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Runoff Estimation and Modeling

• To estimate the magnitude of a flood peak the 
following alternative methods are available: 

• 1. Time-Area Method

• 2. Unit-hydrograph technique

• 3. Semi-Empirical method (rational method). 

• 4. Empirical method (SCS curve number 
method)



Rational Method Calcuations

• The relationship for peak runoff Qp is then expressed as:

Qp = 0.278 C I A 

Where, 
• Qp = Peak discharge in  m³/s. 
• C = coefficient of runoff 
• A = area of the catchment (drainage basin) in Km2

• I = mean intensity of precipitation (mm/h) for a duration 
equal to time of concentration



Step 1: Find C



Intensity of Rainfall: (I = Rainfall depth / Tc)

Step 2: Find Tc

Step 3: Find I



Example 2



• Average intensity = 𝑖= 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙

𝑇𝑐

                                      𝑖= 47.4×60

27.4
 = 103.8 mm/hr

𝑄𝑝=0.278 𝐶 𝐼 𝐴

𝑄𝑝=0.278 ×0.3×103.8×85/100 

𝑄𝑝=7.36 𝑚3/𝑠

𝐾𝑚2 = 100ℎ𝑎 
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Unit 
Hydrograph 
Method

The Unit hydrograph (UH) of a catchment is 

defined as the hydrograph resulting from an 

effective rainfall of 1mm evenly distributed over 
the basin during the time 





Application of Unit Hydrograph: 

They are of great use in 

•  A unit hydrograph is used to estimate stream flow or discharge given a 

basin– averaged rainfall. 

• The development of flood hydrographs for extreme rainfall magnitudes 

(for use in the design of hydraulic structures) 

• Extension of flood flow records based on rainfall records 

• Development of flood forecasting and warning systems based on rainfall 



Example 1:

• Simplified Runoff Response (1 inch Rainfall 
Excess)

Time (hr) Runoff 
(cfs/in)

0 0
1 5
2 15
3 30
4 45
5 35
6 25
7 15
8 8
9 3

10 0



Solution

• Peak discharge 𝑄𝑝= 187.5 cfs at t = 7 hr.

Time (hr) Runoff (cfs)

0 0
1 4.5
2 18
3 48
4 97.5
5 143
6 180.5
7 187.5
8 163.2
9 125.9

10 79.2
11 44.5
12 20.6
13 7.7
14 2.1
15 0



1 in-Unit Hydrograph
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Example 2

Time (hr) 1–2 3–4 5–6

Rainfall 
(in/hr) 2.6 3.0 1.4

Abstracti
ons 
(in/hr)

1.6 1.2 0.7

Time (hr) UH (cfs/in)
0 0
1 6
2 18
3 36
4 48
5 38
6 26
7 16
8 9
9 3

10 0

• Simplified Runoff Response (1 inch Rainfall 
Excess)



• Peak discharge = 234.6 cfs at t = 7 hr.

Time (hr) Runoff (cfs)
0 0
1 6
2 24
3 64.8
4 127.2
5 187.4
6 232
7 234.6
8 199
9 147.8

10 92.8
11 51
12 22.9
13 8.4
14 2.1
15 0



Unit Hydrograph
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Rainfall-
Runoff-NRCS  

Method

• Estimates runoff from rainfall

• Based on watershed characteristics

NRCS = Natural Resources Conservation Service

Used to estimate runoff from rainfall

Based on watershed characteristics (soil, land use, 
cover, slope)

Previously known as the SCS Curve Number Method



Rainfall-Runoff-NRCS  Method



CN Depends On
• Soil type
• Land use
• Land condition
• Hydrologic soil group A–D
• CN represents watershed ability to absorb water
• Low CN → more infiltration → less runoff
• High CN → less infiltration → more runoff
• Depends on: Soil group (A, B, C, D)
• Land use (urban, agriculture, forest)
• Soil treatment/condition
• Hydrologic condition (poor/good)
• Low CN (e.g., forests, sandy soils) → water infiltrates easily
• High CN (e.g., urban areas, clay soils) → water runs off 

quickly



Soil 
Hydrologic 
Groups



Soil Hydrologic Groups

•A: high infiltration (sand) → least runoff
•B: moderate infiltration
•C: low infiltration
•D: very low infiltration (clay) → most runoff



Curve Number

Curve number CN depends upon:

a) Soil type 

b) Antecedent moisture condition 

c) Land use/cover 











Initial Abstraction (Ia)

• Initial Abstraction (Ia)
• Includes:
•Surface storage
• Interception
• Infiltration before runoff starts

• Traditional assumption:
Ia = 0.2 S
(where S depends on CN)



Runoff Equation

•Main Runoff Equation

•𝑄 =
ቀ𝑃−0.2𝑆)2

𝑃+0.8𝑆

•Q = runoff depth
•P = total rainfall
•S = potential maximum retention

•𝑆 =
1000

𝐶𝑁
− 10



Time of Concentration (Tc)

• Time of Concentration (Tc)
• The time required for water to travel from the farthest point in 

watershed to outlet
• Determines hydrograph peak time
• Depends on:

• Slope
• Surface roughness
• Flow path length
• Land use



Summary: NRCS Unit Hydrograph

• Watershed Response (Hydrograph)
• NRCS uses dimensionless unit hydrograph
• Need:

• Excess rainfall
• Time of concentration
• Watershed area

• Produces:
• Peak discharge
• Runoff volume
• Hydrograph shape
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