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Figure 1. Location of study watersheds
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Figure 2. Hydrographic network and fractal dimension of watersheds before hydrographic network modification
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Continued Figure 2. Hydrographic network and fractal dimension of watersheds before hydrographic network

modification
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modification of hydrographic network
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Table 2. Fractal dimension of watersheds before and after modification of hydrographic network

S50 45 ol J oy JUST 20 S 5im 45 ol 51 b JS1 s ojs> ol
VYY \ ¥y Lol
V/¥o VEYE il S5
AR V/-5 RPN
\IvY VXYY ol
(VAR V5N BIT1CS
\/yY \/IYYS jigres
VIEA VYA )
VY VY 515 oluw
AN VANAS N4
V¥R VIvYS SbT ks
VYA VTS &)
MY VYO¥ s

S ol gl oje ) er gl sl o JuS1)E
o anly] &S JBST3 ey €S lgies cplpls 25b e
Oiloyd 4 Sl g (ool S sl Shy 5l (AU
S 0815 o oplple g jul (slaoje (slasile
osine blo)l ojen JUS1S a o] 05 4 g SS90
3 (V) ohlKes 5 0555 s b 4 20,5 o sdnlin
oy cwlie Gl Glee 4 JuSTs awss 5l eolawl
S dwle byl Slgen lailsg, (555 90955
by adate cilsee sbasjlo sl Shy olgiee JUST5
4 (1) ohlSor 5 Jus @l b 3,90 (ul 2903 5900 (g3900
W5 Gy ol (slaojes JEST5 am 4Si) bl
b oz 2l lssean col il o 53 (Sjelshy00855
dn bt LU B (V) ohes 5 Sspe gl
(V) sk @lo b g g 2> allas (iSaj 4 L JUS18
slaldagy aSed 5 JUSIS (BSeg Mg 4 e oS
g piie 2oy @B b Giomen )b Sl ea tad JUS]5
ey Gl 4 JEShE e Sl edlawl ) (YY) (S
aildg, (Gldiged) (wan Cuer cwlie (L)
5 JWST® ta o peiine dlayly 4 dag b 3yb cisllas
S i Gl BS g 4 (oS g Wil Cowlus
oxd M 4> e b+ DEM céy b clanl ] oS
oS slew €83 I Blite (g0 ploglS V) e yioghS
b @)l 9y 5l odd S (o8S) ASD 4 Cod

sl )95 1 cyio gy I b <8

slaasid ol I J3 JUST aa i o yieS

Gt g (VYY) Ll gl o & by (355500
.J.M:LL;O (\/\‘Y\‘) J)Lw K )oulo)9> LY ]oyfo U] )IJ..O.A
doles 5 31,5 g)0m cloaSd 2ol I Ly & Jb
bgiye JUS15 dm odalcess 4 Jlade opyieS (JUST)S sm
@ barpe ol ke cppitn 5 (VIVY) agl suvlojee &
da o slabees (F) U5 el (VFR) oblks jsulejes
S5 et ol g 9 b nnjs Jis
(2ol 5l L8 JusTys sue) ol Jhoges jo a0 o Siles |y
D9 e 03 (gl 5l JUST3 382) 50,3 513905 )3
N O L R S R ]
ol aanMo bl oy usmen (awl Y B Y o (g00e
soje JUST8 sr s o L o & Cond La:)byu:
w5 (S5 op saaSed el Sl g JS 5]
ojo> bl o i Jore jd Mie ] aily (ool
055 3l oS o1 JUST3 dny g sl Jloa Sl jier 550
Mo g Cal yieS L wlidSiw Camwlus b ploss sl
o 5|yt Gialo)d & polie 03) L oS 0jg> JUsST,8
JusTys s b)) sm@ i a0l @ drg5 b oS cal Jlo
S (B gm 4SS WSl g (lid S Comlus
35 ol sl oje> il cunlipe bl oje JUST 8
Moges 3 s &5 Hobplen A3l jidn oIS ) L
S g odpel iy ol el Gl gy JUSTE e
dn ol a8 ollae Sl ploi el oj ST


http://dx.doi.org/10.29252/jwmr.10.19.73
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.6.9
https://jwmr.sanru.ac.ir/article-1-792-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.6.9 ]

[ DOI: 10.29252/jwmr.10.19.73 ]

