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Abstract 
 
The paper represents an attempt to develop the rainfall runoff relation for 

ungagged Badra and Tersihk watersheds east of Wasit province in Iraq. The 

flowrate producing by these watersheds represents the main sources of flood. 

This flood inundates a large area during flood years and threatens Kut city by 
flood hazards. In first section of the manuscripts the authors look over the 

previous studies which employed SCS-CN method which is confirmed that 

the method is widely accepted for rainfall runoff modeling.Additionally, the 
manuscript describes the SCS-CN as well as the employing of GIS technique 

to provide of curve number (CN) map which represents the main parameter 

to predict the relation between rainfall-runoff using SCS-CN technique.It is 
hoped this study will introduce the required information which can employed 

to wise management of water resources producing by these two 

watersheds.The results shows that the average annual rainfall in the Badra 

and Tersikh basins were 325 and 233 mm respectively these basins classified 
as semi-rainfall area. The computed curve number (CNaverage) for normal 

conditions using area weighted method for two basins were and equal are 

(91.62 and 91.63) for Badra and Tersikh basins respectively. In addition, 
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estimation of monthly runoff in the basins for period 1994 to 2016 showed 

that max yearly runoff was 330.5 mm in 1999 for Badra basin and 271.2 mm 

in 1994 for Tersikh basin. 
 

Key words: Rainfall, runoff, SCS-CN method, Badra, Tersikh, watersheds. 

 

1 Introduction 
 

Runoff is that part of rainfall which flow on the surface after abstraction 

the infiltrated part into the soil and retained part on land surface. Runoff 
occurs when the precipitation exceeds the demands of interception, surface 

retained, evaporation, and infiltration [1]. The relationship of rainfall-runoff 

is very complex, influenced by various factors, which affect the runoff from 
a drainage basin depend upon the following characteristics Storm 

characteristics, Meteorological characteristics, Basin characteristics, Storage 

characteristics [2, 3]. 

Many models are employed to predict the excess rainfall for river basins. 
The Soil Conservation Service curve number technique (SCS-CN), is a 

multilateral and a simple vastly used procedure for runoff prediction and 

efficient technique for finding the sacrificial amount of runoff from a rainfall 
for basins [4]. The SCS-CN mmodel is widely utilized for estimating the 

depth and volume of excess rainfall for a specific rainfall and assessing the 

peak flowrates of runoff volume and peak flow for ungauged basins [5]. 

This method has developed and has been adopted for civilian and 
forested basins [6].The main requirements for method represented by amount 

of precipitation and CN. The curve number is based hydrologic soil group 

HSG of the area's, land use, land cover and antecedent soil moisture content 
[4].  

There are many studies around the world that related determination of 

excess rainfall using SCS-CN method. Hong and Adler (2008) [7] promoted 
a global SCS-CN runoff map utilizing land cover, soils and anterior t 

moisture conditions. Al-Jabari ,el.at .(2009) [4] used SCS method and GIS 

environmental to determine the excess raifall from Wadi Su’d ba ,thine 

results showed  that the volume of runoff  which calculated by SCS-CN 
method equal to 7.3% of the total annual rainfall. Ahmad, et, al. (2015) [8] 

Mullaei (2002) [9] and Nasiri and Alipur (2014) [10] applied the GIS 

technique in addition of  SCS-CN method for excess rainfall calculation. 
They were concluded that the GIS technique with SCS-CN can be valuably 

utilized to predict the excess rainfall for the river basin. Topno, et al (2015) 

[11] and Pradhan et.al (2010) [12] estimated the weighted CN based on 
anterior soil moisture content with combonation of HSG and land use/ land 

cover classes. These studies exposes that the SCS-CN method can be utilized 

to predict excess rainfall depth when adequate hydrological data is not 

available.  
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Nayak and Jaiswal (2003) [13] proved there are a valuable correlation 

between the invistigated and  predicted excess rainfall depth by employing 

GIS  and  CN method. Also, they were proved that GIS is an efficacious 
appliance for the  determine of most of the input data wished for the SCS-CN 

model. 

This study aims to estimates the monthly runoff for Badra and Tersikh 
basins located in east of Wasit governorate, Iraq employing SCS-CN model 

and GIS techinque. To the best of knowledge, there is no research conducted 

on this area to estimate runoff.  
 

