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Abstract - Runoff is one of the important hydrologic variables used in the water resources management and planning. 

However, quickening of the watershed management program for conservation and development of natural resources 

management has necessitated the runoff information. Subsequently, the monthly watershed averaged rainfall can be 

transformed to monthly watershed runoff using a simple conceptual model or for instance empirical methods such asthe 

rational method or SCS-CN method. The result show that maximum peak runoff rate equal 0.003m3/sec on overall 

catchment using rational method whereas ScS method show that highest runoff discharge at AMCII equal 248.38 mm in 

winter season and have lowest runoff discharge in Autumn season in 58.23mm, linear correlation equation Y=0.5988X-

3.186 between average monthly rainfall and runoff show highly correlation coefficient r2= 0.9. It can be concluded thatthe 

calculated yearly runoff of the peak runoff in mm was 0.0027 m3/sec. Minimum runoff was observed under conditions 

AMC1 (autumn) and maximum runoff was observed under the AMC11 conditions (winter). 
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I. INTRODUCTION 

 

Water is a basis necessity request for sustaining the 

life and development of society. Water is a precious 

gift of nature to the Human. The Important source of 

water is rainfall and for most of the hydrological 

models, rainfall is used as one of the main elements 

to estimate the runoff process. As population is 

increasing day after day so demand of water is 

increase too, and due to industrialization, urban 

development further load on available water is 

increased. So it’s serious issue or need of estimating 

available water for optimum use of water for various 

purposes like domestic and agriculture. Hydrological 

models are important and necessary tools for water 

and environmental resources management. The 

hydrodynamic approach is an alternative way how to 

study the runoff formation. The rainfall–run-off 

relationship was study by Robinson, 1993in terms of 

hydrodynamics as a water transport in a catchment. 

The hydrodynamic approach to the runoff consists on 

the partings of the water submitted by the rain on two 

parts first precipitation into infiltrating water and 

surface runoff, the second part of infiltrating water 

into subsurface flow as explained by (Kutílek and 

Nielsen, 1994).In other hands actual 

evapotranspiration is evaluated by (Pražák et al., 

1994; Tesař et al., 2000 and 2001) as the important 

water requirement for plant cooling and as part of 

water balance equation and to estimate surface runoff. 

(Horton,1933) was refer that mechanisms through 

which rainfall appears as runoff at the hillslope scale 

or at the field scale include infiltration excess 

overland flow, which occurs when rainfall exceeds 

the rate at which the unsaturated soil can absorb 

water(Taylor and Pearce, 1982) and (Li and 

Sivapalan, 2011). There is number of catchment 

specific factors, which have a direct effect on the 

occurrence and volume of runoff. This includes soil 

type, vegetation cover, slope and catchment 

classification. Determination of the runoff value is 

necessary for dams designing, managing reservoir 

and prediction of risks and potential losses caused by 

flooding. Also determining amount of the runoff is 

very important in projects related to sediment and 

erosion processes.SCS-CN provides an empirical 

relationship for estimating initial abstraction and 

runoff as a function of soil type and land-use, where 

the main use of the soil isagricultural. To obtain the 

SCS gives three definitions magnitude for antecedent 

soil moisture content (AMC) by Hjelmfelt (1991). 

Determination of antecedent soil moisture content 

and their classes AMC I, AMC II and AMC III, 

representing dry, average and wet conditions, is an 

essential matter for the application of the SCS curve 

number. Curve Number method (SCS-CN) which is 

one of the most widely used approaches for fast and 

accurate calculation of the watershed surface runoff. 

Highly curve number means high runoff and low 

infiltration; whereas a low curve number means low 

runoff and high infiltration. The curve number is a 

function of land use and hydrologic soil group. 

(Shadeed and Almasri, 2010) show that by using this 

method it can incorporate the land use for 

computation of runoff from rainfall. 

 

The rational method dates to as far back as Mulvaney 

(1850), but Kuichling (1889) presents a more 

comprehensive treatment of the method. The 

modelled rational method is a method to parameterize 

simple runoff hydrographs. The three method 

produces a runoff hydrograph (and volume) while the 

original rational method produces only the peak 

design discharge. The rational method was originally 
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developed for estimating peak discharge for sizing 

drainage structures, such as storm drains and culverts. 

