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Abstract

Introduction: Meandering rivers, as prime examples of nature tendency to reach a regular
form, have been the focus of many researchers. These rivers contain a series of alternating
bends and curves, joined by short straight intervals across their plan and flow over gently
sloping channels in which sedimentary load settles as point loads on the inner wall of the bend.
River morphology studies the geometrical form of rivers in the plan, longitudinal profile
(channel slope), cross section geometry and topography. Morphological analysis of
meandering rivers is performed in two stages: determination of independent variables (flow
and sedimentary discharge), calculation of geometrical parameters of river morphology
through physical or experimental relationships. Such parameters are mostly studied using
Euclidean geometry. Sinuosity, for example, has been calculated with Euclidean attitude in
Cartesian coordinates. Quantifying geometrical parameters of meandering rivers morphology
in a Euclidean approach arises problems such as inaccuracy or complexity in calculation.
Instead, Fractal geometry is widely used in river engineering in recent literature, due to its
more detailed perspective of an object and its non-Euclidean properties. In Fractal Geometry,
the mathematical space classified into one-, two-, and three-dimensional spaces on the basis
of Euclidean geometry, is expressed as is fractal spaces in which the irregularities of the shapes
are expressed in terms of fractal dimension (a real dimension and not necessarily a natural
number). Single-fractal analyses are mainly carried out using methods such as box counting,
variation, scale change, and Brownian motion methods, while multi-fractal analyses include
methods such as spectral or wavelet analysis.

Methodology: Box counting is one of the fractal dimension calculation methods, widely used
in rivers and shorelines. In this method, the set of points is meshed on a curve or a surface
with squares (boxes) and the number of squares covering each part of the curve is calculated.
Variation method also is one of the most accurate and popular method that can be used to
calculate fractal dimension in various fields, however it is rarely used in river engineering up
to now. In the present study, the fractal dimension in the Mond River was calculated over a
15-year period from 2000 to 2015. Mond River, with 685 km length is one of the most important
rivers in southern Iran, originating in Fars province and flowing into the Persian Gulf through
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Bushehr province. Two fractal methods namely, box counting and variational methods were
applied to calculate fractal dimensions in I) the whole river II) 3 longest bends III) 13 meanders.
The results were then compared with those of sinusoidal coefficient. To calculate the fractal
dimension by changes method, the area covered by different characteristic lengths is
calculated in fixed intervals. Then, for different characteristic lengths the area covered by
meander curve is calculated using code written in Matlab. The correlation coefficient values
for the river coordinate data at each of the river intervals are obtained and compared in the
bends. In the box counting method, different dimensions of the box and therefore different
grids were considered. Then, in order to calculate the fractal dimension, the number of boxes
involved was calculated for different widths using codes written in Matlab. Variations in the
box width with the number of boxes in logarithmic scale are used to calculate the fractal
dimension in the box counting method.

Result and Discussion: The values for fractal dimension ranged between 1.01 to 1.09 and
1.0027 to 1.991 using box counting method and changes method, respectively. Additionally,
the calculated fractal dimension values were compared with sinusoidal coefficients in three
long meanders and fourteen bends of the river. Results indicated high correlations (R2 = 0.94-
0.99) between fractal and sinusoidal coefficients in the meanders. The fractal dimension
obtained in 2005 (1.05) was larger than those in other years. The largest fractal dimension was
met in the second meander, with a value of 1.06. Highest sinusoidal coefficient was also found
in the second meander indicating a direct relationship between these two parameters. There
was a high correlation coefficient (close to 1) between the fractal dimension and the sinusoidal
coefficient in the long meanders.

Conclusion: A considerably high correlation coefficient of 0.96 was obtained between the
parameters of the sinusoidal coefficient and the central angle calculated from the
morphological analysis, which indicates a direct relationship between these parameters. The
correlation coefficient of 0.85 between the fractal dimension parameters and the sinusoidal
coefficient as well as the correlation coefficient of 0.86 between the fractal dimension
parameters with the central angle indicates that the fractal dimension parameter is an
appropriate indicator for expressing the changes and complexity of the meandering rivers.

Keywords: Fractal Geometry, Meandering River, Box Counting Method, Sinuosity coefficient,
Mond River.
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Table 1 The beginning and end coordinates of long
meanders

End Beginning Arc No.
coordinates coordinates

X Y X Y

710038 3206307 707496 1207098
699468 3134213 636344 1119725
584184 3124542 551633 1116460

Lg‘::\iléo” L_SLQO)’L.I LSLQ,“\J‘ P laco! Glaise TJ,.\:

Table 2 The beginning and end coordinates of river reaches

End Beginning Reach
coordinates coordinates No.

