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1 Introduction 

Hydrology is broadly defined as the geosciences that describes and predicts the occurrence, circulation, 

and distribution of water of the earth and its atmosphere.  

The study of hydrology helps us to know 

(i) the maximum probable flood that may occur at a given site and its frequency; this is required for 

the safe design of drains and culverts, dams and reservoirs, channels and other flood control 

structures. 

(ii) the water yield from a basin - its occurrence, quantity and frequency, etc; this is necessary for the 

design of dams, municipal water supply, water power, river navigation, etc. 

(iii) the ground water development for which a knowledge of the hydrogeology of the area, i.e., of the 

formation soil, recharge facilities like streams and reservoirs, rainfall pattern, climate, cropping 

pattern, etc. are required. 

(iv) the maximum intensity of storm and its frequency for the design of a drainage project in the area. 

Runoff is that balance of rain water, which flows or runs over the natural ground surface after losses by 

evaporation, interception and infiltration. 

The yield of a catchment is the net quantity of water available for storage, after all losses, for the 

purposes of water resources utilization and planning, like irrigation, water supply, etc. 

Maximum flood discharge is the discharge in times of flooding of the catchment area, i.e., when the 

intensity of rainfall is greatest and the condition of the catchment regarding humidity is also favourable 

for an appreciable runoff. 

The maximum flood that any structure can safely pass is called the ‗design flood’ and is selected after 

consideration of economic and hydrologic factors. 

The design flood is related to the project feature; for example, the spillway design flood may be much 

higher than the flood control reservoir design flood or the design flood adopted for the temporary coffer 

dams 

One of the principal applications of hydrology is the forecasting and predicting of flood peaks and runoff 

volume due to large rainfall event. For the purpose of this manual, hydrology will deal with estimating 

flood magnitudes as the result of rainfall. In the design of hydraulic structure like weir, floods are usually 
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considered in terms of peak runoff or discharge in cubic meters per second (m
3
/s) and hydrographs as 

discharge per time.  

The collection of relevant data, test of the appropriateness of data‘s and analysis of data by applying the 

principles of applied hydrology to obtain the required values are the first and most important task to be 

conducted before the design of any hydraulic and irrigation structure commences. Errors in the estimates 

of peak flood will result in a structure that is either undersized or oversized, which costs than necessary. 

For all hydrologic analysis, the following factors which affect the runoff shall be evaluated and included 

when they will have a significant effect on the final results: 

 Drainage basin characteristics including: size, shape, slope, land use, geology, soil type, surface 

infiltration, and storage 

 Size of watershed: Generally, runoff rates and volumes increase with increasing drainage 

area. 

 Watershed shape: The watershed shape will affect rainfall runoff rates. For example, a 

long, narrow watershed is likely to experience lower runoff rates than a short, wide 

watershed of the same size and other characteristics. 

 Slope: The rate of runoff increases with increasing slope. Furthermore, rates of runoff 

decrease with increasing depression storage and detention storage volumes. 

 Stream channel characteristics including geometry and configuration, natural and artificial 

controls, channel modification, aggradation - degradation, and debris 

 Flood plain characteristics and 

 Meteorological characteristics such as rainfall amounts and type, time rate of rainfall 

(hyetograph) 

 

 

 

 

 

 



                                                                                                                                                       Hydrology  

~ 3 ~ 

 

2 Return period 

Frequency is the number of times a flood of a given magnitude can be expected to occur on average over 

a long period of time. Frequency analysis is the estimation of peak discharges for various recurrence 

intervals. Another way to express frequency is with probability. Probability analysis seeks to define the 

flood flow with a probability of being equaled or exceeded in any year. 

The frequency with which a given flood can be expected to occur is the reciprocal of the probability or 

chance that the flood will be equaled or exceeded in a given year. If a flood has a 20 percent chance of 

being equaled or exceeded each year, over a long period of time, the flood will be equaled or exceeded on 

an average of once every five years. This is called the return period or recurrence interval (RI). Thus, 

the exceedance probability equals 100/RI. 

Design flood frequency is expressed by return period, i.e., the probability (expressed in years) where a 

flood of a target size/magnitude is likely to occur. The probability of occurrence of a flood (having a 

recurrence interval T-yr) in any year, i.e., the probability of exceedance, is 

   
 

 
 

or the percent chance of its occurrence in any one year, i.e., frequency (F) is 

   
 

 
      

& the probability that it will not occur in a given year, i.e., the probability of non-exceedance, P‘ = 1 - P 

While designing a weir, provision must be made for the flood that is likely to occur during the lifetime of 

the structure. However, one can neither choose a very high nor a very low flood magnitude for the design. 

A very high flood never occurs during the lifetime of the structure. If such magnitude it will result in a 

costly structure. On the other hand, if a very low flood magnitude is chosen for the design and exceeded, 

it will result in the failure of the structure, causing much more damage than would have been caused in 

the absence of the structure. Because it is not economically feasible to design a structure for the maximum 

possible runoff from a watershed, the designer must chose a design frequency appropriate for the 

structure. 

The hydrological study guideline of the ministry of water resource of Ethiopia recommend a peak river 

discharge that corresponds to 25 to 50 & 50 to 100 years return period for small & medium scale 

diversion structures respectively (MoWR,2001). 
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3 Time of concentration 

Several common hydrologic methods require an estimation of the time of concentration. The time of 

concentration (Tc) is the time at which the entire watershed begins to contribute to runoff; this is 

calculated as the time taken for runoff to flow from the most hydraulically remote point in the watershed 

to the outlet. Tc influences the peak discharge.  

For the same size watershed, the shorter the Tc, the larger the peak discharge.  

This means that peak discharge has an inverse relationship with Tc 

There may be a number of possible paths to consider in determining the longest travel time. Hence the 

longest flow path which the longest travel time is likely to occur should be indentified and used for Tc. 

The time of concentration can be computed by Kirpich‘s equation which is widely used to estimate Tc: 

   
 

    
(
 

√ 
)
    

 

Where: 

   Tc = Time of concentration (hr) 

    L = Length of the main water course (m) 

    S = slope of the main water course (m/m) 

 

Exercise 1 

Determine the time of concentration for a given watershed having the following data: 

Longest stream length = 798.2 m 

Elevation @ U/S (m) = 3067.50 m 

Elevation @ D/S (m) = 2946.90 m 
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4 Design storm rainfall 

Extreme values of rainfall are of prime interests as inputs to simulation models used to estimate design 

floods. The design flood is then as a basis for the designing hydraulic structures and drainage systems 

such as diversion weirs, dams and cross-drainage structures. 

A design storm is a precipitation pattern defined for use in the design of a hydrologic system. Usually the 

design storm serve as system input, and resulting rates of flow through the system are calculated using the 

rainfall-runoff and flow routing procedure. Their application ranges from the use of point rainfall values 

in the Rational Method and NRCS Method for determining peak flow rates in the design of diversion weir 

and other hydraulic structure to the use of storm hyetograph for spillway design in large reservoir 

projects. 

Point rainfall is the rainfall at a single station occurring at single point in space as opposed to areal rainfall 

which is over a region. The annual maximum rainfall for a given duration is used as input for estimating 

point rainfall. 

 

4.1 Element of statistics for hydrological data 

The following are the sample statistics that are commonly used in fitting distributions for hydrological 

analysis. 

(1) Sample mean 

Sample mean is generally used to represent measures of central tendency. 

 ̅   
∑   
 
   

 
 

Where n is the number of sample size 

(2) Sample standard deviation 

Sample standard deviation is the measure of the spread of the distribution around the central value/mean.  