The rational method, which has found widespread use 

in engineering practices since the 1970s, is typically 

used to size detention and retention facilities for 

recurrence interval and allowable outwore rate. The 

rational method was developed (Poertner, 1974) with 

the intent of using the rational method for hydraulic 

structures involving storage on small 

watersheds.Furthermore, the modified rational 

method for estimate the peak runoff rate, it is the 

reasonably well documented environmental inputs as 

soon as a well-established method, widely accepted 

for use .The Modified Rational Method provides a 

way to calculate the hydrograph from a catchment 

based on rational method C values and the peak 

intensity. The peak intensity is maintained for long 

enough duration to reach peak flow at the outlet of 

the catchment. To apply this method it need to 

acceptable with the following conditions 1-Watershed 

area is limited to 200 acres or lessdue to for "small" 

catchment, the "Rational method" gives satisfying 

results,2-The frequency of peak discharge is the same 

as the frequency of the rainfall intensity. 

Rational equation mathematically represent as 

follow:- 

Q = C i A/360 ,where Q is peak rate runoff flow( 

m
3
/h),when using SI units i is intensity in (mm/hr) A 

is the area in (ha) and C is runoff coefficient, 

dimensionless. The time to reach the peak is based on 

the time of concentration in the catchment which the 

user can manually enter or calculate using a variety of 

methods. The intensity and duration are taken from 

the IDF curves based on the (return period) of the 

storm. 

 

II. MATERIALS AND METHODS 

 

Generally there is no way to measure the amount of 

runoff directly since construction has not yet begun, 

but we can use several techniques to estimate how 

much water will become runoff before and after 

construction. 

 

Small watershed near Bazerky village 23 km from 

DuhokcenterGovernorate, north of Iraq, study 

location are at latitude, longitude, altitude as follow 

36
o
49

- 
,43

o
11

-
 and 857.57 m respectively need to 

estimate surface runoff. The study area mostly 

located on steep slopes as average (35%), which are 

mainly utilized by fair pasture with total area (32500 

m
2
), northernaspect. The climate is semi-arid with an 

average annual precipitation of (767.5 mm) and a 

mean monthly temperature is (16C
o
), averagemonthly 

potential.evapotranspiration (ET) is (106.5mm), 

average monthly wind speed, sunshine fraction and 

relative humidity are 1.82 m/s, 0.68 and (45%) 

respectively.The mentioned climate data provided by 

the (FAO) of united Nation (Local climate estimator 

program V.1.0), study location is aboveground show 

in fig.(1).In this paper, we will focus primarily on two 

models the Rational Method which is the simplest 

method to calculate peak runoff rate, and the other 

method which can be used to calculate runoff volume 

by use (SCS) Soil Conservation Serves method it was 

show thatuse more than one method and compare the 

results in some of differences area and topography 

weregiven different results. 

 

 
Fig.(1): Study area (Bazerky watershed, Duhok). 

 

Rational Method: The Rational Method may be used 

to estimate peak rates of runoff to elements of 

enclosed and open channel systems, including inlets, 

when the total upstream watershed area tributary to 

the point of consideration is less than 25 km
2
. All 

modeling requiring a hydrograph should be done 

using natural resources conservation service(NRCS) 

methodology.The Rational Method equation is 

defined as follows: 

Q = KCiA   (1) 

Where: 

Q= Peak rate of runoff to system in m
3
/sec. 

K =Dimensionless coefficient it is equal 0.0028 or 

1/360 in SI unit. 

 

C= Runoff coefficient (C) is a dimensionless 

coefficient relating the amount of runoff to the 

amount of precipitation received. It is a larger value 

for areas with low infiltration and high runoff 

(pavement, steep gradient), and lower for permeable, 

well vegetated areas (forest, flat land) (Horn and 

Schwab, 1963). 

i = Rainfall intensity in mm per hour. 

A = Entire watershed Area (ha). 