X Y X Y

644220 3240041 644081 3240221 1
645896 3239712 645579 3239847 2
661366 3229069 660506 3229231 3
660109 3229745 659880 3229912 4
613688 3280913 610215 3282187 5
643632 3240576 643502 3240672 6
672410 3227167 672133 3227660 7
658754 3230432 658406 3230630 8
668146 3229181 667878 3929027 9
651495 3233881 651640 3234091 10
667586 3229837 667296 3229643 11
670252 3229474 669820 3229560 12
651928 3234187 651742 3234407 13
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Table 3 The fractal number in the entire path of the

Mond River
Boxcounting Variation Year
method method
1.02 1.089 2000
1.05 1.148 2005
1.03 1.105 2010
1.02 1.086 2015
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Table 4 Morphological analysis of three long arcs
sinusity coefficients

Year Arc
2015 2010 2005 2000 No.
3.43 3.35 3.36 3.3 1
3.52 3.48 3.4 35 2
3.03 3.13 3.1 3.11 3

dw )0 dn> b)led gy 4 JUSTS s mls & Jeua

Jusb 29,0l
Table 5 UTM start and end point of meander

Fractal number (Boxcounting method)

Year Arc No.
2015 2010 2005 2000
1.02 1.02 1.01 1.02 1
1.06 1.03 1.02 1.06 2
1.04 1.01 1.01 1.03 3

dw yo b (g pdy s iy, 4 JUEST8 o mls £ Jeus

kb 09,0

Table 6 UTM start and end point of meander
Fractal number (Variation method)

Year Arc
2015 2010 2005 2000 No.
1.089 1.037 1.033 1.035 1
1.142 1.150 1.127 1.199 2
1.079 1.069 1.076 1.077 3

Fig 4. Geological Formation Plan in Long Arc No. 4
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Table 8 Results of morphological and fractal dimension

analysis
Fractal Central sinusity The Wave Reach
number  angle  coefficient |engthof  length  No.
the
valley
1.003 96 117 267 228 3
1.055 99 1.19 381 320 4
1.008 101 1.19 1042 876 9
1.012 105 1.2 348 283 8
1.023 107 1.26 4660 3699 1
1.035 110 1.28 206 161 2
1.040 113 1.26 714 565 13
1.053 120 1.30 520 400 7
1.056 122 1.40 433 308 11
1.060 137 142 359 254 6
1.063 155 1.53 533 348 10
1.098 161 1.61 711 440 12
1.150 162 1.68 496 295 5

Jelo 5l sadiailone sl azeinld fxils [l o b
AL plp 05 Sl (et g o owlibicsy,
G oled (635 10 gl g (St o po sloaznl B
a0 Cowd ) 395 o0 0amline O JSI ;5 oS

b oo Gl 55 (635 e dagly (st pe IBIL

2
»lb

>c

£ %0'5 1 §=0.007A + 0.4848

“ 8 R2=0.9605
0 T T )

50 100 150 200
Central angle

Fig 5. Graph of the correlation coefficient between the
parameters of the sinusity coefficient and the central
angle
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Table 7 UTM start and end point of meander
Correlation coefficient

Boxcounting Variation
method method Year
0.99 0.99 2000
0.94 0.95 2005
0.98 0.99 2010
0.99 0.98 2015

L,>_|L.S\)s b wlbdcsn, Jdoo anslas ¥ Jgus o
9 Sl o\.\.wul.u LQUT O M/ " wfo e_’)s..oé.:
2 (Shaad o po e il o (aine a5 5k len
ABlge S A S5 g 00g w9 s Lo Lo den
L6 123y yusis gy 4 JUST 8 a9 sl ooy, ol
w‘ AW 00)5] 9 4....»[.7:4 ).u

(5"\“"0*"‘"9" Aoy 40 PUVRLS JER W ‘nbu‘ ulﬁ*o:u C"L"’
T ey &S JHpe ;045 0,5 atie s 3oy,
A 5,90 50 9 (e AilB0g, ASL VYO LY/ P o
30 ddlbiee (60g5bry wilbog, L Y U VYD e