   √
∑ (    ̅)

  
   

   
 

The square of the sample standard deviation is the variance, s
2
. 

(3) Sample coefficient of variation 

The standard deviation divided by the mean is called the coefficient of variation. It is a dimensionless 

desperation parameter. 
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 ̅
 

  ( )  
 

 ̅
       

(4) Sample Skew coefficient 

Skew measure the symmetry of a distribution. The lack of symmetry of a distribution is called skewness 

or asymmetry. 

The sample skew is given by: 

   
∑ (    ̅)

  
   

   
 

The degree of the skewness of the distribution is usually measured by the ‗coefficient of skewness‘ (Cs) 

and is given by: 

    
  ∑ (    ̅)

  
   

(   ) (   )   
 

(5) Kurtosis 

Kurtosis provides information about the peakdness of the central portion of the distribution & is given by: 

   
   ∑ (    ̅)

  
   

(   ) (   ) (   )   
 

 

4.2 Testing for outliers 

Outliers are data points, which depart significantly from the trend of the remaining data. The retention, 

modification, deletion of these outliers can significantly affect the statistical parameters computed from 

the data, especially for small samples. All procedures for treating outliers ultimately require judgment 

involving both mathematical and hydrologic considerations. 

The procedure followed for detection and treatment of high and low outliers are summarized below: 

 If the station skew is greater than +0.4, test for high outliers are considered first; 

 If the station skew is less than -0.4, tests for low outliers are considered first; 

 Where the station skew is between ±0.4, test for both high and low outlier should be applied 

before eliminating any outliers from the data set.  

The following equation is used to detect high outliers: 

    ̅       
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Where: 

XH = higher outlier threshold in log units 

  ̅ = mean logarithm of system peaks (X‘s) 

S = standard deviation of logarithm X‘s 

KN = K value from table for sample size n (Table 1) 

If logarithms of the peaks are greater than XH in the above equation, then they are considered higher 

outliers.  

 Higher outlier limit value = antilog (XH) = (  )   

The following equation is used to detect low outliers: 

    ̅      

Where XL is low outlier threshold in log units. 

If the logarithms of sample peaks in a sample are less than XL, then they are considered low outliers. 

 Lower outlier limit value = antilog (XL) = (  )   

 

Table 1: Outlier test KN value 

Sample  

Size, n 

KN Sample  

Size, n 

KN Sample  

Size, n 

KN Sample  

Size, n 

KN 

10 2.036 24 2.467 38 2.661 60 2.837 

11 2.088 25 2.486 39 2.671 65 2.866 

12 2.134 26 2.502 40 2.682 70 2.893 

13 2.175 27 2.519 41 2.692 75 2.917 

14 2.213 28 2.534 42 2.700 80 2.940 

15 2.247 29 2.549 43 2.710 85 2.961 

16 2.279 30 2.563 44 2.719 90 2.981 

17 2.309 31 2.577 45 2.727 95 3.000 

18 2.335 32 2.591 46 2.736 100 3.017 

19 2.361 33 2.604 47 2.744 110 3.049 

20 2.385 34 2.616 48 2.753 120 3.078 

21 2.408 35 2.628 49 2.760 130 3.104 

22 2.429 36 2.639 50 2.768 140 3.129 

23 2.448 37 2.650 55 2.804 141 3.131 

Source: Guideline for determining flood flow frequency, US water resource council, 1981 
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4.3 Probability distribution 

Since most hydrologic events are represented by continuous random variables, their density functions 

denote the probability distribution of the magnitudes. Some of the frequently used density functions in 

hydrologic analysis are given below: 

 Normal distribution 

 Lognormal distribution 

 Extreme value distribution 

→ Extreme value type I distribution (Gumbel distribution, 1941) 

→ Extreme value type II distribution (Frechert, 1927) 

→ Extreme value type III distribution (weilbull, 1939) 

 Pearson‘s Type-III distribution 

 Logarithmic Pearson Type-III distribution 

Extreme value type I distribution and Log Pearson Type III distribution which are commonly used for 

used extreme hydrological series are described here in this manual. 

4.3.1 Extreme value type I distribution 

Extreme value type I distribution is applicable to the extreme hydrological events such as the minimum 

daily rainfall, rainfall intensity and flood peak flow. 

Storm rainfalls are most commonly modeled by the Extreme Value Type I distribution (Gumbel Method) 

and drought flows by the Weibull distribution, that is, the EVI II distribution (Ven. Te. Chow, Applied 

Hydrology). 

EVI is expressed using the following equation: 

      ̅       

Where: 

   = the design storm for a certain return period (mm) 

               ̅ = the mean of the observed daily highest rainfall (mm) 

              s = the standard deviation of observed daily highest rainfall (mm) 

                = the frequency factor for a return period, T 
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Where: 

Yn = reduced mean, it is a function of sample size n only 

Sn = reduced standard deviation which is also a function of sample size only 

Value of Yn and sn as a function of sample size is given in Table 2 and 3 

YT is reduced variate given by: 

       {   (  
 

 
)} 

 

Table 2:  Reduced mean, Yn in Gumbel's Extreme Value Distribution 

  

Source: SK Garg: Irrigation engineering and hydraulic structure 
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Table 3: Reduced Standard Deviation Sn in Gumbel's Extreme Value Distribution 

 

Source: SK Garg: Irrigation engineering and hydraulic structure 

 

For EVI, Chow (1953) derives the following expression for a frequency factor for Extreme value Type I 

distribution (Gumbel distribution) (See Ven Te. Chow Applied hydrology): 

     
√ 

 
 {         [  (

 

   
)]} 

4.3.2 Log Pearson Type III distribution 

This distribution is suitable for both the annual non extreme series and the extreme flood frequency 

analysis.  

The recommended technique for fitting a log Pearson Type III distribution to observe the annual peaks is 

to compute the base 10 logarithms of the rainfall at selected probability, P, by the following equation: 

          ̅      

XT = anti log (Log XT) 

Where:  

 XT = design storm for selected return period 

  ̅ = mean logarithm 

S = standard deviation of the logarithm 



                                                                                                                                                       Hydrology  

~ 11 ~ 

 

K = a factor that is a function of the skew coefficient (G) and desired recurrence interval or 

selected probability (Table 4) 

The mean, standard deviation and the skew coefficient of the station data used in Log Pearson Type III 

distribution are computed using the following equation: 

 ̅   
∑      
 
    

 
 

   √
∑ (          ̅)

  
   

   
 

   
  ∑ (          ̅)

  
   

(   ) (   )   
 

Where: 

G = skew coefficient of logarithm 

n = number of items in the data (sample size) 

4.3.3 Probability plotting 

As a check that a probability distribution fits a set of hydrologic data, the data may be plotted on specially 

designed probability paper, or using a plotting scale that linearizes the distribution function. The plotted 

data are then fitted with a straight line for interpolation and extrapolation purposes.  

Plotting position refers to the probability value assigned to each piece of data to be plotted. Numerous 

methods have been proposed for the determination of plotting positions, most of which are empirical. If n 

is the total number of values to be plotted and m is the rank of a value in a list ordered by descending 

magnitude, the exceedance probability of the m
th
 largest value can be found by the following formula: 

California‘s formula (1923):    (     )  
 

 
 

Hazen formula‘s (1930):   (     )  
     

 
 

Weibull’s formula (1939):    (     )  
 

   
 

Chegodayev‘s formula:   (     )  
     

     
 

The probability of occurrence of a flood (having a recurrence interval T-yr) in any year, i.e., the 

probability of exceedance, is 
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          Table 4: K values for Log Pearson Type III distribution 
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Exercise 2 

The maximum daily rainfall of x-meteorological station is shown in the following table.  

