag Ao A AEE Yehli= S 2EXG7) A o]
1S A skt W 2] gk Zae 2491 D=(N+1)-h (o] 7]4], N+1:
aZa) 21el)oln] 3x191e] X8 FUe N2/} How
331 SEx|So| o|st FEE = Ao, 3x10e] AF N=27} ]
T, ¥a3 vgo o&) 24" hs o]-&3ke] A
22H Ak RS ke o 25 Mandelbrot S ALFsFE Table 49 2t}
(1983)7} A A& W=l 2ol o) WS 714 wol ALE- 29l 28 f9 5ol whet hgko] gl ARt o}
sha ik ey Hxr 4Eske e Ages & 2l -9 9] hzte] B3¥ = 0.926~09929] 7HS VERE
et Aol = log-log &4 125 o] 83t Zag | o =AEk 219l Dol BE= 2008~20749] o=
do] g2 HgslA| o, wHA Y} FIHA ] IA w4 = 9ok

(a) AFE AH(CPO)

B4 B105% 20114F 10H

(b) WAuG=E AH(AP2)
Fig. 7. Used to Analyze Topography of LIDAR Data (resolution: 1 m)
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Table 4. Hurst Exponent and Fractal Dimension of Sub-basin

Sub-basin Projection area Surface area Hurst exponent(h) Fractal dimension(D)
APO 155.61 157.14 0.990 2.010
AP1 151.80 153.24 0.991 2.009
AP2 138.53 139.82 0.991 2.009
AP3 133.28 134.36 0.992 2.008
AP4 125.93 126.96 0.992 2.008
AP5 11.07 11.48 0.963 2.037
AP6 1.98 213 0.926 2.074
CPO 107.37 108.23 0.992 2.008
CP1 104.49 105.34 0.992 2.008

Range 1.98~155.61 2.13~157.14 0.926~0.992 2.008~2.074

Table 5. The Results of Fractal Dimension of Sub—basin

T APO AP1 AP2 AP3 AP4 AP5 AP6 CPO CP1
St 4,939,122 | 4,895,963 | 4,699,099 | 4,514,922 | 4,006,536 | 216,008 18,185 3,790,528 | 3,732,138
-0.289, -0.752, -2.243, -2.239, -0.399, 17.613, -2.699, -23.513, -23.879,
1.423, 0.495, -2.486, -2.479, 1.201, 37.225, -5.398, =47.0247, | -47.759,
S -1.866, -3.257, =7.730, =7.718, -2.198, 51.838, -8.097, -70.540, -71.638,
-3.155 -5.009 -10.973 -10.958 -3.598 68.450 -10.796 -94.054 -95.517
Avg. 28.289 28.752 30.243 30.239 28.399 10.387 7.699 31.513 31.879
Var. 1,223.628 | 1,245.397 | 1,331.467 | 1,360.637 | 1,159.304 | 124.954 12.321 1,272.342 | 1,293.639
D, 34.980 35.290 36.489 36.887 34.049 11.178 3.510 35.670 35.967
n 174,597 170,281 155,377 149,306 141,078 20,795 2,362 120,283 117,071
R, 648,127.5 | 628838.8 | 519,559.3 | 519,620.5 | 549,685.5 | 21,376.7 622.2 499,561.8 | 493,910.8
R, 18,528.31 | 17,819.09 | 14,238.68 | 14,086.89 | 16,144.17 | 1,912.34 177.26 14,005.13 | 13,732.26
h 0.864 0.862 0.849 0.851 0.868 0.817 0.732 0.868 0.868
D 2.136 2.138 2.151 2.149 2.132 2.183 2.268 2.132 2.132
AR BB A0 PO Sodo] oA el T2
330 S|AEX|Z0| o5t g MAE BEAAE] H 9] o] al
el a, o429l e MEAHE Yehe 24 3
LIDAR S0l o) T35 Tk o]g3sle] s|2E 3l Ad (Adjusted ial sum sequence) S,*+= Eq
2|55 A S HEZAQ W R/S B4 9% 3] Aol <) Abdsic
ZEAGE ARYsGer, ALt gL vhEt 2t
N m ° " §*=8—(t/n)S, t= 12, oy 1 (10)
X1, X2, Xng §-33 =79 ahf-o 9 %

838

oAl A RIREE S8 Hst] =
A H 9 (Adjusted range)= Eq. (11)ol] &Js] 2435 <
u], ek 24 fele] Fakd 2 A2 HE (Rescaled

adjusted range) 2% A 2J8te] Eq. (12) 2J3) 2Hg st}

R, =maxS*—minS* for0<¢t<n an
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Fig. 8. The Relationship between Area Exponent
Fractal Dimension and Mean Slope
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Table 6. Slope and Fractal Dimension of Sub-basin

Fractal dimension
Sub-basin Mean slope (°) Deviation (H-A)
Area exponent (A) | Hurst exponent (H)
APO 375 2.010 2.136 0.126
AP1 3.83 2.009 2.138 0.129
AP2 3.99 2.009 2.151 0.142
AP3 3.88 2.008 2.149 0.141
AP4 3.58 2.008 2.132 0.124
AP5 1.73 2.037 2.183 0.146
AP6 0.73 2.074 2.268 0.194
CPO 3.90 2.008 2.132 0.124
CP1 3.88 2.008 2.132 0.124
Range 0.73~3.99 2.008~2.074 2.132~2.268 0.124~0.194
Table 7. Summary of the Results of ANOVA
Qo] 55 A5 & B e
HAA| G 9 18171 2.0190 0.0005
S| EAF 9 19.421 2.1579 0.0020
Table 8. The Results of ANOVA
HEo] a9l Al A Al 3 F H] P-%k F 7144
Az 0.0868 1 0.0868 69.8605 3.1269E-07 4.4940
AL 0.0199 16 0.0012 - - -
A 0.1067 17 - - -
WA} H2EARY A Aol BAAS B = Zlow dukdn
3 Fazke) Yardels A skl F-uAS A
aglom, shte] 1At BEgkl vAE GRS 2A)E 5. 4 E
= oz YA (one-way ANOVA) HHS
#4819}, Tables 7 and 8& 7 Q1447041 9] 5433k B ATolAE ol AYEY BAL Slste]
3 Fitah B 52 Uehlls aokE @ BARNEES ol ol gale] sl sletde) 1494 Zag 54y
HOIF I QT BAREAES] Aol P-4 BAY g 2 ks ZolA Holu B AFe] Bgug neg
© 6086124 o457 00691 A92] 714 F(L, 16)=  @AATo] o ZAe A9l HAE Ao 0§ 2o
449480} Ak B3 o) 2HE pRl=3.1260E-07 <0.05 ¢ 2 akde] 22H ] SAS Akt ek e Akl
S o 5 Utk olde] ATHE ¥ o) felFE 005NN 7 3 FAAREske] Aua) R B Avke HEs
Q1A 7kl Apol7} ek AL J|ZETh Wb o o2 Ba) ted 2o ARS Esd
AR} S| 2EA| ol o)sf A e 2kl o] A} 1) HAA S A S 2EA gl osf ek e 2kl
o7} githe 7HA& 717, 7 A 2 Apel 2 2.008~2.074, 2.132~2.268 #o.=2 YERt o™, H
o o3} Rekk Fite] dolsk = o BAFA 4% ZAg 493} H2EA5 T 2flo] 7}
webA] 7t 7] SAol ue} 7} meag Ao AR 7] T FER Uehhs 2 A5 g etdon
5 aLEste] e 2Rl o] A WS AAsteof 5t A7NshE W] xfole} WA e ofs 4t

840
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