ol ! ol Kle Olaoss VYRV ylanns e 8,b0ud o3, l0s J ——a—
Volume 14, No. 5, Winter 2019 (IR-WRR)
Iran-Water Resources N o, —

Research

Compliance of the Watershed Geo-
Morphological Indices with the Multi-fractal
Properties of the River Network
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Abstract

Fractal geometry is used as a suitable tool for analysis of the sub-basin
and the river networks geomorphology characteristics and simulation
of complex natural phenomenon. The main objective of this article is
the analysis and evaluation of Walnut Gulch Watershed based on
multi-fractal analysis of the river network images and geomorphology
characteristics. The basin is located at the south eastern Arizona State
in the united states with total area of over 150 km?that surrounds the
historical western town of Tombstone (31042' N , 110003' W). To
achieve this goal we inserted the required data in GIS template in the
Arc Map software including Dem 10 topographic maps of the drainage
network and sub-basins classification. Accordingly geo-morphologic
characteristics including stream length gradient index (SL), river
sinuosity (S), transverse topographic symmetry factor (T), drainage
density (1), elongation ratio (Re) and form factor (Bs) are calculated.
We also developed MATLAB codes for multi-fractal indices including
fractal generalized dimension D (q), singularity spectrum f (o) and the
scaling exponent T(q). Besides, the fractal dimension is calculated
using Box Counting method. Results depicted that the non-linear
nature of the river network is mostly based on the multi-fractal
characteristics rather than the fractal dimension. Results also showed
that significant relations are recorded between the geomorphologic
indices such as: W, SL, S, T, BS and Re and the multi-fractal
characteristics D (g), T (q) and f (o). Results reported that sub-basins
with most S, SL and p values including sub-basins 3, 6, 9 and 10, also
hold the greatest T (g) index and singularity angle,a. Meanwhile, the
absolute difference between the fractal dimension and D (), which is
called A, was minimum and generalized dimension graph showed the
most monotonic behavior. On the other hand for sub-basins 5, 7, 15, 2,
and 1 for which the S, SL and [ indices were the smallest, T (q), D (q)
and o also delivered their minimum values, A was maximum and
generalized dimension diagram showed sharp variations. Results also
showed that T has significant relation with the symmetry of the
singularity spectrum. Sub-basins 7, 9, 5 and 11 with the smallest T
have non-symmetric singularity spectrums and right asymmetric while
sub-basins 3, 6, 8, 1 and 15 with the highest T values are more
symmetric and sub-basin 10 with the maximum T is fully symmetric.
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Fig. 1- Walnut Gulch Watershed and River Network, a) Walnut Gulch Location and Boundaries, b) Walnut

Gulch River Network Map
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Fig. 2- Walnut Gulch Basin in the Southeast of Arizona, USA
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Table 1- Fractal dimensions calculated for each sub-area
WSg 1§ p (8] B dpwlmo JUST )8 amy - Jous

3 4 5 6

1.7272 1565 1.5832 1.6128 1.6869 1.6391

9 10 11 15

Sub-basin 1 2
Fractal dimension
Sub-basin 7 8
Fractal dimension
T(q)
20
15

-15

-20

1.7196 1.627 1.7843 1.6682 1.6872 1.7638

—e—To0(g)1
To(q)2
—e—To(q)3
—o— To(g)4
—a—To(q)5

15 —e—To()6
- & -To(q)7
—e—To(q)8

—e— To(q)9

Fig. 4- Scaling exponent of all sub-basins
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Table 2- Sub-basins ranking based on scaling coefficient diagram and generalized dimension
lmasd wa g owliie Go b loged (bl 2 Baden pyj g abaady Y Jgsa

Row Rate of changes Ranked from Sharp Rotation Ranked upon the vertex angle
D(g=10) -D(g=-10)  to Monotonic trend (angle) value
1 1.02 Sub-basin 5 145 Sub-basin 5
2 0.96 Sub-basin 7 147 Sub-basin 15
3 0.91 Sub-basin 15 152 Sub-basin 7
4 0.77 Sub-basin 8 158 Sub-basin 4
5 0.74 Sub-basin 4 159 Sub-basin 8
6 0.70 Sub-basin 1 161 Sub-basin 1
7 0.49 Sub-basin 2 167 Sub-basin 6
8 0.47 Sub-basin 6 168 Sub-basin 2
9 0.39 Sub-basin 3 171 Sub-basin 3
10 0.24 Sub-basin 11 177 Sub-basin 9
11 0.18 Sub-basin 9 175 Sub-basin 11
12 0.03 Sub-basin 10 179 Sub-basin 10
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Fig. 6- Comparison of the singularity spectrum of all sub-basins
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Table 3- Sub-basins rankings in terms of symmetry quality
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Tendency to left  Symmetric  Tendency to right
Sub-basin 4 Sub-basin 10 Sub-basin 1
Sub-basin 5 Sub-basin 2
Sub-basin 7 Sub-basin 3
Sub-basin 9 Sub-basin 6
Sub-basin 11 Sub-basin 8

Sub-basin 15
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Table 4- Sub-basins ranking based on the singularity spectrum diagram
S5 b faged olsl 52 Badgs o5 g -F Jgsa