Maximum daily highest rainfall for 19 year period of x- meteorological station 

Year 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

RF (mm) 43.1 44.3 44.7 47 49.2 50 50.8 51 58 58.3 

           Year 1982 1983 1984 1985 1986 1987 1988 1989 1990  

RF (mm) 58.5 60 64 66.2 67 82 85.5 95.2 99.8  

       

1 Calculate the mean, standard deviation, coefficient of variation, skew coefficient for the sample data 

2 Test the data for the outlier 

3  Compute the design storm for 50 year return period using the EVI distribution using tabular value of 

Yn and sn 

4  Compute the design storm for 50 year return period using EVI distribution (Gumbel distribution) 

using Chow (1953) frequency factor  

5  Compute the design storm for 50 year return period using the Log Pearson Type III distribution 

6 Plot the sample data using Weibull formula 
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5 Flood estimation method 

5.1 Rainfall-Runoff Models 

Stream flow measurements for determining a flood frequency relationship at or near a site are usually 

unavailable. In such cases, it is an accepted practice to estimate peak runoff rates and hydrographs using 

statistical or empirical methods. 

Because hydrology is not an exact science, different hydrologic flow estimation methods developed for 

determining flood runoff may produce different results for a particular situation. Therefore, the engineer 

should exercise sound engineering judgment to select the proper flow estimation method or methods in 

estimation design flows. 

Many hydrologic methods are available for estimating peak discharge and runoff hydrograph. The 

methods to be used and the circumstances for their use depend on the available data, size of the catchment 

and importance of the project (see Table 5). The engineer must ensure that the selected hydrologic 

method is appropriate for the basin conditions and that sufficient data is available to perform the required 

calculations. If possible the method shall be calibrated to local conditions and tested for accuracy and 

reliability. 

The following are some of most widely used flow estimation methods: 

 Rational Method 

 NRCS Runoff Curve Number Methods (SCS method) 

 Statistical analysis of stream data  

 Regional regression Equation 

Statistical analysis of stream gauge data provides peak discharge estimates using annual peak stream flow 

data. The method is particularly useful where long records of stream gauge data are available at or near to 

and on the same stream as the structure site. The minimum recorded stream gauge record length required 

for statistical analysis is shown in Table 6. 

Regional regression equations provide estimates of peak discharge for watersheds in specific geographic 

regions. They are the most commonly accepted method for establishing peak flows at larger ungauged 

sites (or sites with insufficient data for a statistical derivation of the flood versus frequency relation).  
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Hence in this manual the Rational and NRCS curve number method (SCS method) will be described in 

detail since these method can be used in the area where streamflow data is not availiable which is quite 

often the case in the design of weir for small scale irrigation. 

 

Table 5: Application and limitation of flood estimation methods 

Method Input data 

Recommended 

maximum 

area (km
2
 ) 

Return period of 

flood that could be 

determined (years) 

Rational 

Method 

Catchment area, watercourse length, average 

slope, catchment characteristics, rainfall 

intensity 

< 0.5 2 – 200, PMF 

SCS  Curve 

Number 

Method 

(Graphical peak 

discharge) 

Catchment area, watercourse length,  length to 

catchment centroid (centre),  rainfall, 

vegetation type, soil cover and synthetic 

regional unit  hydrograph 

0.5 to 65 2 – 200, PMF 

Synthetic 

Hydrograph 

Method 

Catchment area, watercourse length, length to 

catchment centroid (centre), rainfall, 

vegetation type and synthetic regional unit 

hydrograph 

0.5 to 5000 2 -200 

Empirical  

Methods 

Catchment area, watercourse length, distance 

to catchment centroid (centre), rainfall 

No limitation 

large areas 
2 – 200, PMF 

Statistical 

Method 
Historical flood peak records 

No limitation, 

large areas 

2 – 200 (depending 

on the record length) 

(Source ERA Drainage manual-2013) 

 

Table 6: Recommended minimum stream gauge recod lenghts 

Design Frequency (Years) Minimum Record Length (Years) 

10 8 

25 10 

50 20 

100 25 

(Source ERA Drainage manual-2013) 
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5.2 Rational Formula 

One of the most commonly used equation for the calculation of peak flow from small areas is the Rational 

formula. It was first introduced in 1889. Although it is often considered simplistic, it is still appropriate 

for estimating peak discharges for small urban and rural watershed in which no significant flood storage 

appears.  

The Rational formula estimates peak rate of runoff at any location in a catchment area as a function of the 

catchment area, runoff coefficient, and mean rainfall intensity for duration equal to the time of 

concentration.  

The Rational formula is expressed as: 

   
 

   
     

Where:  

Q = design peak discharge (m
3
/sec) 

C = runoff coefficient repressenting a ratio of runoff to rainfall  

I = average rainfall intensity for a duration equat to the Tc, for a selected return period (mm/hr) 

A = the watershed area (km
2
) 

Assumption inherent in the Rational formula are as follows: 

 Peak flows occurs when the entire watershed is contributing to the flow. 

 Rainfall intensity is the same over the entire drainage area. 

 Rainfall intensity is uniform over a time duration equal to the time of concentration. 

 Frequency of the computed peak flow is the same as that of the rainfall intensity, i.e., the 10-year 

rainfall intensity is assumed to produce the 10-year peak flow. 

 Coefficient of runoff is the same for all storms of all recurrence probabilities. 

Because of these inherent assumptions, the Rational formula should only be applied to small drainage 

areas
1
.  

                                                      

 

1
 Different reference suggest different area limit while using the Rational method. The ERA drainage manual of 

2001 & 2013 recommend 0.5 km
2
 as a maximum catchment area. Hydraulic design and urban drainage manual of 

US department of transportation limit the area of 0.5 to 0.8 km
2
 respectively. IDD design manual of ministry of 

agriculture of Ethiopia recommend that the Ration method can be used for area less than 5 km
2
. 
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The following variables/data are required for estimating the peak flow using Ration method: 

1. Watershed area 

The first step in applying the Rational Method is to obtain a good topographic map and define the 

boundaries of the catchment area in question. A field inspection of the area should also be made to 

determine if the natural drainage divides have been altered. 

2. Time of concentration 

The time of concentration (Tc) is used in the Rational Method to determine the critical rainfall duration, 

which can then be combined with an appropriate rainfall intensity duration frequency (IDF) relation to 

establish the required design rainfall intensity. The duration of rainfall is then set equal to the time of 

concentration and is used to estimate the design average rainfall intensity (I) in Rational formula. 

3. Runoff coefficient 

The runoff coefficient (C) is a function of ground cover & host of other hydrological abstraction. It relates 

the estimated peak discharge to a theoretical maximum of 100% runoff. It is the variable of the Rational 

Method least susceptible to precise determination and requires judgment and understanding on the part of 

the designer. A typical coefficient represents the integrated effects of many drainage basin parameters.  

Table 7 gives the recommended runoff coefficient (C) for pervious surfaces by selected hydrologic soil 

groupings and slope ranges. From this table the C values for non-urban areas such as forest land, 

agricultural land, and open space can be determined. As an alternative, the C value based on series of 

aspects for rural watershed only is shown in Table 8. 