AY

iz edd g wlie o iSe) sloaSus JUSTs dx g o515 dunlis

1.6

1.5

A4
\

e s s e / "
31 LB Just :}LA 12 // \\»—___//
e JUST,8 0y 1.1 d \—(/

Far v 1 T T ! ! ! ! I I I
Zg%.ﬁéf‘é&i%%j%@%
RN

EQ 4 4 4 4 3 ®
_3% 3 By

0395 milw 8 43 Covglio — udusT o395

(e poshsS YO slasols) (1S 500 aSd Mol 1 g 5 (3650 039) S8 aojsn JUSTE uxy (slayloges £ S
Figure 6. The Fractal dimension graphs of the domains before (watershed) and after modification of the
hydrographic network (25-square- kilometer units)

JI))L\) (V) 9 (Y) onbL;a )».05 oals M )L\E:O ..\M:L
o5 o Stsan oxim3 L5 S5 )3 (+VAWY) o Sl
S5 S ol J o 3 S5 JIS13 s (slmosl

ol bl ol s

Sl (slaojor JUS1,8 s pli ygme Sy (V) S
2 &S Cawl oas )l 31,5 g,00m aSus Mol o 5 Jub
adped R e .cuol oad VAV oo R* luie
Sodp N dr ol e doym g Canl O g o (o0
PSP o A dxyb g il o Swen il 5

1.5 - y = 0.5918In(x) + 1.0635
R2=0.1817 .

. 1.4 4 -
2 *® *
w13 A
=
- | *
] 11 - - *

e 1 T T !

1 1.2 1.4 1.6
Ml e JIST 5 sy

S 5ieh (sneSs ol 5| g 5 8 el slaojn JUSTy8 slal ydlie e S, YV JS5
Figure 7. Regression of fractal dimensions of watersheds before and after modification of hydrographic networks

oolie 9 C8> (izmen 5 032 J1y55 p SluSy Colus
oS om il glesy )*3 SIS 9hn SaSed mrw
bliyl ojes JuSTd an o) a5 4 9 (8159, aSii
o JsTe de e cpyider 205 o sdalide by xe
b ool jl (uolid S Jlaijl &8 olmoje> 53 lgicee
Zd MYA Joleo 2l claojes dlon | citud olus
oS olojes 0 lgi ey O] Mae pyieS 5 V¥R Joleo
Aitad pylio des U pylie cwlidipe slawijlo )
50,8 samlie VVY B o2 9 VY ol oIS dles ]
lodal ] 4Sd JUS1,3 dny 48 3905 ol i Olsiee (Bl
b g o390 juol (slamojoe (owlid Siw (sla Shy | (AU
ly adlais Calizes cladijl s Sho ol o o Al
S0 3l D903 2yl (93905 B gy 5 al b dinej
L 78 5l i cda b o)lgs oo 3uios ol & ozl b ,500
2y w1y adlais sladiile o JUSTS amy il
538 sl wlis b dlds aylive cloladl 25,8 o dlpiiy

ol 5l g ol ] sbisS (0) JI(Y) sla s
S ol gsa g (S5 g0am Sl (S5 (S g 4
2 &S0l 9wl e )8l g yieolS YO classly o JusTs
polie sbbjle & o jidn Cawles b glasjle
a  wdb Fy i (S ue s WSl ol
23,5 o odnlie yiin o byl JUS1,6 dn s
Sl Shy om daly oyn 4 Pl GdoS ol
gyl (ohy Joo I gyt sladalpl Sud s
gl 1 odel Cawdy glaanlyl a4 (DEM 50 m)
23,5 JLST,8 s 5l eslaswl b eyl 565 (sl odly (g s
o) Jead ey iSa) 4SS amd e ol @l
Slalpl a8l &y Cons o gy I e <85 b &)l S5
JioshS XD by 3 yio b DEM ey | bl
ool J10y55 5 VU sl €85l (@pe yiogkS V) e
sy 4 JuhE s awlie 5 dmbxe ouies
duslio 3)50 (slddo,e &S O\l Cono Jyae 0 pgal


http://dx.doi.org/10.29252/jwmr.10.19.73
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.6.9
https://jwmr.sanru.ac.ir/article-1-792-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.6.9 ]

[ DOI: 10.29252/jwmr.10.19.73 ]

AY

WA Gl g 5l /N8 oyl /ad Jlo jusul ojgn o e dsliing

3 ol 3 6By idstise s 4 bope Slallls i8S gul claeje ple g adlbedjse slaoje

10.

