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Abstract

The effect of watershed form on the surface runoff and
hydrograph is an obvious issue. Hence a large number of
researchers have considered the issue. Fractal geometry, as
one of new methods, can be applied in geomorphology of
rivers and also help to find some relationship between
watershed form and hydrograph. The most fundamental
fractal characteristic which is analyzed about the
phenomenon is the fractal dimension that have a great
importance for understanding and predicting river changes. In
this study, we consider the consistency (match) level of
artificial unit hydrograph of fractal and NRCS triangular unit
hydrograph and its relationship with the compactness
coefficient of watershed. To this end, Walnut Gulch
watershed in United States of America was chosen and the
compactness coefficient was also calculated for its 11 sub-
watersheds (sub- basins), and then, NRCS triangular unit
hydrograph, fractal triangular unit hydrograph were depicted
and compared with each other. Results showed that when
compactness coefficient is closer to 1.5, namely watershed is
more circular, hydrographs are more compatible. In fact, the
innovative method of fractal hydrograph is more appropriate,
like watersheds 5,7,9 and 11, and when compactness
coefficient is far from 1.5, the consistency is reduced, like
sub-basins 1 and 10.
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Beauvais and Montegomery, 1996; Shang and Kamae,
2005; De Bartolo et al., 2006; Shen et al., 2011).
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Fig. 2- Dem map of Walnut gulch basin
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(d)
Fig. 6- : Image processing procedure; (a) reading the image in grayscale; (b) background illumination; (c)
image with a uniform background; (d) edge detection; () allocating color and value to regions; (f) extracting
the pure waterway region.
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Table 2- Compactness coefficient results
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Fig.9- Observational unit hydrograph of Walnut Gulch, sub-basin number 9 using HEC-HMS software
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Table 3- Characteristics of soils assigned to soil groups
Ol Sy vl 2 SB saog 5 Y Jgua

Group A: Deep sand; deep loess; aggregated silts
Group B: Shallow loess; sandy loam

Group C: Clay loams; shallow sandy loam; soils low in organic content; soils usually high in clay
Group D: Soils that swell significantly when wet; heavy plastic clays; certain saline soils

Table 4- CN Value for Various Watersheds

Gl sbades 51w CN jlade -F Jguo

Curve Numbers for

Hydrologic Soil

Land Use Descriptio
Group
A B C D
Fully developed urban areas (vegetation established)
Lawns, open spaces, parks, golf courses, cemeteries, etc.
Good condition; grass cover on 75% or more of the area 39 61 74 80
Fair condition; grass cover on 50% to 75% of the area 49 69 79 84
Poor condition; grass cover on 50% or less of the area 68 79 86 89
Paved parking lots, roofs, driveways, etc. 98 98 98 98
Streets and roads
Paved with curbs and storm sewers 98 98 98 98
Gravel 76 85 89 91
Dirt 72 82 87 89
Paved with open ditches 83 89 92 93
Table 5- Parameters of observational hydrograph

Table 6- Fractal unit hydrograph in metric system
S50 i )3 (JUS 55 dalg B1,Sg 00 -7 Joso

Value Parameters
A(km?) 23.83
t(hr) 5.00
T1(hr) 4.10
Th(hr) 10.96
Qpk(m?¥/s) 12.09

IRLe 1,55 00 &y bspo 5o s,y 0 Jpan

Value Parameters
A (km?) 23.83
t (hr) 5.00
T1 (hr) 4.3
Tb (hr) 10.16
Qpk (m¥/s) 11.30

VRS )l ¢ o5lowd odd e JUo 3l ! O qbio esliios
Volume 13, No. 1, Spring 2017 (IR-WRR)

Vaa



d@]):] 03y &S U»Lmdué? 32 A s ‘_5)3' ok dhbdué,p é§|9

VIS dJaM Mol Lm)l.)w IV

ohod 4 422 IV ] Sopnm Ve S ol
2 4 bope lanlyl S5 5 0nd Ay JUSTS SIS0
Col pastie S jd 48 Hebled sl oldodygl asgs y;
a5 S5 ) a4 bl Sopiben s oS Ll Sy,

&ﬁw ¥ ".".if' \esd ’_,{:,C"’
AT B, e
“":ﬁ % v
el
" ’ i i i
st c=200
(@) (b)
W .
T #
i LA "'f 3 - o 3
e 1 1 1 1w
¢ Tmelis et b
(c) (d)
iy Pt M
=] S, = G
Lo zj’ﬁﬂ"{“‘ - = | s
iz A ps, iz wﬁ
R el M i & 3w
S I P4 P et (=T
(e) Q]
e T
- ﬂ:::‘jf??)
$m g i
- %
P
" % 3 omom f
Tl C18
)] ()
] T e
@7 | BN |
fi’%;’”‘r . m g R e
1 o e 1 o1 % 1o
Cae _— =35
() 0
_ YT e ) 2 kol e st Jlwr ¢yl 3! O @obivo oliudies _

Volume 13, No. 1, Spring 2017 (IR-WRR)

Yoo



(k)

ek ba
5 B §

U]
e NRCS UH

== == Fractal UH

Fig. 10- Comparison of NRCS triangular unit hydrograph and fractal Triangular Unit Hydrograph of Walnut gulch
basin with shape of the water ways and compactness coefficient; (a) sub-basin number1, (b) sub-basin number2, (c) sub-
basin number3, (d) sub-basin number4, (e) sub-basin number5, (f) sub-basin number6, (g) sub-basin number7, (h) sub-

basin numbers8, (i) sub-basin number?9, (j) sub-basin number10, (k) sub-basin number11, (I) sub-basin number15.
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Table 7- Overview on the differences of fractal hydrograph parameters and NRCS considering area,
compactness coefficient and height difference for each sub-basin.

