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Abstract

Runoff coefficient (RC) is included in the rational method for
computation of runoff, and is used in water balance to measure
infiltration and the excess rainfall. The RC is the percentage of
rainfall which is made runoff, and depends on topography,
slope, soil texture, plant coverage, and rainfall. These features
alter temporally and spatially along the watershed. A semi-
distributive model, TOPMODEL is such that the topography
of the hillslope and the contributing levels play the main role
in runoff generation. It is also capable of computing soil
moisture deficit at each point along the hillslope. In the current
research, the effects of the hillslope topography on infiltration,
temporally and spatially, and its spatial changes are examined
using TOPMODEL and according to the topography. To this
end, first, the parameters of TOPMODEL and its equations for
complex hillslopes were developed. By combining with SCS-
CN model, the impact of geometry of complex hillslopes on
RC was investigated. The runoff hydrograph of the hillslopes
was scutinized using the rational method combined with the
complex time-area model. According to the results, the
divergent hillslopes have a smaller RC, as well as flood, than
the parallel and convergent ones. Also, the convex hillslopes
have smaller RC, as well as flood, with respect to the straight
and concave ones. As for the convergent-concave hillslopes,
the runoff is 80% more than that for the divergent-convex.
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Fig. 1- Topographic map an

d plan shape of the hillslopes of the New Hampshire basin in the United States

(Fan-Bras, 1998)
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Fig. 2- Plan shape and profile curvature combination of complex hillslopes (Sabzevari et al., 2015)
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Table 1- The geometrical and soil properties of the case study
ey D90 Aald S g cwiid Olasuin -) Jous

Characteristic Unit Symbol Value
lenght m L 100
width m w 50
slope angle degree S] 10-20-30
hydrulic conductivity coefficient m/hr Ko 0.65
decay factor - f 2
Space step m dx 1
rainfall depth mm P 20-50-70
soil roughness coefficient - n 0.5
rainfall duration sec Du 2500

Table 2- Geometrical values of hillslope i

in case study (based on Fan-Bras, 1998)

Fan-Bras (1998) awaid (wlw! p Flllle 7 )b <8 po dlold cwdid 330 =Y Joua

Hillslope No. a v C B

©=10° ©=20° ©=30°
1 -0.016 0.001 50 -0.276 -0.464 -0.677
2 0 0.001 30 -0.276 -0.464 -0.677
3 0.036 0.001 3 -0.276 -0.464 -0.677
4 -0.016 0 50 -0.176 -0.364 -0.577
5 0 0 30 -0.176 -0.364 -0.577
6 0.036 0 3 -0.176 -0.364 -0.577
7 -0.016 -0.001 50 -0.076 -0.264 -0.477
8 0 -0.001 30 -0.076 -0.264 -0.477
9 0.036 -0.001 3 -0.076 -0.264 -0.477
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Fig. 5- Location profile of runoff coefficient for different rainfall and mean slope of 10 degree
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Table 3- Average values of runoff coefficient for
different rainfall and mean slope of 10 degree

G SW,U sl Sy cu o bawgio pdlie -Y Jouo
430 Y+ huwgie Cowi g BliSeo

Hillslope No.  P=20mm  P=50mm P=70mm
1 0.319 0.352 0.375
2 0.308 0.357 0.387
3 0.031 0.159 0.239
4 0.295 0.339 0.368
5 0.155 0.253 0.307
6 0.000 0.063 0.141
7 0.177 0.248 0.292
8 0.000 0.071 0.138
9 0.000 0.053 0.126
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Table 4- Average runoff coefficient of hillslopes to

rectangular hillslopes ((_: Ic rec) for 50 mm rainfall
and slope 10 degree

shbiuno dald 4 Ll Oy, cu o bwgio —F Jgaa
4?)3\’ nglodyba’ ;M)l{‘s‘)g(C/Crec.)

Hillslope No. P=20mm P=50mm P=70mm
1 2.06 1.39 1.22
2 1.99 1.41 1.26
3 0.20 0.63 0.78
4 1.90 1.34 1.20
5 1.00 1.00 1.00
6 0.00 0.25 0.46
7 1.14 0.98 0.95
8 0.00 0.28 0.45
9 0.00 0.21 0.41
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Fig. 6- Influence of a parameter changes on runoff coefficient for slope 10 degree
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Fig. 7- Runoff coefficient variations for hillslope angles of 10, 20 and 30 degrees and 70mm rainfall
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Table 5- The ratio of the concentration time of the complex hillslopes to the concentration time of the
rectangular hillslopes (Tc/Tc rec)

(To/Teree.) (ulriume aiold 35 05 oy dy &8 o (G 35 5o (ylo Comnd -0 Jouo

Hillslope No. 1 2 3

4 5 6 7 8 9

(To/ Te rec)(seC) 0.86 0.99 1.29

0.88 1 13 0.95 1.07 1.35
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Fig. 8- TAH in slopoe 10 degrees
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Table 6- Ratio of maximum calculated slope runoff to rectangular slope (Qmax/(Qmax) rec. (lit/s)) using complex
time-area modeling rational method
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Hillslope No. 1 2 3 4 5 6 7 8 9
P=20mm 1.78 2.06 0.19 1.62 1 0 0.98 0 0
1
1

P=50mm 117 1.43 0.59 1.03 0.26 0.82 028 0.22

P=70mm 1.03 1.27 0.72 1.06 0.47 0.8 046 043
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Fig. 9- Comparison of surface runoff hydrograph with time-area model with 2500 seconds rainfall duration
and slope 10 degrees
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Table 7- Maximum runoff values calculated with time-area model (Lit/s) (50 mm rainfall and 10, 20 and 30
degrees slope angles)
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Fig. 10- Comparison of surface runoff hydrograph with time-area model for 50 mm rainfall and 10, 20 and
30 degrees slope angle
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