 

Table 7: Recommended runoff coefficient C for pervious surfaces by HSG and slope ranges 

Terrain Type 
Soil Type 

A B C D 

Flat, <2% 0.04-0.09 0.07-0.12 0.11-0.16 0.15-0.20 

Rolling, 2-6% 0.09-0.14 0.12-0.17 0.16-0.21 0.20-0.25 

Mountain, 6-15% 0.13-0.18 0.18-0.24 0.23-0.31 0.28-0.38 

Escarpment, >15% 0.18-0.22 0.24-0.30 0.30-0.40 0.38-0.48 

 
Where the watershed comprises more than one characteristic, the C values for each area segment is 

estimated individually and then a weighted C value is calculated using the following equation: 
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Where: 

C = weighted (composite) runoff coefficient 

C1, C2, C3,…Cn = runoff coefficients applicable to areas A1, A2, A3 … An 

n = number of different type of area within watershed 

At = total area = A1+A2+A3+…An 

 

Table 8: Recommended Runoff Coefficient C for rural catchment 

Factor  Description Runoff coefficient 

Cs Average slope of catchment  

< 3.5% Flat 0.05 

3.5% - 10% Soft to moderate 0.1 

10% - 25% Rolling 0.15 

25% - 45% Hilly 0.2 

> 45% Mountainous 0.25 

Cp Permeability of soil 

Well drained soil e.g. sand and gravel 0.05 

Fair drained soil e.g. sand and gravel with 

fines 

0.1 

Poorly drained soil e.g. silt 0.15 

Impervious soil e.g. clay, organic silts and 

clay 

0.25 

Water-logged black cotton soil 0.5 

Rock 0.4 

Cv Vegetation 

Dense forest/thick bush 0.05 

Sparse forest/dense grass 0.1 

Grassland/scrub 0.15 

Cultivation 0.2 

Space grassland 0.25 

Barren 0.3 

 C = Cs + Cp + Cv 

 

 

4. Frequency factor, Cf 

The coefficients given in Tables 7 & 8 are applicable for storms of 5-yr to 10-yr frequencies. Less 

frequent, higher intensity storms will require modification of the coefficient because infiltration and other 

losses have a proportionally smaller effect on runoff. The adjustment of the Rational method for use with 
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major storms can be made by multiplying the right side of the Rational formula by a frequency factor Cf 

and the Rational formula becomes: 

   
 

   
       

The frequency factor Cf values are listed in the Table 9. 

 

Table 9: Frequency Factors for Rational Formula 

Recurrence Interval (years) Cf 

5 1.0 

10 1.0 

25 1.1 

50 1.2 

100 1.25 

 

 

5. Hydrological Soil Groups for Ethiopia 

Soil properties influence the relationship between runoff and rainfall since soils have differing rates of 

infiltration. Permeability and infiltration are the principal data required to classify soils into Hydrologic 

Soils Groups (HSG). Based on infiltration rates, the Soil Conservation Service (SCS) has divided soils 

into four hydrologic soil groups as follows: 

Group A: Sand, loamy sand or sandy loam. Soils having a low runoff potential due to high infiltration 

rates. These soils primarily consist of deep, well-drained sands and gravels. 

Group B: Silt loam, or loam. Soils having a moderately low runoff potential due to moderate infiltration 

rates. These soils primarily consist of moderately deep to deep, moderately well to well drained soils with 

moderately fine to moderately coarse textures. 

Group C: Sandy clay loam. Soils having a moderately high runoff potential due to slow infiltration rates. 

These soils primarily consist of soils in which a layer exists near the surface that impedes the downward 

movement of water or soils with moderately fine to fine texture. 

Group D: Clay loam, silty clay loam, sandy clay, silty clay or clay. Soils having a high runoff potential 

due to very slow infiltration rates. These soils primarily consist of clays with high swelling potential, soils 

with permanently-high water tables, soils with a clay pan or clay layer at or near the surface, and shallow 

soils over nearly impervious parent material. 
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6. Rainfall intensity 

The rainfall intensity (I) is the average rainfall rate in mm/hr for duration equal to the time of 

concentration for a selected return period. Once a particular return period has been selected for design and 

a time of concentration calculated for the catchment area, the rainfall intensity can be determined from 

Rainfall-Intensity-Duration curves. Rainfall-Intensity-Duration curves and Rainfall region for use in 

Ethiopia are given in Annex 1 to 12. These curves are prepared by ERA as part of ERA drainage manual 

2013. 

For drainage areas in Ethiopia, you may compute the rainfall intensity at any required time using the 24 hr 

rainfall depth, which is known as a rainfall intensity-duration-frequency (IDF) relationship. 

     
 (     )

  

  (   ) 
 

Where: 

RRt = Rainfall depth Ratio Rt: R24 

Rt = Rainfall depth in a given duration‘t‘ 

R24 = 24 hr rainfall depth 

b and n = coefficients b = 0.3 and n = (0.78-1.09). 

Steps to peak flood estimation using the Rational method 

The following procedure outlines the rational method for estimating peak discharge: 

 Determine the watershed area in km
2
. 

 Determine the time of concentration, with consideration for future characteristics of the 

watershed. 

 Assure consistency with the assumptions and limitations for application of the Rational Method. 

 Determine the rainfall IDF coefficients. Extract the Rainfall Intensity-Duration Frequency 

Coefficients b, and n values from the list in Hydrology according to the locality in Ethiopia and 

the design frequency. 

 Use the Rainfall-Intensity duration relation equation to calculate the rainfall intensity in mm/hr or 

use developed IDF curves attached in the annex. 

 Select or develop appropriate runoff coefficients for the watershed. Where the watershed 

comprises more than one characteristic, you must estimate C values for each area segment 

individually. You may then estimate a weighted C value; and 

 Calculate the peak discharge for the watershed for the desired frequency using the equation. 
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Exercise 3  

Determine the rainfall intensity and peak runoff produced by a watershed near to Debre Tabor by 

Rational method. 

Size of the catchment = 5 km
2
 

Time of concentration = 0.445 hr 

Runoff coefficient = 0.15  

Use ERA 2013 IDF curve 

 

5.3 NRCS Curve Number Methods (SCS) method 

This method was developed by the U.S. Department of Agriculture and Natural Resources Conservation 

Service (NRCS). The department has adopted two specific runoff determination techniques developed by 

the U.S. Department of Agriculture and Natural Resources Conservation, formerly known as the Soil 

Conservation Service (SCS): 

 Graphical peak discharge (TR 55) procedure 

 NRCS dimensionless unit hydrograph. 

The NRCS peak flow method calculates peak flow as a function of drainage basin area, potential 

watershed storage, and the time of concentration. 

NRCS Runoff Curve Number Aspects 

The techniques require basic data similar to that used in the Rational Method. However, the NRCS 

approach is more sophisticated in that it considers the following: 

 time distribution of rainfall 

 initial rainfall losses to interception and depression storage 

 an infiltration rate that decreases during the course of a storm. 

NRCS methods produce the direct runoff for a storm by subtracting infiltration and other losses from the 

total rainfall using a method sometimes termed the Runoff Curve Number Method. 

The primary input variables for the NRCS methods are as follows: 

 drainage area size (A) in square kilometers 

 time of concentration (Tc) in hours 

 weighted runoff curve number (RCN) 

 rainfall distribution (NRCS Type II) 
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 total design rainfall (P) in millimeters 

Variables/data required for estimating the runoff by using the NRCS method are described below: 

1. Catchment Area 

A catchment area is determined from topographic maps; DEM data‘s and field surveys. For large 

catchment areas it might be necessary to divide the area into sub-catchment areas to account for major 

land use changes, obtain analysis results at different points within the catchment area. 