11.

12

13.

14.
15.
16.
17.
18.
19.
20.
21.

22.

23.
24.

25.

26.
27.
28.

2,5 ol JUST 8 amy slsilo plo L JE s dal) 9 5,5 Ojge
2 e g (o) Alise laa Bl )3 swlidipe)

&l
Adl, 1. and S. Mehrvand. 2004. Fractal dimension and hydrological characteristics of catchments, Sharif
University, Tehran, (In Persian).
Afshani, S.A. 2008. Practical training of SPSS in social and Behavioral Sciences, Yazd University, pp:
145-146.
Baas, A. 2002. Tchaos, fractals and self-organization in coastal geomorphology:simulating dune landscapes
in vegetated environmentso Geomorphology, 48: 309-328.
Del Afrooz, H., A. Ghaheri, M.A. Ghorbani and M.H. Fazeli fard. 2016. Use an index nonlinear dynamical
systems for the classification of hydrological watershed, Journal of Watershed Management, 7(13): 42-49
(In Persian).
Dombradi, E., G. Timér, G. Bada, S. Cloetingh and F. Horvath. 2007. Fractal dimension estimations of
drainage network in the, Sciencedirect, Global and Planetary Change, 58: 197-213.
Ekhtesasi, M.R. 1994. An Introduction to the fractal,Quantitative geomorphology, Desert and Natural
Resources College, Yazd University, (In Persian).
Esmaeili, H.A. and S. Kheyri. 2006. Introductory Workshop 11/5 SPSS software training,” Mashhad
University of Medical Sciences.
Ghadam poor, Z. and N. Taleb Bidokhti. 2011. Calculating the fractal dimension meander in the river using
a box counting, Sixth National Congress on Civil Engineering, Semnan University. (In Persian).
Gulbin, Y.L. ans E.B. Evangulova. 2003. Morphometry of quartz aggregates in granites:fractal image
sreferring tonucleation and growth processes," Mathematical Geology, 35(7): 819-833.
Homauoon Nelad, I. and S. SHojaei. 2016. Application of fractal watershed assessment (Case study:
watershed Doiyraj, Ecological congresses and exhibitions and future crises (centered on water scarcity and
urban and industrial pollution). No 3:7 pp.
Horton, R. 2013. Drainage Basin Characteristics. Transactions of the American Geophysical Union(AGU),
13: 350-370.

. Horton, R. 1945. Erosional development of streams and their drainage basins; hydrophysical approach, 56:

275-370.

Karam, A. and M. Saberi. 2015. Calculating the fractal dimension in drainage basins and its relationship
with the characteristics of the basin Geomorphological (Case study: watershed north of Tehran),
quantitative geomorphology, 4(3): 153-167 (In Persian).

Kruhl, J.H. 2012. Fractal-geometry techniques in the quantification of complex rock structures, Geology,
46:2-21.

Kruhl, J.H. and M. Nega.1996. The fractal shapeofsutured quartz grainboundaries, Geologische Rundschau,
85:38-43.

La Barbera, P. and R. Rosso. 1989. On the fractal dimension of stream networks. Water Resources
Research, 25(4): 735-741.

Mehr Kazemiyan, M. and I. Sajedifar. 2008. Geotourism Atlas llam Province Geological organistion and
Mineral Exploration country., Earth Sciences Databases.

Navarre Sitchler, A. and S. Brandley. 2007. Basalt weathering across scales, Earth and Planetary Science
Letters, 261(1-2): 321-334.

Nikooie, E., M. Hidari, N. Taleb Bidokhti and A.A. Hekmatzadeh. 2008. Fractal geometry in river
engineering, ideas, concepts and achievements L2 ”,Congress of Civil Engineering, Tehran, (In Persian).
Peitgen, H.O., H. Jurgens and D. Saupe. 1992. Chaos and Fractals:," New Frontiers of Science, Vols.
Springer, New York, 2(864): 62-63.

Pelletle r, Jon D. 1999. Self-organization and scaling relationships of evolving river networks Journal
april10, Geophisical research, pp: 7359-7375.

Rezaei Moghaddam, M.H. M.R. Servati and S. Asghari Sereskanrood. 2011. A comparative study of fractal
geometry analysis and pattern meanders using indexes central angle and curvature coefficient (Case Study:
River Qzlavzn), Journal of watershed management, Vol. 2, No. 3 (In Persian).