 

Estimating of Rainfall-runoff depth or volume 

SCS: 

(Soil conservation service method), Rainfall-runoff 

model is a mathematical model describing the 

rainfall-runoff relations of a catchment area or 

watershed. Rainfall data is uncertain and runoff is one 

of the important hydrologic variables used in the 
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water resources management and planning. If the 

study catchment area is very small, it can be assumed 

that the single rainfall station is equal to rainfall over 

whole catchment, and then you can use any rainfall-

runoff calibrated model to find the monthly stream 

flow, it will use mainly SCS-CN method. 

 

Runoff depth by the SCS runoff equation: 

 (P - 0.2 S) ² 

Q = ----------------    (2) 

 P + 0.8 S 

Where: 

Q= Actual runoff depth mm, 

P= Precipitation in mm, 

S= Retention parameter (mm) accounts for losses of 

water before runoff begins,such as water retained in 

depressions, water intercepted by vegetative and 

water lost to evaporation and infiltration. 

S= 25400 / CN - 254 (Soil conservation service, 

1972). 

Where CN= an arbitrary curve numbervarying from 

(0-100). 

 

Soil characteristic: 

Some soil physical characteristics of the study 

watershed are shown on table (1). 

 

III. RESULTS AND DISCUSSION 

 

In fact there is no directly method to measure the 

amount of runoff since construction has not yet 

began, but we can use several techniques to estimate 

how much water will become runoff before and after 

construction.In this paper, we will focus primarily on 

the “Rational Method” which is the simplest method 

and it has satisfactory results for small catchments 

(area < 25 km
2 
) which can be used to estimate runoff, 

then pply other method to calculate annual runoff 

volume by using “soil conservation serves method” 

(SCS) at the same watershed,which utilization the 

curve number (CN),it was developed in the US for 

small catchmentswhere the main use of the soil 

isagricultural, the method considering the climate 

element effects in current research. 

 

Rational Method 

It is seen conspicuously from equation (1) as show in 

below, the runoff coefficient C for Agricultural 

watershed (Soil group B) having same condition of 

cover and hydrologic, the study watershed (pasture) is 

(0.02) “heavy soil” at (low saturate hydraulic 

conductivity 0.19 cm/hr), converting factor for the 

runoff coefficient group soil B to group D equal 

(1.31)(Horn and Schwab,1963). The new runoff 

coefficient “C” value = 0.02×1.31= 0.026 for study 

watershed soil group D).The runoff coefficient (C) is 

a larger value for areas with lowinfiltration and high 

runoff (pavement, steep gradient), and lower for 

permeable, well vegetated areas (forest, flat land). 

i = Rainfall intensity in mm per hour in case 

unavailable of observation station at the e study site, i 

value was obtained for Duhok Governorate IDF 

Curve (12.5 mm/hr) for recurrence period 10 years 

(Sulaiman,2016). 

 

A = Entire watershed Area =3.25(ha),estimated using 

(Google earth area and distance calculator). 

K is constant to convert the unit to SI =0.0028 

Q = KCiA …………………………… (1) 

Q =0.0028×0.0262×12.5×3.25 

=0.003 m
3
/sec Maximum peak   runoff rate. 

SCS Method: 

The runoff depth (Q) equation (2) is strictly a 

function of the precipitation depth (P) and the Curve 

Number (CN).Fig (2). 

 
Fig. (2): Runoff Curve Number. 

 

CN: Curve Number is an approximate percentage of 

incident rainfall that becomes runoff. The important 

factors effecting CN is the groups of soil (A, B, C and 

D). 

CN=25400/ (S+254); When(S) go to zero then, 

CN=25400/254=100% and all the rainfall become 

runoff. 

In current study analysis watershed ,the soil group is 

mostly consisted of clay (D) group,  as shown  

according  partial soil size analysis ,that mean to 

expected runoff should be high with minimum 

infiltration. It need to choose “D”hydrologic soil 

group for land use or cover pasture at range fair 

condition take CN value equal of (84) for (AMCII) 

Antecedent Moisture Condition, (Horn and Schwab, 

1963),whereas the CN for (AMC I, and III) need 

correct factor, to convert curve number,which are 

0.87 and 1.07 respectively. AMC regarded the second 

factor affecting CN value. AMC can classify as 

follow AMC (I)soils are dry but moisture is above 

welting point AMC (II). Average conditions usually 

precede the occurrence of the maximum annual flood 

and AMC (III) Soil is nearly saturated. 
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QI for AMCI represented runoff water to the months 

of Autumn 9, 10, 11 equal 0.85, 6.63 and 50.75 mm 

respectively. 