2. Rainfall 

The SCS method is based on a 24-hour storm event. The characteristics of storms are defined in terms of 

the relationship between the percentages of the total storm rainfall that has fallen as a function of time. 

Three basic types of storm (Type I, II & III) are defined for three levels of maximum intensity. Type I 

being the least intense and Type III being the most intense. In Ethiopia a Type II distribution is used. 

3. Rainfall-Runoff Equation 

The rainfall-runoff relationship developed by SCS separates total rainfall into direct runoff, retention, and 

initial abstraction to yield the following equation for rainfall runoff: 

  
(    )

 

(    )   
 

Where: 

           Q = accumulated direct runoff, mm 

           P = accumulated rainfall (potential maximum runoff), mm 

           Ia = initial abstraction including surface storage, interception, and infiltration prior to runoff, mm.  

           S = potential maximum retention, mm 

Initial abstraction is the amount of storage that must be satisfied before the event flow begins while 

potential maximum storage is the amount of rain that falls after the initial abstraction is satisfied, but 

which does not contribute to event flow. 

The relationship between Ia and S was developed from experimental catchment area data. It removes the 

necessity for estimating Ia for common usage. The empirical relationship used in the SCS runoff equation: 

         

Substituting 0.2S for Ia in the foregoing equations, the SCS rainfall-runoff equation becomes: 

   
(       ) 

(       )
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S is related to the soil type, land cover, and the antecedent moisture condition of the basin. These are 

represented by runoff curve number, which is used to estimate S with the following equation: 

     (
   

  
  ) 

4. Hydrologic Soil groups 

Soil properties influence the relationship between rainfall and runoff by affecting the rate of infiltration. 

The SCS has divided soils into four hydrologic soil groups based on infiltration rates (Groups A, B, C, 

and D). These groups are described in the previous section. 

5. Runoff Curve Number 

The SCS uses a combination of soil conditions and land-use (ground cover) to assign a runoff factor to an 

area. These runoff factors, called runoff curve numbers (CN), indicate the potential of an area. CN has a 

range of 0 to 100. The higher the CN, the higher is the runoff potential. 

Curve Number for different land uses are given in Annex 13 and 14. 

6. Antecedent soil moisture condition 

Antecedent soil moisture is an indicator of watershed wetness and availability of soil storage prior to a 

storm. It can have a significant effect on both runoff volume and runoff rate. Recognizing its significance, 

the SCS developed a guide for adjusting CN according to antecedent moisture condition (AMC) 

determined by the total rainfall in the 5-day period preceding a storm. Three levels of AMC are used: 

(i) AMC-I for dry, 

(ii) AMC-II for normal, and  

(iii) AMC-III for wet conditions.  

The CN tables in Annex 13 & 14 are based on an average antecedent moisture condition, i.e., soils that 

are neither very wet nor very dry when the design storm begins. Curve numbers shall be selected only 

after a field inspection of the catchment area and a review of cover type and soil maps. Conversion factors 

to convert average curve numbers to wet and dry curve numbers is presented in Annex 15. Annex 16 

gives seasonal rainfall limits for these three antecedent conditions. 

7. Time of concentration 

Time of concentration is described in the previous section (section 3) 
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5.3.1 Graphical Peak discharge Methods (TR55) 

The following equation is used for the estimation of peak discharge by Graphical peak discharge method: 

          

Where: 

Qp = peak discharge, m
3
/s 

qu = unit peak discharge, m
3
/s/km

2
/mm 

A = drainage area, km
2
 

Q = Depth of runoff, mm 

The unit peak discharge is obtained from the following equation, which requires the time of concentration 

(Tc) in hours and the initial abstraction rainfall (Ia/p) ratio as input: 

      
             (     )

 
 

  Where: 

C0, C1 & C2 = regression coefficient given in Table 10 for various Ia/P ratio & distribution type II 

a = unit conversion factor equal to 0.000431 in SI unit 

Tc = time of concentration (hours) 

Table 10: Coefficients for SCS Peak Discharge Method 

Rainfall Type Ia/P Co C1 C2 

II 

0.1 2.55323 -0.6151 -0.1640 

0.3 2.46532 -0.6226 -0.1166 

0.35 2.41896 -0.6159 -0.0882 

0.4 2.36409 -0.5986 -0.0562 

0.45 2.29238 -0.5701 -0.0228 

0.5 2.20282 -0.5160 -0.0126 

 

This method has a number of limitations which can have an impact on the accuracy of estimated peak 

flows: 

 Basin should have fairly homogeneous CN values 

 CN should be 40 or greater 

 Tc should be between 0.1 and 10 hr 

 Ia/P should be between 0.1 and 0.5 
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Steps to peak flow Estimation using SCS (graphical peak flow) method 

The following procedure outlines the SCS method for estimating peak discharge. 

 Determine the watershed area in km
2
 

 Determine the time of concentration 

 Determine the soil type, soil group, and land use and curve number of the watershed area; 

determine the hydrologic region, check the AMC and convert the CN value if required to wet or 

dry condition 

 Determine the 24hr rainfall depth and calculate the Ia/p ratio 

 Calculate the unit peak flood, qu  

 Calculate the peak discharge, Qp  

 

Exercise 4 

Using the SCS method, compute the runoff Q for an event of 130 mm in a 3.4 hr for antecedent condition 

of II on a 3.2 km
2
 watershed on a mainstream length of 1.35 km, a main channel slope of 0.08, and the 

following land cover characteristics: 

Land cover Hydrologic soil group & condition Area (km
2
) 

Wood grass combination  B/good 1.856 

Wood grass combination  C/good 0.384 

Meadow B 0.96 

 

Exercise 5 

Compute the peak discharge by Graphical SCS method using the data from exercise 4. 

 

5.3.2 Synthetics Unit hydrograph by SCS Method 

The Soil Conservation Service (SCS) dimensionless unit hydrograph procedure is one of the most well 

known methods for deriving synthetic unit hydrographs in use today. It employs the Runoff curve number 

and dimension unit hydrograph from complex watershed especially for larger areas and watershed 

conditions which cannot be considered homogeneous. 

A unit hydrograph is the hydrograph resulting from one mm/inch of direct runoff generated uniformly 

over the watershed at a uniform rate during a specified period of time. The assumptions involved in the 

unit hydrograph concept are: 

(1) Rainfall intensity is constant during the storm period. 
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(2) Rainfall is uniformly distributed throughout the entire watershed. 

(3) The time base for the runoff hydrograph of a watershed is constant for storms of the same 

duration. 

(4) The ordinates of unit hydrograph are directly proportional to volume of direct runoff. 

The principles of linearity, proportionality, and superposition make the unit hydrograph method a very 

flexible tool in developing runoff hydrographs for ungauged watersheds. A unit hydrograph of a 

watershed can be derived by analyzing actual rainfall-runoff data (Linsley, 1975). When these data are 

not available, a synthetic unit hydrograph technique is normally employed. 

Victor Mockus developed the SCS synthetic unit hydrograph method for determining runoff hydrograph 

for ungauged watersheds. Unit hydrographs were derived from observed rainfall-runoff data of natural 

watersheds with different sizes and geographic locations. The derived unit hydrographs were then made 

dimensionless and averaged to obtain a standard dimensionless unit hydrograph (DUH) as shown in 

Figure 1. The area under the rising limb is 37.5% of the total area under the DUH. The time base (TB ) is 

5 Tp and the inflection point on the falling limb occurs at 1.7 Tp.  

The curvilinear DUH in Figure 1 can be approximated by a triangular DUH having the same percent of 

runoff volume on the rising side of the triangle.  