2 Study Areas 
 
The case study included two basins, Badra basin and Tersikh basin, 

which located in Badra district at east of Wassit province near border of 

Iraq– Iran. Area of these basins divided into apart , first part lies in Iraq and 
second part lies in Iran and it  protracts between latitudes 33.844 N  and 

32.69 N, and longitudes 45.64 E  and 46.705 E. 

The space area of Badra basin equal to 3671km
2
, and area of Tersikh 

basin is 2917km
2
. The watershed included a mountains and hills. The 

elevations in the watersheds range from (10) m to (2700) m above msl. For 

the twenty years ago, the mean annual rainfall for two basins is nearly 

236.9mm and 206.8 mm at Khanaqin and Badra stations respectively and 377 
mm at Ilam station (Iran) [14].Most of these rainfalls are falling from Nov. to 

Apr., and the main land cover-land use classes in the basin is bare surface 

area.  The watersheds consider the one of the important watersheds because it 

is represent the flood hazard of east Wasit governorate area. 

 

3 Methodology 
 

GIS, remote sensing and SCS- model were used to estimate the curve 

number (CN) and surface runoff for these basins. Satellite images, soil 
classification map and land cover- land use map were employed to analysis 

the required parameters..     

 

3.1 SCS-CN Method 
 

     Rainfall abstractions determined according  Soil Conservation Service 

method (SCS) [15]. Naturally, the of excess rainfall depth Pe is always equal 
to or less than the rainfall depth P. The further depth of water holded in the 

watershed, Fa , is less than or equal to some porababile  maximum retention 

S . Potential maximum retention represents the maximum rainfall which lost, 
mainly due to infiltration. There is premier abstraction (such interception, 

depression storage, and infiltration before the begining of runoff) of rainfall 

Ia for which no excess rainfall will occur, so the probabile excess rainfall is  
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P-Ia. The SCS method supposed that the proportion of the two actual to the 

two probabile quantities are equaled [16].  

                                                                                                        (1)

according continuity equation:  

                                                                                    (2) 
Combining Eq. (1) and (2) to solve for Pe   

                                                                                         (3) 

Equation 3 represents the requiste equation for estimating the depth of 
excess rainfall from a rainfall by the SCS method. Initial abstraction 

estimated using an empirical relation of equation 4 [17]. 

Ia= 0.2 S                                                                                                  (4) 
 Then equation 3 can be written as:   

                                                                                      (5) 

Runoff from the storm rainfall can be estimated using equation 5. 

Retention parameter S have spatially change due to variation in soils, land 

use, and surface slope as well as tentatively change due to variation of  
moisture saturation of soil and it is expressed mathematically as: 

                                                                             (6) 

Where, CN is the curve number for the specified time period.  

 

3.2 Curve Number  
 

The CN method was originally developed by the Soil Conservation 

Service [18], for conditions prevailing in the United States. The CN is a 

dimensionless parameter elucidate the excess rainfall response characteristic 
of a watershed. This parameter is associated to land use-land cover, 

hydrological condition, HSG, and anterior soil moisture condition in the soil 

of watershed. CN magnitudes varied from 1 to 100. High value of CN refers 

to high surface runoff. In the present research the curve number estimated 
according to land use, soil type and Anterior Moisture Condition.   

 

3.3 Hydrologic Soil Group (HSG) 
 

 According to “Natural Resource Conservation Service NRCS” 

classification, the soil are categorized into four Hydrologic Soil Groups 
(HSG) depending on the soil's runoff potential (see Table 1). FAO-UNESCO 

Soil Map, at 1:500,000 scales, was used to determine the hydrological group 

and type of soil. The soil map was scanned. Using of Arc GIS software, a 

georeferenced has been done with respect to the location of two basins to 
produce map of vector data layer of soil.   
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FAO/ UNESCO soil map is based to the maximum extent possible on 

factual information derived from actual surveys [19, 20, 21].Soil information 

for two basins gained is used for creating appropriate hydrological soil 
group. 

 

3.4 Land Use-Land Cover    
    

Land use refers to the soil surface conditions in a watershed and is 

concerning to the degree of cover. Land use is considered an effective factor 
of the excess rainfall process which influences on the infiltration and erosion 

[22].  In the this study the Land use and Land cover of the two basins was 

classified employ the satellite image of (GlobGover-2009). 

 

3.5 Anterior Moisture Condition (AMC)  
  

AMC refers to the soil moisture content at the starting of the rainfall 
storm event. The final CN value is influenced by initial soil moisture content 

in the watershed prior runoff flowing. SCS-CN method classify the soil 

moisture condition to three Anterior Moisture Condition categories which are 

AMC I, AMC II & AMC III as given in Table 2 [2].  
The classification of AMC depends on rainfall quantity of previous (5 

days) and season (dormant season and growing season). 