QII for AMCII represented runoff water to the 

months of Winter 12, 1, 2 equal 74.03, 71.40 and 

102.95 mm respectively. 

QIII for AMCIII represented runoff water to the 

months of Spring 3, 4, 5 and 6 equal 64.33, 38.88, 

7.15 and 4.25 mm respectively. 

Figure, 3 shown how fluctuation of rainfall - runoff 

curve during seasonal months where maximum rising 

at the both curve in AMCII which gave the larger 

runoff depth (248.38mm). Generally at the study 

condition it was show that at small watershed limb 

rising grows very quickly at winter months (12,1,2) 

and gradually falling down on incipience of spring 

with depth(114.6mm) at month(3,4,5 until the first of 

month June). 

 

 
Fig.(3):Annual monthly rainfall- runoff relation. 

 

 
Fig. (4): Rainfall – Runoff linear relation. 

 

Linear correlation equation was shown in figure, 4 

between average monthly rainfall as independent 

variable and runoff as dependent variablewith highly 

correlation coefficient R
2
= 0.9, as show in following 

equation 

 

y= 0.5988 X where Y=runoff and X =Rainfallat three 

study conditions AMC I, II, III. Also it was illustrated 

that the runoff depth (Q) is strictly a function of the 

precipitation depth (P). 

From table (1) saturated hydraulic conductivity and 

permeability of the study watershed soil  is (0.19 

cm/hr.) it’s shown very low value according to (Soil 

Saturated Hydraulic Conductivity, and Permeability 

Class for Recharge Modelling).  Table, 2 show some 

climatic  element of  study watershed  ,  it’s have the 

vital effect on the rainfall –runoff quantity and 

volume ,whereas rising the rate of mean monthly 

temperature during the summer period at  May to July 

about  (20 to 30 Cº) have negative effect on total 

collection of runoff  volume due to increment of  the 

potential evapotranspiration at same  period from 

(155 to 233 mm) with  moderate condition of mean 

monthly sun shine fraction 68% and mean wind speed 

ranged 1.82 m/sec, this climate elements gave 

manifest conception  that really climate effect 

decrease the entire  rainfall runoff water collection 

and storage in Iraq Kurdistan as the rest country  in 

middle east climate region . Table 3 show QI for 

AMCI represented runoff water to the months of 

Autumn 9,10,11 equal 0.85,6.63 and 50.75 mm 

respectively .QII for AMCII represented runoff water 

to the months of Winter 12, 1, 2 equal 74.03, 71.40 

and 102.95 mm respectively .QIII for AMCIII 

represented runoff water to the months of Spring 

3,4,5 and 6 equal 64.33,38.88,7.15 and 4.25 mm 

respectively. Table 4 was illustrated that in spite of 

seasonal runoff (QI, II, III) were estimated, average 

monthly runoff also was estimated correspond of 

each total of monthly rainfall. 

 

IV. CONCLUSION 

 

We can be concluded from this study, the highest 

monthly rainfall 135.12 mm was recorded on March, 

whereas the lowest monthly rainfall recorded was 

23.03 mm in the month of September and the average 

total annual precipitation recorded was 767.5mm. The 

calculated yearly runoff of the peak runoff in mm was 

0.0027 m
3
/sec. Minimum runoff was observed under 

conditions AMC1 (autumn) and maximum runoff was 

observed under the AMC11 conditions (winter). The 

correlation coefficients for monthly, rainfall– runoff 

were highly correlated as shown 0.9 (Fig. 4). The 

graph for the yearly runoff is best fitted than monthly 

runoff. 
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Table (1): Soil physical characteristic. 

 

 
Table (2): Rainfall –runoff data under three AMC conditions 

 

 
Table (3): Estimation of rainfall- runoff discharge underthree conditions. 
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Table(4): Rainfall –runoff data in three AMC conditions. 

 



 

 

 

 