The triangular hydrograph is a practical representation of excess runoff with one rise, one peak, and one 

recession. Its geometric makeup can be easily described mathematically, which makes it very useful in 

the processes of estimating discharge rates. 

 

            Figure 1: SCS Dimensionless Curvilinear and Triangular Unit Hydrographs (SCS, 1972) 

 

NRCS developed the following equation to estimate the peak rate of discharge for an increment of runoff. 
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Using the geometry of triangles, the area under the unit hydrograph is estimated by: 

    
         

  
 

Where: 

qp = peak runoff (m
3
/s/mm) 

A = Area of the catchment (km
2
) 

Tp = Time to peak (hr) 

Q = Direct runoff (mm) 

Figure 1 shows that: 

       
 

 
                                        

Where: 

Tp = Time to peak (hr) 

TL = watershed time lag (hr) 

D = duration of excess rainfall (hr) 

The lag (TL) of a watershed is defined as the time from the center mass of unit excess rainfall (D) to the 

time to peak (Tp) of a unit hydrograph. The average relationship of TL to TC is (SCS, 1972): 

         

Substituting the above equation in the foregoing equation yields: 

   
 

 
       

Using the relationships defined for curvilinear DUH (Figure 1), it can be shown that: 

           

But the Hydrology Study Guideline of the Ministry of water resources, (MoWR, 2001) recommend the 

following relationship for the duration of excess rainfall: 

   
  
 
            

                   

The Time of base of hydrograph is estimated using the following equation: 

          

Tc is defined as the time for runoff to travel from the hydraulically most distant point in the drainage 

basin to the outlet or point of interest; it is also defined as the distance between the end of excess rainfall 

and the inflection point in the recession limb of the dimensionless curvilinear unit hydrograph 
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If the slope of the river course is not uniform in all reach of the river, the longest water course would 

divide into different segment and the time of concentration of the longest watercourse could be found by 

summing the individual time of concentration for each segment. 

    ∑              

 

    

 

Unit Hydrograph from Complex Storms 

Unit hydrographs from complex storms, involving varying intensities of rain can be obtained by 

considering the complex storm as successive unit storms of different intensities and the runoff hydrograph 

(due to complex storm) as the result of superposition of the successive storm hydrographs. 

The ordinates of each storm hydrograph are obtained as ‗the storm intensity times the corresponding 

ordinate of the unit hydrograph‘. The unit hydrograph ordinates u1, u2, ... are thus obtained by writing a 

series of equations for each of the ordinates Q1, Q2, .... of the runoff hydrograph (due to complex storm) 

and successively solving them.  

Q1 = xu1 ∴  u1 = ?;  Q2 = xu2 + yu1 ∴  u2 = ? Q3 = xu3 + yu2 + zu1 ∴  u3 = ? & and so on. 

 

            Figure 2: Derivation of unit hydrograph from multi-period storms 

The step by step procedure for the estimation of the peak flood by complex hydrograph is presented in the 

table below. 
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Step Designation/Formula Symbol Unit Value 

1 Area of catchment (from 1:50,000 scale topographical 

maps or DEM‘s) 

A km
2
 

70.3 

2 Length of main watercourse from watershed divide to 

proposed diversion or storage site ( from topographical 

map or can be extracted from watershed analysis of 

DEM  in GIS environment) 

L m 

19000 

3 Elevation of watershed divide opposite to the main 

water course (topographical map/DEM) 

H1 m 3046 

4 Elevation of streambed at proposed diversion site 

(topographical map/DEM) 

H2 m 1690 

5 Slope of main watercourse, S = (H1–H2)/L S m/m 0.0714 

6 Time of concentration, 

     
 

    
(
 

√ 
)
    

 

TC hr 1.8 

7 Rainfall Excess duration 

  
  
 
            

                 

D hr 0.3 

8 Time to peak, Tp = 0.5D + 0.6TC Tp hr 1.24 

9 Time base of hydrograph, Tb = 2.67Tp Tb hr 3.3 

10 Lag time, TL = 0.6 TC Te hr 1.09 

11 Peak rate of discharge created by 1mm runoff excess on 

whole of the catchment 

      
(      )

  
 

qp m
3
/s /mm 

11.8 
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12 13 14 15 16 17 18 19 20 

Duration Daily 

point rain 

fall of 

return 

period 50 

years 

Rainfall 

profile  

Rain 

fall 

profile 

Areal 

to 

point 

rainfall 

ratio 

Areal 

rainfall 

Incremental 

rainfall 

Descending 

order 

Descending 

order 

hr mm % mm % mm mm mm No 

0-0.30  

 

     110 

26.4 29.0 53.8 15.6 15.6 15.6 1 

0.30-0.60 36.4 40.0 59.9 23.9 8.3 8.3 2 

0.60-0.90 42.5 46.8 65.9 30.8 6.9 6.9 3 

0.90-1.20 48.7 53.6 69.4 37.2 6.4 6.4 4 

1.20-1.50 53.2 58.5 71.8 42.0 4.8 4.8 5 

1.50-1.80 55.8 61.4 74.1 45.5 3.5 3.5 6 

12  Fill in 0-D hr, D-2D hr, … 5D-6Dhr. 

13  Determine the magnitude of the daily rainfall with the given recurrent interval 

by applying statistical method. 

14  Read from Annex 17 the rainfall profile (%) occurring in D, 2D, 3D … 6D 

hours, and enter in 14. 

15  Multiply 13 and 14 to find the rainfall profile (mm) and enter in 15 

16  From Annex 18, read areal to point rainfall ratio for different duration and 

particular catchment area. The method is based on research conducted in India 

and influenced by return period, magnitude of storm shape and orientation of 

area etc. Alternatively for small catchment, the following formula for area 

reduction factor, ARF can be used to convert point rainfall to areal rainfall. 

Thus the area  rainfall in column 17 can be obtained by multiplying ARF with 

column 16 

                  

Where A = catchment area (km
2
) 17  Multiply 15 and 16 and file in 17 

18  Calculate incremental rainfall by deducting the current areal rainfall from the 

preceding areal rainfall as listed in (18). 

19  Fill in the rainfall depths in descending order  

20  Assign order to the rainfall depths in descending order 1 to 6 
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21 22 23 24 25 26 

Rearranged 

order 

Rearranged 

incremental 

rainfall 

Cumulative 

rainfall 

Times of incremental hydrograph 

Time of 

beginning 

Time of Peak Time to end 

No. mm mm hr hr Hr 

6 3.5 3.5 0 1.24 3.3 

4 6.4 9.9 0.3 1.54 3.6 

3 6.9 16.7 0.6 1.85 3.9 

1 15.6 32.4 0.9 2.15 4.2 

2 8.3 40.7 1.2 2.45 4.5 

5 4.8 45.5 1.5 2.75 4.8 

21 From 19, mention the rearranged order as 6, 4, 3, 1, 2, 5 (arbitrarily) but considering 

ascending and descending feature of the hydrograph ordinates, where peak value is around 

the middle of the hydrograph. The incremental rainfall is arranged to generate the design 

peak flood. The greatly hourly increments of rainfall occur during the first hour of a storm. 

22 Fill in the corresponding incremental rainfall value to the rearranged order of 21 from 19. 

23 Fill in the cumulative rainfall values of 22 by adding with the rainfall values in the 

preceding duration. 

24 

 

Fill in the time of beginning of hydrograph as 0, D, 2D … 5D hr. 