 
Table 1: SCS Hydrological Soil Groups [18]. 

 
 

Table 2: Anterior Moisture Condition for calculation of curve number 
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Equation (5) calculates CN for AMCII. AMC is an indicator of of soil 

water content before to a rainfall event. Three classes of AMC are used- 

AMC I for dry, AMC II for normal, and AMC III for wet conditions. The CN 
(II) values documented for the case of AMC-II [23]. To adjust the CN for the 

cases of AMC-I and AMC-III, the following equations are used [24]. 

                                                                            (7) 

                                                                            (8) 

 

4 Results and Discussion 
 
4.1 Delineation of Watershed  

      

Watershed for these areas was extracted by using hydrology analysis in 

arc-GIS. Digital elevation model (DEM) with resolution (30*30) m obtained 
from Shuttle Radar Topographic Mission (STRM), was used for delineation 

of watershed and network of streams in hydrological analyses for case study 

as shown in Figure 1. Watersheds delineation and stream network for Badra 

and Tersikh basins were defined using the output of flow accumulation grid 
.This streams network were analyzed to determine the stream order as shown 

in Figure 2.  

 
Figure 1: Digital elevation model DEM for; a) Badra basin, b) Tersikh basin. 

 
Figure 2: Stream network for a) Badra basin, b) for Badra basin 
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4.2 Hydrological Soil Group (HSG) 
      

arc-GIS was used to determine the soil group, analysis of FAO-
UNESCO Soil Map were displayed that soil is clay loam, clay and loam for 

whole area of two watersheds  and it classified according group (D) .Then, 

the soil of Badra and Tersikh basins are high runoff potential. Figure 3 shows 

the soil type for two basins. Table 3 show the soil types for basins depending 
on soil map symbols. 

 
Figure 3: Soil classification, a) Badra basin, b) Tersikh basin. 

Table 3: Soil symbols description 

 
   

4.3 Land cover / Land use 
     

Arc-GIS was utilized to classify the land cover. The satellite image 

(GlobGover-2009) shows that Badra and Tersikh basins covering with multi 
type of land cover and land use categories. The results demonstrates that bare 

covering was the most prevalent land use with 64.70% and 65.74%  of total 

area for Badra and Tersikh basins respectively as shown in Figure 4. The 
percentage area of each category of land use was presented in Table 4.  
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4.4 Rainfall –Runoff Relation 
 
4.4.1 Rainfall Data 

 

Designed Monthly rainfall storm data of three climate stations located 

in/around Badra and Tersikh basins were obtained from Iraqi Meteorological 
Office and Iranian climate stations for the year 1994 to 2016 of Badra, 

Khanaqin and Ilam. Thiessen  polygon  produced  for  two basins (see Figure 

5), Badra basin showed that Ilam and Badra have weightages 70 % and  30 % 
respectively as per  the  spatial coverage and for Tersikh basin showed that 

Ilam , Badra and Khanaqin have weightages 7.8% , 49.4% and 42.8%  

respectively as per  the  spatial coverage as shown in Figure 6.  Average 

monthly of rainfall for these basins was obtained as shown in Figures 6 and 7 
for Badra and Tersikh respectively. Also, the mean annual rainfall during 

period (1994-2016) for Ilam,  

 
Figure 4: a) Land use of Badra basin, b) Land use of Tersikh basin 

 
Table 4: Percentage area of land use for Badra and Tersikh basins 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

I Type of Land Use  Symbols  Badra Basin Tersikh Basin 

Landuse % Land use % 

     

1  Cultivated land  1 0.20 0.16 

2 Wood and forest land  2 7.03 7.73 

3 Herbaceous -grass-weeds 5 0.02 0.004 

4 Pasture ,grassland 6 2.08 2.04 

5 Bare soil 8 64.70 65.74 

6 Open space 11 25.97 24.33 
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Badra and Khanaqin rain gauges were 377.41 mm, 206.85 mm and 236.9 

mm respectively. Table 5 presented statically analysis was used to 

description the annual rainfall data of Badra and Tersikh basins. It can be 
notice that the median values of rainfall for two basins are higher than the 

mean annual rainfall. In addition, the high differences between the values of 

mean and the values of standard deviation of annual rainfall indicated to high 
variability of rainfall during the analysis period. Skewness and kurtosis 

parameters demonstrate the normal distribution of the rainfall data. Skewness 

is data symmetry indication whilethe kurtosis is a measure of data flatness 
relative to normal distribution. If the values of these two parameters 

approach to zero, the rainfall data follow normal distribution. Then, The 

negative value of skewness for Badra basin refer  that the annual rainfall 

skewed to left while the positive value of skewness for Tersikh refer that the 
annual rainfall skewed to right. 