9 pleS wldg) Wil 95 5l i o b (pl &5 (S50

Journal of Hydraulics
15 (1), 2020

22



IWAQ 5l o) oplos IO 050

Sy yuap

JusTs o Jlaae Yool Jlo 0 al30g, e JS 0
e g wdlioe 500 sladlo 5l 55,50 9 VO L Ly
A8 39,00 9951 5555 90 39,00 5o JUST 2 un
)Q as )#ul&& .A.wla‘sa \/‘? la ))‘).v QT )‘J.CLA 9 003.3
e (il pg 39,0 Sl aide ¥ Jouo
abal, a5 w3k ggdge (ul Sle cBld 1) chomy cu o
2,18 3925 azmiwl )8 50 1l seniins

S e (S L plp co)l ) (095 (Saod oy
Sy sk slosaolr 55 i s b ST
RPN

il o ALl 093l (Sared o
Joos 5l a5 65 e agly 9 st e sle
).ibL..) aS el omiwom x\owml:m g..JL.MJM)
el 4l Aal38l 55 (635 0 gl e ohmm cu pe 21
St oy 9 ¥ Jgax 5l o lCawsdy zbo 5l eolatul b
an sl ainl B Gl JAO Ll Sen oo
Plp (Sred 20 (rizmed 9 (Sh5m o pS 5 JUS1 2
&35 o asly b JLS1 am slo azeiul ) lee <P L
ol (JUSTHE am azul)d a8l o] ssmsplas
Sz Lol Ol ol Gln ol
Ol Wlgi oo g 039 42 13 (635,0lmm slaaileoy,
elbacsy, sldae o)ly wos swse axill B

D5l (99,0 Aoy,

b g —F
Andronache, I.C. and Ciobotaru, A.M. (2014). The
use of morphological theories in geographic
researches. European Academic Research, 1(11),
3992- 4005.

Ariza-Villaverde, A.B., Jimenez-Hornero, F.J. and
Gutierrez de Rave, E. (2013). Multi-fractal analysis
applied to the study of the accuracy of DEM-based
stream derivation, Geomorphology. 197, 85-95.

Aubeneau, A., Martin, R., Bolster, D., Schumer, R.,
Jerolmack, D. and Packman, A. (2015). Fractal
patterns in riverbed morphology produce fractal
scaling of water storage times, Geophysical
Research Letters. 42(13), 5309-5315.

oo S mey 3 A Joaz b Azl g 4 axgi |
e yd S5 oo odalive F JSCE (3 a5 Hebles (Siwon
&Sy agly 9 JUSTHE o Gl AL il (Sisn
Loplp (Ko oy uizmen V¥ SO 0 axgi by
a5 sdeliewsdy oy o pd g JUSTE an le /A

Db oo b azminl B opl s (295 (Seen Sl

1.2
115 | FD=0.0017A +0.8382

s R2 = 0.8803

3 11

[«5)

£ 105

[a)

= 1

8 095 . . .

L 50 100 150 200

Central angle

Fig 6. Graph of the correlation coefficient between the
parameters of the fractal dimension and the central angle

S5

| FD =0.2365S + 0.7279
R?=0.9011

Fractal Dimension

1 1.2 14 1.6 18

Sinusity Coefficients

Fig 7. Graph of the correlation coefficient between the
parameters of the sinusity coefficient and the fractal
number

oy s JUSTE an Gl (Sad oy loged ¥ IS0

S5 Az -0
D09y 5 4> oleds by, 4 (JUSTE oy Budid ) yo
YN0 BYerr lbojls ‘53Lo)’ o3k o o S oS
dw ;0 b g a0y e JS )0 02 ake A3y, sl
Hlade QT S 50 5 ol (j S sk 09,0l
9 w‘ OM]W\)‘LI l&os)ul?h.’ U"‘ ‘5‘).3 LS"“M w).,o
e 309,00 VY 6l JUSTS an Jlade uizen
9 dmolome B (600 ytd (g, 4 V1O Jlo jo dilos,

loads usflf.})‘ﬁ 3T k_;wl-»-wv-"u) Jubos b

Journal of Hydraulics
15 (1), 2020

23



(T g6 g (JUST S am bLG )

Nikora V.I. (1991). Fractal structures of river plan
forms, Water Res. Res. 27(6), 1327-1333.

Ortega, J.A., Razola, L. and Garzon, G. (2014).
Recent human impacts and change in dynamics and
morphology of ephemeral rivers. Natural Hazards
and Earth System Sciences, 14, 713-730.

Parker, G. (1976). On the cause and characteristic
scales of meandering and braiding rivers, J. Fluid
Mech. 76, 457-478.