25 Fill in the time to peak as Tp, D + Tp, 2D + Tp … 5D + Tp or add Tp in every value of 23 

and mention in 25. 

26 Add Tb in every value of 24 and fill in 26. 
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27 28 29 30 31 32 33 34 

Land use 

cover 

Area 

Ratio 

Hydrologic 

Condition 

Hydrologic 

soil group 

Curve No. 

―CN‖ 

Weighted 

―CN‖ 

Sum of 

Weighted 

―CN II‖ 

Sum of 

Weighted 

―CN III‖ 

Wood land 0.2 Poor D 83 16.6 85.8 93.8 

Meadow 0.3 - D 79 23.7  

Cropland 

(straight row) 
0.5 Poor D 91 45.5 

27  Identify all types of land use cover such as cropped area, meadow, 

wood land from the catchment map. 

28  Find ratio of each type of land use cover to the total catchment area 

and enter in 28. 

29  Ascertain treatment practice of each type of land use cover, hydrologic 

condition and soil group corresponding to it from the catchment map 

and enter in 29 & 30. 

Ascertain hydrologic soil groups for each type of land use cover  

Group A: Low runoff potential 

Group B: Moderate runoff potential 

Group C: Soil having high runoff potential 

Group D: Soil having very high runoff potential 

30  Find the corresponding curve number ―CN‖ from Annex13 & 14. 

31  Multiply 28 and 31 and enter in 32. 

32  Add 32. This curve number is corresponding to antecedent moisture 

condition II (AMC-II). Find ―CN‖ for AMC III from Annex 1-15 or 

alternatively the formula can be used to convert from CN II to CN III 

 

  

 

 

 

  23.1018.43  CNIILnCNIII
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No Description/Formula Symbol Unit Example 

35 Find maximum potential difference S between 

Rainfall (P) and Direct Runoff (Q) from  

     (
   

  
  ) 

Where CN = Value corresponding to AMC III as 

obtained in 31. 

S mm 16.9 

36 Substitute values of P as mentioned in 23, in the 

above formula and using the formula of S and find 

the corresponding values of Q (36). 

  
(      ) 

(      )
 

Enter the value of Q in 36. 

Q P (mm) Q (mm) 

3.5 0.0 

9.9 1.8 

16.7 5.9 

32.4 18.3 

40.7 25.7 

45.5 30.1 
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35 36 37 38 39 40 

24 25 26 

Duration Cumulative 

Runoff 

Incremental 

Runoff 

Peak 

Runoff for 

Increment 

Time of 

Beginning 

Time 

to 

Peak 

Time 

to 

End 

Composite 

Hydrograph 

Hr. mm mm m
3
/s hr hr hr t-Q 

Triangular 

Hydrograph 

Synthesis 

0 - 0.3 0 0 0.01 0.0 1.24 3.31 

0.3 - 0.6 1.8 1.8 21.2 0.3 1.54 3.61 

0.6 - 0.9 5.9 4.1 48.4 0.6 1.85 3.92 

0.9 -1.2 18.3 12.4 146.2 0.9 2.15 4.22 

1.2 - 1.5 25.7 7.4 86.9 1.2 2.45 4.52 

1.5 - 1.8 30.1 4.4 51.7 1.5 2.75 4.82 

35 Enter the same time as in 12 i.e. 0 – D, D – 20, 2D – 3D, … 5D – 6D 

36 There are the values of Q as found out in 34 corresponding to the value of P. 

37 Find incremental runoff by reducing the values of 36 by preceding values. 

38 Multiply 37 with peak rate of runoff corresponding to mm runoff excess as found at 11. 

39 Plot triangular hydrograph, Figure1-1, with time of beginning, peak time and, time to end as 

mentioned in 23, 24, 25 and peak runoff as mentioned in 38. 

40 Plot a composite hydrograph as shown in the following page, by adding all the triangular 

hydrographs. The resultant hydrograph will be composite hydrograph of desired return 

period. The coordinate of the peak of this hydrograph will give the peak runoff with desired 

return period. Thus the peak flood for 50 year return period becomes 315 m
3
/s. 
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Table 11: Tabular value of unit hydrograph 

0 0           0.0 

0.3 0.0022 0         0.0 

0.6 0.0043 5.17 0       5.2 

0.9 0.0065 10.34 11.80988 0     22.2 

1.2 0.0087 15.51 23.61977 35.66 0   74.8 

1.24 0.01 16.03 24.80075 39.23 2.12   82.2 

1.5 0.008 20.68 35.42965 71.33 21.20 0 148.6 

1.54 0.008 21.2 36.61064 74.89 23.32 1.26 157.3 

1.8 0.006 18.41 47.23953 106.99 42.41 12.62 227.7 

1.85 0.006 18.10 48.4 110.56 44.53 13.88 235.5 

2.1 0.005 15.31 42.06 142.65 63.61 25.23 288.9 

2.15 0.005 15.00 41.35 146.2 65.73 26.50 294.8 

2.4 0.004 12.22 34.98 127.00 84.82 37.85 296.9 

2.45 0.004 11.91 34.28 124.86 86.9 39.11 297.1 

2.7 0.003 9.12 27.91 105.64 75.51 50.47 268.7 

2.75 0.002 8.81 27.21 103.51 74.24 51.7 265.5 

3.0 0.001 6.03 20.84 84.29 62.81 44.93 218.9 

3.31 0 3.10 14.14 64.07 50.79 37.78 169.9 

3.33 

 

2.93 13.77 62.93 50.12 37.38 167.1 

3.61   0 7.07 42.71 38.09 30.22 118.1 

3.630     6.70 41.58 37.42 29.82 115.5 

3.92     0 21.36 25.39 22.67 69.4 

3.93       20.22 24.72 22.27 67.2 

4.22       0 12.70 15.11 27.8 

4.24       

 

12.02 14.71 26.7 

4.52         0 7.56 7.6 

4.54         

 

7.15 7.2 

4.82           0 0.0 
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               Figure 3: Triangular and composite hydrograph 
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Annex 

Annex 1: Rainfall region  
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Annex -2: List of main Meteorology Stations in rain fall region 
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Annex 3: Mean Annual Rainfall of Ethiopia 
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                                 Annex 4: IDF Curve of Rainfall Region Al 
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                                        Annex 5: IDF curve of Rainfall Region A2 
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                     Annex 6: IDF curve of Rainfall Region A3 
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                                   Annex 7: IDF Curve of Rainfall Region A4 
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                      Annex 8: IDF Curve of Rainfall Region B1 
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                        Annex 9: IDF Curve of Rainfall Region B2 
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                                  Annex 10: IDF Curve of Rainfall Region C 
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                    Annex 11: IDF Curve of Rainfall Region D 
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Annex 12: 24hr Rainfall depth vs Frequency 
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            Annex 13: Runoff curve number for cultivated agricultural land 

Cover description 
Curve numbers for 

Hydrologic soil group 

Cover 

Type 
Treatment

2
 

Hydrologic 

condtion
3 A B C D 

Fallow 

 

Bare soil 

Crop residue  

cover (CR) 

- 

Poor 

Good 

77 

76 

74 

86 

85 

83 

91 

90 

88 

94 

93 

90 

Row 

Crops 

 

 

Straight row (SR) 

 

Poor 

Good 

72 

67 

81 

78 

88 

85 

91 

89 

SR + CR 

 

Poor 

Good 

71 

64 

80 

75 

87 

82 

90 

85 

Contoured (C) 

 

