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Introduction

The Curve Number (SCS-CN) method, one of the most widely used methods for estimating
runoff in hydrology, has been developed by soil conservation services. The application of SCS
equation in Iran may be mixed with considerable errors due to different climatological, geological,
and hydrological characteristics. In addition, the other cause of error in this method is the
relationship between la and S (Equation 2), which is experimental and has been taken from rainwater
data in small laboratories (Anonymous, 1972). This relationship can be criticized in terms of the
document and was examined in various studies of its accuracy and application (Bo et al., 2011, Shi et
al., 2009, Baltas et al., 2007, Mishra et al ., 2006,2004, Hawkins et al., 2002), In order to calibrate the
SCS equation and evaluation in empirical relations, Pasekohak catchment was selected. Pasekohak
basin includes four sub-basins where flood runoff was gauged during five flood events. Curve
Number (CN) for the sub-basins was estimated according to the remote sensing, geological maps,
and field works. The real hydrograph for each event was compared with SCS hydrograph in HEC-
HMS software, and the calibration and correction of SCS coefficients were conducted. The results
suggest a correction coefficient of 0.92 for SCSLag, the average ratio of la/S is 0.044, which is
completely different from 0.2 in SCS. The CN in the study area is 0.41 of CN provided by SCS.

Methodology

In this study, in order to investigate the validity of the relations in the SCS method, the watershed
of Pascukhak with an area of about 72 square kilometers located in the west of Shiraz was studied.
This basin has 4 sub-basins and 5 measuring stations. 5 rainfall events were used for direct runoff
measurement. flood discharge measurements were carried out several times in different events at
each station. The runoff depth was also taken at intervals of 2 to 4 hours in all rainfall events at each
station (Rating curve). in this research, AutoCAD software (extraction of precipitation data from
relevant graphs), ArcGIS (geological map and slope distribution), ENVI (land use differentiation),
and finally, HEC-HMS (for the comparison and calibration of real hydrograph and hydrograph
derived from SCS) have been used. Using field studies in the study area and according to the geology
map (the genus of the rock formations in the region) and the permeability of the alluvium from each
formation and the relevant tables, soil hydrological groups in the Pascourt basin and sub-basin were
determined (table 1). In order to determine the land used in the studied area, TM satellite images (12
/June / 1998) and the ENVI 3.4 (2006) software were used.
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Table 1- geological formations and related hydrological groups
Formation Hydrologic group
Gachsaran
Bakhtiyari Conglomerate
Bakhtiyari Conglomerate
Alluvial
Gachsaran Alluvial
Razak
Asmari

gorpeiy

>00

OmO®@

Results and Discussion

Using the data above, the hydrologic groups of the soil and the percentage of each hydrological
group were determined in the study area. Finally, the amount of CN in moisture conditions IT was
determined for the Peschuk basin and sub-basin (table 2). The calibration of the SCS method was
performed based on the calculated and observed hydrographs for each rainfall event using the HEC-
HMS software. Possible sources of error in the SCS method can be referred to as the 1A / S ratio.
This ratio is ascertained experimentally and equals to 0.2. Also, in the SCS method, the time factor
does not play an important role. This means that the precipitation intensity is not considered. Thus, in
this research, the IA / S ratios for the basin and sub-basins were determined and we tried to
investigate the role of time (rainfall intensity) by drawing different factors in comparison with
rainfall intensity. Therefore, changes in CN, SCS Lag, and la values have been studied and compared
with rainfall intensity.

Table 2- Estimated CN (humidity condition IT) for Pasekohak basin and sub basins

Basin /sub basin CN
Pasekohak basin 70
Pasekohak sub basin 60
Maroon sub basin 72
Gazdan-Maroon sub basin 72
Maroon-Maroon sub basin 70

The results obtained in this study indicate that the calibrated SCS Lag values vary at different
stations, and the average value obtained from the SCS Lag calibrated to SCS Lag from SCS is 0.92.
thus, we can use Equation 1 to obtain the actual SCS Lag value
SCSLag o = SCSLagg.s X 0.92 Q)

The amount of initial abstraction in this study was lower than those predicted by the SCS method in
all sub-basins. The average la/ S value obtained in this study is 0.44, according to 2:

I,=0.044x%xS (2)

This equation can be used instead of the SCS experimental relationship. Given the CN estimated by
the SCS method, and the average of actual CN obtained for each sub-basin, the correction coefficient
as equation 3 will be used for converting the estimated to the observation CN

CN, = CNgcs X 0.41 (3)

Conclusions

The results showed that the calibrated SCS Lag values vary at different stations, and the average
value obtained from the SCS Lag calibrated to SCS Lag from SCS is 0.92. The amount of initial
abstraction in this study was lower than those predicted by the SCS method in all sub-basins. The
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average la / S value obtained in this study is 0.44. Given the CN estimated by the SCS method and
the average of actual CN obtained for each sub-basin, the correction coefficient could be 0.41 for
converting the estimated to the observation CN. This research was carried out in the Pesekohak
watershed and its results are valid for this basin. It is suggested that similar research be carried out in
the same climatic conditions in order to ascertain the accuracy of the relationships, and then the
results obtained from this study could be used in similar basins in terms of lithology, soil type, and
physiography characteristics.
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Fig. 2- Location of hydrometry stations in pasekohak watershed
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Table 1- Hydrological characteristics of the studied watersheds

aree; perimeter Time of Time of Stream Drainage
. - (km?) (km) concentration(h) concentration(h) lengths(km) density
Basin /sub basin SCS method Bransby-williams (km/km?)
method
Pasekohak basin 73 47 8.6 45 14 3.2
Pasekohak sub 29 26.5 3.75 25 - -
basin
Maroon sub basin 40 33 6.7 4 - -
Gazdan-Maroon 5 11.8 2.14 3.2 - -
sub basin
Maroon-Maroon 24 24.3 5.3 1.6 - -
sub basin
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Table2- General characteristics of the measured rainfall events