Pelletier, J.D. (2007). Fractal behavior in space and
time in a simplified model of fluvial landform
evolution, Geomorphology. 91, 291-301.

Rakhshandehroo, G.R. and Ghadampour, Z. (2011).
A combination of fractal analysis and artificial
neural network to forecast groundwater depth,
Iranian Journal of science and Technology (B:
Engineering). 35(C1), 121-130.

Ramos, J. and Gracia, J. (2012). Spatial-temporal
fluvial morphology analysis in the Quelite River:
its impact on communication systems, Journal of
Hydrology. 412-413, 269-278.

Shen, X.H., Zou, LJ. and Zhang, G.F. (2011).
Fractal characteristics of the main channel of Yellow
River and its relation to regional tectonic evolution,
Geomorphology. 127(1-2), 64-70.

Snow, R.S. (1989). Fractal sinuosity of stream
channels, Pure Appl Geophys. 131(1/2), 99-109.

Sowparnika, M. and Jairaj, P.G. (2014). Implication
of fractal dimention on properties of rivers and river
basins. 5(12), 155-164.

Tadaki, M., Brierley, G. and Cullum, C. (2014)
River classification: theory, practice, politics,
WIREs Water. 1, 349-367.

Tarboton, D.G., Bras, R.L. and Rodriguez-Iturbe, I.
(1988). The fractal nature of river networks, Water
Resour. Res. 24, 1317-1322.

Tessier, Y., Lovejoy, S., Hubert, P., schertzer, D. and
Pechertzer, S. (1996). Multifractal analysis and
modeling of rainfall and river flows and scaling,
causal transfer functions. Journal of geophysical
research. Fractals, lattice models, and environmental
systems, 101 (D21), 26427-26440.

Zhang, B., Ai, N., Zheng, W.H., Yi, C. and Qin, F.
(2008). Meanders of the Jialing River in China:
Morphology and formation, Chinese Science
Bulletin. 53(2), 267-281.

Bachelier, L. (1900). Theorie de la speculation,
Annales  scientifiques de 1’Ecole  Normale
Superieure. 17(3), 21-86.

Beauvais, A. and Montgomery, D.R. (1996).
Influence of valley type on the scaling properties of
river planforms, Water Resour. Res. 32, 1441-1448.

Beer, T. (1990). Modelling rainfall as a fractal
process. Mathematics and computer in simulation,
32(1-2), 119-124.

Burrough, P.A. (1981). Fractal dimensions of
landscapes and other environmental data, Nature.
294, 240-242.

Crosato, A. (2008). Analysis and modelling of river
meandering  Analyse en  modellering van
meanderende rivieren. Ph.D. thesis, DELF
University of technology.

Cudennec, C., Fouad, Y., Sumarjo Gatot, I. and
Duchesne, J.  (2004). A geomorphological
explanation of the unit hydrograph concept, Hydrol.
Process, 18(4), 603-621.

De Bartolo, S.G., Veltri, M. and Primavera, L.
(2006). Estimated generalized dimensions of river
networks. J. Hydrol. 322, 181-191.

Dubuc, B. and Dubuc, S. (1996). Error bounds on the
estimation of fractal dimension. SIAM Journal of
Numerical Analysis, 33(2), 602-626.

Frish, U. (1995). Turbulence: The Legacy of A.N.
Kolmogorov, Cambridge University Press (Eds),
Cambridge (UK), 296.

Ghosh, P. (2000). Estimation of Channel Sinuosity
from Paleocurrent Data: A Method Using Fractal
Geometry, Journal of Sedimentary Research. 70(3),
449-455,

Kolmogorov, A. (1941). The local structure of
turbulence in incompressible viscous fluid for very
large reynolds number, Comptes Rendus de
I’ Académie des sciences. 30, 9-13.

Lopes, R. and Betrouni, N. (2009). Fractal and
multifractal analysis: A review, Medical Image
Analysis. 13, 634-649.

Mandelbrot, B. (1967). How long is the coast of
Britain? Statistical self-similarity and fractional
dimension. Science, 156, 636-638.

Mandelbrot, B.B. (1985). Self-affine fractals and
fractal dimension. Physica scripta, 32(4), 257.

Nestler, J. and Sutton, V.K. (2000). Describing
scales of features in river channels using fractal
geometry concepts, Regulated Rivers: Research &
Management. 16(1), 1-22.

Journal of Hydraulics
15 (1), 2020

24