Roach, D. and A. Fowler. 1993. Dimensionality analysis of patterns: fractal measurements, AA(Ottawa
Carleton Geoscience Centre and Department of Geology, 19(6): 849-869.

Schuller, D.J., A.R. Rao and G.D. Jeong. 2001. Fractal characteristics of dense stream networks,
Hydrology, 243: 1-16.

Tahmasebi, Z., F. Zal and A. Ahmadi Khalaji. 2015. Tourmaline granites morphology in Mashhad (g2)
using fractal analysis and social theory with a limited release (DLA), Crystallography and Mineralogy of
Iran, Vol. 23, No. 3, (In Persian).

Talling, P. and M.J. Sowter. 1999. Drainage density on progressively tilted surfaces with different
gradients, Wheeler Ridge, California. Earth Surface Processes and Landforms, 24: 809-824.

Turcotte, D.L. 1992. Fractal and Chaos in Geology and Geophysics, Geophysics Combridge university
press.

Veneziano, D. and J.D. Niemann. 2000. Self-similarity and multifractality of fluvial erosion topography: 1.
Mathematical conditions and physical origin. Water Resources Research, 36: 1923-1936.


http://dx.doi.org/10.29252/jwmr.10.19.73
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.6.9
https://jwmr.sanru.ac.ir/article-1-792-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.6.9 ]

[ DOI: 10.29252/jwmr.10.19.73 ]

Journal of Watershed Management Research, Vol. 10, No.19, Spring and Summer 2019 .........cocoiviiiiiiininieee e 84

Comparison Density and Fractal Dimension of Drainage Networks in Different
Scales and Precision Different (Case Study: Ilam Watersheds)

Mahtab Alimoradi', Mohammad Reza Ekhtesasi* and Mehdi Tazeh® and Haji Karimi*

1- M.Sc., Natural Resources Engineering-watershed, Yazd University, Iran
2- Professor, Department of Rangeland and Watershed Management, Desert and Natural Resources College, Yazd
University, Iran (Corresponding author: mr_ekhtesasi@yazd.ac.ir)
3- Assistant Professor, Department Natural Resources, Ardakan University, Iran
4- Associate Professor, Department of Rangeland and Watershed Management, Agriculture College, llam University
Received: April 8, 2017 Accepted: May 29, 2018

Abstract

Every phenomena in the nature, despite the complexity of the subject, has certain rules and
regulations. River pattern and behavior as one of the most complex natural phenomena to this is
not an exception. Depending on geomorphologic, climatic, topographic and erosive conditions,
the waterways exhibit different patterns and behaviors. One of the parameters which can be
achieved using the complexity of the pattern of the form of phenomena is fractal geometry. The
purpose of this study is to calculate and compare the fractal dimension of hydrographic
networks in llam watersheds, which were extracted from 50 m DEM and SRTM satellite data.
Hydrographic networks that were derived from SRTM data with a precision of more than 5
meters are mapped by using Google Earth images. For this purpose, 12 watersheds were first
selected in Ilam province (Ema, Tang-e-Sazbon, Doiraj, Holylan, Nazarabad, Chamgahs, Kolm,
Siagav, Jafarabad, Chaviz, Jezman and Vargach) and after determining the units of 25 square
kilometers in each of the areas and drawing and completing the drainage network patterns in the
studied areas, their fractal dimension were calculated using Fractalys software. The results
showed that the calculation and comparison of fractal dimension with visual methods is correct
if the compared fields have the same area, and the accuracy and scale of the drawing of
hydrographic networks is also the same. On the other hand, the drainage network drafted on
Google Earth with a precision of more than five meters compared to the corresponding
waterway network with a precision of 50m DEM in 5 x 5 square kilometers (25 square
kilometers), has a very high accuracy. Also, the minimum fractal dimension before the
modification of hydrographic networks is for Ema watershed (1/042) and the maximum amount
is for Tang-e-Sazbon watershed (1,424). However, after the modification of hydrographic
networks and calculating fractal dimension, the lowest fractal dimension is for Chaviz
watershed (1.1) and the highest amount is for Nazarabad (1.49).

Keyword: Quantitative Parameters, Fractals Dimension, Formations Geology and Hydrology
and Sediment Indicators
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