Row Range Ranked from widest range  Angle a Ranked from the closest
(o = Omin) of a to the shortest range  (Degree) spectrum to widest
1 0.09 Sub-basin 10 85 Sub-basin 9
2 0.29 Sub-basin 9 84 Sub-basin 6
3 0.34 Sub-basin 11 79 Sub-basin 10
4 0.55 Sub-basin 3 79 Sub-basin 11
5 0.60 Sub-basin 6 78 Sub-basin 3
6 0.94 Sub-basin 4 53 Sub-basin 5
7 1.02 Sub-basin 8 51 Sub-basin 8
8 1.03 Sub-basin 15 46 Sub-basin 15
9 1.06 Sub-basin 2 46 Sub-basin 1
10 1.27 Sub-basin 5 42 Sub-basin 4
11 1.28 Sub-basin 1 40 Sub-basin 7
12 1.30 Sub-basin 7 30 Sub-basin 2
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Table 5- Summary results of multifractal analysis for all sub-basins
Lases y; olod JUST s ol Judod zuls aods -0 Joua

Sub-basin Vertex Changes' Range Angle A
angle Rate a
1 161 0.70 1.28 46 0.2857
2 168 0.49 1.06 30 0.2081
3 171 0.39 0.55 78 0.2505
4 158 0.74 0.94 42 0.3957
5 145 1.02 1.27 53 0.4168
6 167 0.47 0.60 84 0.2597
7 152 0.96 1.30 40 0.3827
8 159 0.77 1.02 51 0.3227
9 177 0.18 0.29 85 0.3195
10 179 0.03 0.09 79 0.3003
11 175 0.24 0.34 79 0.2257
15 147 0.91 1.03 46 0.5893
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Table 6- Summary of the values of geo-morphological indicators for all sub-basins
Wadgs 5 (olod (S55lsd 90975 sl plio aods —F Joio

Sub-basin  wkm/km2)  S(m/m) SL(m) T(m/m) BS(m/m) Re(km/km)
1 7.17 1.27 99.51 0.53 2.76 0.46
2 7.06 1.15 22.12 0.25 1.17 0.82
3 7.88 1.37 110.34 0.26 6.74 0.34
4 7.82 1.28 39.32 0.30 2.50 0.58
5 3.40 1.23 39.86 0.21 0.78 1.01
6 6.14 1.45 118.62 0.27 2.24 0.69
7 5.51 1.24 67.67 0.14 1.22 0.76
8 7.76 1.33 50.07 0.34 2.58 0.58
9 7.38 1.54 116.97 0.16 2.94 0.51
10 7.41 141 205.18 0.24 8.19 0.31
11 9.34 1.25 75.20 0.24 2.47 0.56
15 6.35 1.21 29.57 0.32 2.34 1.08
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Table 7- Sub-basins rankings based on geo-morphological indices
259998590955 SRt L bl Bades 115 gaiad ) -V Joua

Row  Index Sub-basin Index  Sub-basinrank Index  Sub-basin rank Index Sub-basin rank
u rank BS S SL
1 9.34 Sub-basin 11 8.19 Sub-basin 10 1.54 Sub-basin 9 205.18 Sub-basin 10
2 7.88 Sub-basin 3 6.74 Sub-basin 3 1.45 Sub-basin 6 118.62 Sub-basin 6
3 7.82 Sub-basin 4 2.94 Sub-basin 9 141 Sub-basin 10 116.97 Sub-basin 9
4 7.76 Sub-basin 8 2.76 Sub-basin 1 1.37 Sub-basin 3 110.34 Sub-basin 3
5 7.41 Sub-basin 10 2.58 Sub-basin 8 1.33 Sub-basin 8 99.51 Sub-basin 1
6 7.38 Sub-basin 9 2.50 Sub-basin 4 1.28 Sub-basin 4 75.2 Sub-basin 11
7 7.17 Sub-basin 1 2.47 Sub-basin 11 1.27 Sub-basin 1 67.67 Sub-basin 7
8 7.06 Sub-basin 2 2.34 Sub-basin 15 1.25 Sub-basin 11 50.07 Sub-basin 8
9 6.53 Sub-basin 15 2.24 Sub-basin 6 1.24 Sub-basin 7 39.86 Sub-basin 5
10 6.14 Sub-basin 6 1.22 Sub-basin 7 1.23 Sub-basin 5 39.32 Sub-basin 4
11 5,51 Sub-basin 7 1.17 Sub-basin 2 121 Sub-basin 15 29.57 Sub-basin 15
12 3.40 Sub-basin 5 0.78 Sub-basin 5 1.15 Sub-basin 2 22.12 Sub-basin 2

Table 8- Sub-basin rankings based on geo-morphological indexes

Re 9 T Sjgledypea spad b (wlwl p bades 5 sauad; -A Joaa

Row Index T Sub-basin rank Index Re Sub-basin rank
1 0.14 Sub-basin 7 0.31 Sub-basin 10
2 0.16 Sub-basin 9 0.34 Sub-basin 3
3 0.21 Sub-basin 5 0.46 Sub-basin 1
4 0.24 Sub-basin 10 0.51 Sub-basin 9
5 0.24 Sub-basin 11 0.56 Sub-basin 11
6 0.25 Sub-basin 2 0.58 Sub-basin 4
7 0.26 Sub-basin 3 0.58 Sub-basin 8
8 0.27 Sub-basin 6 0.69 Sub-basin 6
8 0.30 Sub-basin 4 0.76 Sub-basin 7
10 0.32 Sub-basin 15 0.82 Sub-basin 2
11 0.34 Sub-basin 8 1.01 Sub-basin 5
12 0.53 Sub-basin 1 1.08 Sub-basin 15
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1- Sand Box

2- Stream Length-Gradient Index
3- River Sinuosity

4- Transverse Topographic Symmetry Factor
5- Drainage Density

6- Elongation Ratio

7- Fractal Generalized Dimension
8- Singularity Spectrum

9- Full Symmetric

10- Exact Fractal

11- Self-Similar

12- Right Asymmetric

13- Left Asymmetric

14- Scaling Exponent

15-Vertex Angle

16- www.tucson.ars.ag.gov/dap/
17- Scale Invariant
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