S5, BYST 5 55 by p e Luns ol yoi 49 NRCS g JUST,5 (81,59 b s siol b SWAT & IS ol -V Joato
A9 5 B & by

the differences of the fractal hydrograph parameters

and NRCS
Sub- area (km?) Difference of Difference of Difference of peak height
watershed total time (hr) peak time (hr) discharge (cfs) difference
number (m)
1 22.10 1.50 0.56 184.97 346.02
2 9.25 0.77 0.29 41.11 112.61
3 7.10 0.67 0.25 23.78 176.92
4 2.26 1.53 0.58 22.71 67.88
5 22.03 0.09 0.04 13.67 232.64
6 15.51 0.15 0.06 14.46 291.21
7 13.64 0.28 0.11 25.97 224.69
8 6.96 0.31 0.12 12.23 130.54
9 23.83 0.03 0.01 3.10 308.15
10 15.65 2.00 0.75 159.99 553.61
11 7.85 0.18 0.07 9.23 137.10
15 1.56 1.74 0.65 18.63 62.09

Chow VT, Maidment DR and Mays LW (1988)
Applied Hydrology. McGraw-Hill, 572p

De Bartolo SG, Veltri M and Primavera L (2006)
Estimated generalized dimensions of river network.
Journal of Hydrology 322:181-191

Elmizadeh H, Mahpeykar O, Saadatmand M (2014)
The study of fractal theory in the geomorphology of
rivers. Journal of Quantitative Geomorphology
Research 2(3):130-141 (In Persian)

Fttahi MH, Jahangiri H (2014) Studying the relation
between fractal properties of river networks and
river flow time series. Journal of Water Resources
Engineering 7(20):1-10 (In Persian)

Fttahi MH, Talebzadeh Z (2016) Synthetic unit
hydrograph  based on fractal  watersheds
characteristics. Journal of Water Resources
Engineering, Accepted (In Persian)

Klinkenberg B (1994) A Review of methods used to
determine the fractal dimensions of Linear Features.
Journal of Mathematical Geology 26(1):23-46.

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

Li J, Du Q and Sun C (2009) An improved box-
counting method for image fractal dimension
estimation. Journal of Pattern Recognition
42(11):2460-2469

Sloph ases ax ya 29 oo odalie gult isw ;o 4" &oS lon
Wb o p MO a4 (Sopudbcgps dde Ml 5SS
ol BlSgy ol Jhg) 9 W) e Bl SIS g,
W Sl yigg ade JUS1E (la Sy sal p (soa
0d) lJ &S Lsowl 63‘9.0 Prl )> LY MNAANVD Lgl.mw? Jole
93 base S5 LV 5 ¥ asesp; aile wsb ol baslyl

5 oY slbdses i aile ail asls

&lp -0
Alizadeh A (2015) principles of applied hydrology.

Ferdowsi University of Mashhad Press 40p (In
Persian)

Baas ACW (2002) Chaos, fractals and self-organization
in coastal geomorphology: simulating dune
landscapes in vegetated environments. Journal of
Geomorphology 48(1):309-328

Beauvais A, Montgomery DR (1996) Influence of
valley type on the scaling properties of river plan
forms. Journal of Water Resource 5(32):1441-1448

Bi L, He H, Wei Z, Shi F (2012) Fractal properties of
landform in the Ordos block and surrounding areas.
Journal of China Geomorphology 175:151-162

Buczkowski S, Hildgen P, Cartilier L (1998)
Measurement of fractal dimension by Box-
Counting: a critical analysis of data scatter. Journal
of Physical A 252(1):23-34

VRS )l ¢ o5lowd odd e JUo 3l ! O qbio esliios
Volume 13, No. 1, Spring 2017 (IR-WRR)

vy



computer Simulation. Journal of Water Resource
29:3561-3568

Peckham SD (1989) New results for self-similar trees
with applications to river networks. Journal of
Water Resource 31(4):1023-1029

Rodriguez | and Rinaldo A (1997) Fractal river basins.
Chance and self-organization,
Cambridge:Cambridge University Press

Shang P and Kamae S (2005) Fractal nature of time
series in the sediment transport phenomenon.
Journal of Chaos Solutions & Fractals 26:997-1007

Shen XH, Zou LJ, Li HS (2002) Successive shift box
counting method for calculating fractal dimension
and its application in identification of fault. Journal
of Acta Geol, Sin.-Engl 76:257-263.

Turcotte DL (1992) Fractal and chaos in geology and
geophysics. Geophysics Cambridge University
Press, 121p

Liebovitch LS, Tibor T (1989) A fast algorithm to
determine fractal dimensions by box-counting.
Journal of Physics Letters A 141(8/9):386-390

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

Molteno TCA (1993) Fast O (N) box-counting
algorithm for estimating dimensions. Journal of
Physical Review E 48(5):3263-3266

Nikooyi E, Heydari M, Talebbeydokhti N,
Hekmatzadeh AA (2008) Fractal geometry in river
engineering: ideas, concepts and achievements.
National Congress on Civil Engineering, 14-15
May, University of Tehran (In Persian)

Nikora VI (1991) Fractal structures of river plan forms.
Journal of Water Resource 27(6):1327-1333

Nikora VI, Sapozhinov VB, Noever DA (1993) Fractal
geometry of individual river channels and its

VRS )l ¢ o5lowd odd e JUo 3l ! O qbio esliios
Volume 13, No. 1, Spring 2017 (IR-WRR)

vy