Poor 

Good 

70 

65 

79 

75 

84 

82 

88 

86 

C + CR 

 

Poor 

Good 

69 

64 

78 

74 

83 

81 

87 

85 

Contoured & 

terraced (C & T) 

Poor 

Good 

66 

62 

74 

71 

80 

78 

82 

81 

C&T + CR 

 

Poor 

Good 

65 

61 

73 

70 

79 

77 

81 

80 

Small grain SR 

 

Poor 

Good 

65 

63 

76 

75 

84 

83 

88 

87 

SR + CR 
Poor 

Good 

64 

60 

75 

72 

83 

80 

86 

84 

C 

 

Poor 

Good 

63 

61 

74 

73 

82 

81 

85 

84 

C + CR 
Poor 

Good 

62 

60 

73 

72 

81 

80 

84 

83 

C&T 
Poor 

Good 

61 

59 

72 

70 

79 

78 

82 

81 

C&T + CR 

 

Poor 

Good 

60 

58 

71 

69 

78 

77 

81 

80 

Close-seeded SR    

 or broadcast 

Poor 

Good 

66 

58 

77 

72 

85 

81 

89 

85 

Legumes or C 

Rotation 

Poor 

Good 

64 

55 

75 

69 

83 

78 

85 

83 

Meadow C&T 
Poor 

Good 

63 

51 

73 

67 

80 

76 

83 

80 
1
 Average runoff condition, and Ia  =  0.2S. 

2 
Crop residue cover applies only if residue is on at least 5% of the surface throughout the year. 

3  
Hydrologic condition is based on a combination of factors that affect infiltration and runoff, including (a) 

density and canopy of vegetative areas, (b) amount of year-round cover, (c) amount of grass or closed-

seeded legumes in rotations, (d) percent of residue cover on the land surface (good > 20%), and (e) degree 

of roughness. 

Poor : Factors impair infiltration and tend to increase runoff. 

Good : Factors encourage average and better than average infiltration and tend to decrease 

runoff. 
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    Annex 14: Runoff Curve number for other agricultural land 

Cover description Curve numbers for hydrologic soil group 

Cover type Hydrologic 

condition 

A B C D 

Pasture, grassland, or  range-

continuous forage for grazing
2
 

 

 

Meadow-continuous grass, 

protected from grazing  

 

Brush-weed-grass mixture with 

brush the major element
3
 

 

 

 

Woods-grass combination
5
 

 

 

Woods
6
 

 

 

 

Farms—buildings, lanes, 

driveways, and surrounding lots 

Poor 

Fair 

Good 

 

 

-- 

 

Poor 

Fair 

Good 

 

Poor 

Fair 

Good 

 

Poor 

Fair 

Good 

 

-- 

68 

49 

39 

 

 

35 

 

48 

35 

30
4
 

 

57 

43 

32 

 

45 

36 

30
4
 

 

59 

79 

69 

61 

 

 

59 

 

67 

56 

48 

 

73 

65 

58 

 

66 

60 

55 

 

74 

86 

79 

74 

 

 

72 

 

77 

70 

65 

 

82 

76 

72 

 

77 

73 

70 

 

82 

89 

84 

80 

 

 

79 

 

83 

77 

73 

 

86 

82 

79 

 

83 

79 

77 

 

86 

 
1
  Average runoff condition, and Ia = 0.2S 

2  
Poor: < 50% ground cover or heavily grazed with no mulch 

   Fair: 50 to 75% ground cover and not heavily grazed 

   Good:  > 75% ground cover and lightly or only occasionally grazed 

3 Poor: < 50% ground cover 

  Fair: 50 to 75% ground cover 

  Good: > 75% ground cover 
4
 Actual curve number is less than 30; use CN = 30 for runoff computations. 

5
 CNs shown were computed for areas with 50% grass (pasture) cover.  Other combinations of conditions 

may be computed from CNs for woods and pasture. 
6
  Poor : Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning. 

   Fair : Woods grazed but not burned, and some forest litter covers the soil. 

   Good : Woods protected from grazing, litter and brush adequately cover soil. 
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Annex 15: Conversion from Average AMC to Dry and Wet Condition 

CN for average 

Condition 

AMC  II 

CN for  CN for average 

Condition 

AMC  II 

CN for  

AMC I 

Dry 

AMC III 

Wet 

AMC I 

Dry 

AMC III 

Wet 

100 100 100 58 38 76 

98 94 99 56 36 75 

96 89 99 54 34 73 

94 85 98 52 32 71 

92 81 97 50 31 70 

90 78 96 48 29 68 

88 75 95 46 27 66 

86 72 94 44 25 64 

84 68 93 42 24 62 

82 66 92 40 22 60 

80 63 91 38 21 58 

78 60 90 36 19 56 

76 58 89 34 18 54 

74 55 88 32 16 52 

72 53 86 30 15 50 

70 51 85 25 12 48 

68 48 84 20 9 37 

66 46 82 15 6 30 

64 44 81 10 4 22 

62 42 79 5 2 13 

60 40 78 0 0 0 

 

Annex 16: Rainfall Groups for AMC conditions during Growing & Dormant Season 
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Annex 17: Rainfall profile giving time distribution of rainfall 
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Annex 18: Area to point rainfall 

Area 

km
2
 

Duration 

(hrs) 

0.50 1.00 2.00 3.00 4.00 5.00 6.00 9.00 12.00 15.00 18.00 21.00 24.00 

25  66 78 82 85 87 88 88 91 92 93 93 94 94 

50  61 71 78 82 84 85 87 89 90 91 92 92 93 

75  57 67 75 79 82 84 83 87 89 90 91 91 92 

100  54 65 73 78 80 82 83 86 88 89 90 91 91 

125  52 63 72 76 79 81 82 85 87 88 89 90 91 

150  50 61 70 75 78 80 61 84 86 88 89 89 90 

175  48 59 69 74 77 79 81 84 86 87 88 89 90 

200  46 58 68 73 76 78 80 83 85 87 88 88 89 

225  45 57 57 72 75 77 72 82 85 86 87 88 89 

250  44 55 66 71 74 77 78 82 84 86 87 88 88 

275  42 54 65 70 74 76 78 81 84 85 86 87 88 

300  41 53 54 70 73 75 77 81 83 85 86 87 88 

325  40 53 63 58 72 73 77 80 83 84 86 87 87 

350  38 52 63 68 72 74 76 80 82 84 85 86 87 

375  39 51 62 68 71 74 78 80 82 84 85 86 87 

400  38 50 61 67 71 73 75 79 82 83 85 86 87 

425  37 50 61 67 70 73 75 79 81 83 84 85 86 

450  36 49 60 66 70 72 74 79 81 83 84 85 86 

475  36 48 60 66 69 72 74 78 81 83 84 85 86 

500  35 48 59 66 69 72 74 78 80 82 84 85 86 

525  34 47 59 65 68 71 73 78 80 82 83 85 85 

550  34 47 58 64 68 71 73 77 80 82 83 84 85 

575  33 46 58 64 68 71 73 77 80 82 83 84 85 

600  33 45 57 63 67 70 72 77 79 81 83 84 85 

625  32 45 57 63 67 70 72 76 79 81 83 84 85 

680  32 45 56 63 67 69 72 76 79 81 82 84 84 

675  31 41 56 62 66 69 71 76 79 81 82 83 84 

700  31 44 56 62 66 69 71 76 78 80 82 83 84 

725  31 45 55 62 66 69 71 75 78 80 82 83 84 

750  30 43 55 61 65 68 71 75 78 80 82 83 84 

 