From the analysis of mean monthly rainfall distribution shown in Figures 

6 and 7, it was observed that the total annual rainfall in these basins were 
distributed through start and end of water year (see Figures 8 and 9. From the 

Statistical analysis of annual rainfall as shown in Table 5, it was observed 

that the average annual rainfall in the Badra and Tersikh basins were 325 and 

233 mm respectively these basins classified as semi-rainfall area. Coefficient 
of variance of annual rainfall was 0.24 and 0.27 for Badra and Tersikh basins 

respectively. 

 

 
Figure 5: Thiessen polygon created for Badra and Tersikh basins 
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Figure 6: Mean monthly rainfall of Badra basin  

 

 
Figure 7: Mean monthly rainfall of Tersikh basin 

 

Table 5: Statistical analysis of annual rainfall of basins 

Basin Mea

n 

Max. Min. Standard 

deviation 

Median Skewnes

s 

Kurtosi

s 

Coefficient 

of 

variation 

Badra 

Tersik

h 

325 

233 

475 

410.3 

198.6 

140 

78.1 

63.1 

326.7 

236.5 

-0.05 

0.8 

-0.8 

1.6 

0.24 

0.27 

 

 
Figure 8: Annual rainfall of Badra basin 
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Figure 9: Annual rainfall of Tersikh basin 

 
4.4.2 Calculation of Curve Number  
 

Curve Number (CN) was obtained for two basins employing the GIS 
environmental. Supposedly former moisture condition class II, CN value for 

each polygon was determined.Table 6 show the CN values of each 

hydrologic soil group and land use class for two basins. Hydrologic soil 

groups D show a high runoff potential. Depending on land use and HSG 
gathering, the lowest CN value was equal to be 81 in cultivated land and the 

highest CN value was equal to be 94 in bare land. High CN land mean a very 

low vegetation cover density, clay loam and stony surface with high soil 
compaction which produce a low infiltration rate. For normal conditions, 

composite curve number (CN av) using area weighted method for two basins 

were computed and equal are (91.62 and 91.63) for Badra and Tersikh basins 
respectively (see Figure 10).  

 
Table 6: Curve Number and their Respective Land Use of the Study Area 
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Figure 10: a) CN map of Badra basin, b) CN map of Tersikh basin 

 

4.4.3 Estimation of Runoff 
   

GIS and SCS model by applying equations 4 and 5 were used to estimate 
the monthly runoff in the basins for period 1994 to 2016. The result showed 

that maximum annually runoff was 330.5 mm in 1999 for Badra basin and 

271.2 mm in 1994 for Tersikh basin. The results of runoff estimation Using 
SCS method were given in Figures 11, 12 and 13 for Badra basin while 

Figures 14, 15 and 16 for Tersikh basin.Figures 17 and 18 gives the annual 

rainfall- runoff relation for Badra and Tersikh basin respectively. 

A new two regression models were developed to estimate the monthly 
runoff  R for Badra and Tersekh basins depending on monthly rainfall depth 

(P) in mm for rain gauges located around the two basins represented by Ilam 

rain gauge station, P1, Badra rain gauge station, P2 and Khanagin rain gauge 
station, P3  as shown below : 

                                                            (10) 

                                                         (11) 
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Figure 11: Maximum monthly runoff of Badra basin in 1999. 

 

 
Figure 12: Mean monthly runoff of Badra basin for period (1994-2016) 

 

 
Figure 13: Annual runoff of Badra basin 
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Figure 14: Maximum monthly runoff of Tersikh basin in 1994 

 

 
Figure 15: Mean monthly runoff of Tersikh basin for period ( 1994-2016) 

 

 
Figure 16: Annual runoff of Tersikh basin 
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Figure 17: Rainfall-Runoff relation of Badra basin. 

 

 
Figure 18: Rainfall-Runoff relation of Tersikh basin. 

 

5 Conclusions and Recommendations 
   
It can be concluded that GIS based SCS-CN model can be applied 

efficiently to predict the excess rainfall from ungauged basins with high 

accuracy because GIS calculates hydrological groups, anterior moisture, land 

using and hydrologic conditions for each polygon curve number method. 
And also there is a power of gather layers of soil and land use in the GIS 

environment. 

 Recommendations for future studies included extended studies to 
determine the water quality as well as the sediment flowrate for runoff of 

Badra and Tersikh basins. 
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