Rainfall event Total rainfall (mm) Time (Min) |?;$:15/I;§/ gg;zl bi?é)r:];aymar;?
2011 November 22 37 630 35 22
2011 November 30 30 1384 1.3 16
2012 January 13 40 930 25 73
2012 February 1 162 2360 4.12 2
2012 February 17 38 2215 1.03 13
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Fig. 3-(a) Rating curve for Aliabad station, (b) Slope map of Paskohak watershed
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Fig. 4- (a) Satellite image of Pasekohak watershed:RGB:742, (b) Land use (agriculture, gardens and
unutilized lands)

oyl (&7 i :(b) RGB:742 Sy s 5 b Sloslsak pgai 50 X gl el dog> odgue i(A)-¢ Kb
(2L S0 9 0980 GBEL L obS (S39LES™ (o)

Of Sdbg> 13 9 Xaglus 409> 13 (S21) (S Il K - oo
Table 3- land use in Pasekohak watershed (basin and sub basins)

Basin /sub basin Land use Percent (%)

agriculture 0.6

Pasekohak basin garden 0.5

Incult 98.9

agriculture 0.3

Pasekohak sub garden 0.7
basin Incult 99
agriculture 1.3

Maroon sub basin garden 0.7
Incult 98

agriculture 0.3

Gazdan-Maroon garden 0.7
sub basin Incult 99
agriculture 2

Maroon-Maroon garden 0.5

sub basin Incult 97.5
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Table 4- Geological formations and related hydrological groups

Formation

Hydrologic group

Gachsaran

Bakhtiyari Conglomerate
Bakhtiyari Conglomerate
Alluvial

Gachsaran Alluvial
Razak

Asmari

Gorpeiy
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Table 5- Different soil hydrologic groups and the area of each group in the basin and sub-basins

Basin /sub basin Hydrologic group Area(%)
A 18
B 27
Pasekohak basin g 55
A 23
B _
Pasekohak sub basin g 77
A 12
B 18
Maroon sub basin g 70
A 14
B _
Gazdan-Maroon sub C 86
basin D _
A 20
B _
Maroon-Maroon sub C 80
basin D _
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Table 6- Estimated CN (humidity conditionII) for Pasekohak basin and sub basins

Basin /sub basin CN
Pasekohak basin 70
Pasekohak sub basin 60
Maroon sub basin 72
Gazdan-Maroon sub basin 72
Maroon-Maroon sub basin 70
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Fig. 5- SCS hydrograph and the measured hydrograph (November 22, 2011)
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Fig. 6- Calibration of hydrograph obtained from the SCS method and actual hydrograph
(2011 November 22)
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Table 7- Hydrograph characteristics obtained from the measured and SCS method
(2011 November 22)

Volume Peak Time to peak
(mm)  flow(cms)
simulated 0.2 0.3 21 Nov 22:00
observed 0.4 0.4 21 Nov 22:00
%(difference -58 -10 -
value
CN 60
initial abstraction 33.8
SCS lag 135
Fun.valu 0.9

(R+/8/) 4xBlg) 819 B 9 0u §SCS gy I fol> GBI F g0 mwlgd by pole -AJgus
Table 7- Values obtained from calibration of the measured hydrograph and SCS method
(2011 November 22)

Volume Peak Time to peak
(mm)  flow(cms)
simulated 0.4 0.45 21 Nov 21:00
observed 0.4 0.44 21 Nov 22:00
%(difference -6.8 1.46 -
value
CN 15
initial abstraction 1
SCS lag 135
Fun.valu 0.03
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Table 9- Average of numerical results obtained for the basin and sub-basins

- — Z © c —~ — — —~ —
8 8 °© "_6 "'_5 S b (=2 pt (=) g g
(5] N = 8] N 8] =

Basin /sub basin g2 28 28 goFE o= S8 € 2L

s>z 52 2o 8= 500 552 <

=0 >3 5~ &= >0 >0 >

< <8z >0 < 7o <
Pasekohak basin 70 24 246 694 321 232 0.007
Egsfnk"hak sub 60 32 383 75 156.2 1504  0.035
Maroon sub basin 72 26 225 11 255.8 2324 0.0518
Gazdan-Maroon 72 23 225 137 203 192 006
sub basin
Maroon-Maroon 70 37 2444 774 80 88  0.039
sub basin
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Fig. 7- (a), (b) Variation of the observed CN versus rainfall Intensity, (c) difference of the
observed and estimated CN versus slope variation in the study area, (d) variation of the observed
scslag versus rainfall Intensity
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Fig. 8- (a) Estimated runoff versus observation runoff (1a/S=0.2), (b) estimated runoff versus
observation runoff (1a/S=0.044)
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Table 1- Average of Actual CN and CN from SCS for Sub basins

Correction coefficients for

Basin /sub basin CN (SCS) Actual CN CN from SCS
Pasekohak basin 70 24 0.34
Pasekohak sub basin 60 32 0.53
Maroon sub basin 72 26 0.36
Gazdan-Maroon sub basin 72 23 0.32
Maroon-Maroon sub basin 70 37 0.53
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