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RUNOFF CALCULATIONS 
 
The following provide the minimum necessary equations for determining runoff from a design 
storm, i.e., a storm with duration ≈ to the watershed’s time of concentration.  When peak flow is 
the critical design parameter engineers usually design for this storm duration because it 
represents the most intense storm (shortest duration) for which the entire watershed contributes 
flow to the outlet.  This section emphasizes peak runoff; we will discuss design criteria for 
runoff volume later in conjunction with ponds, flood routing, and detention basin design 
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A. Time of Concentration Equations 
 
Dozens of equations have been proposed for the time of concentration.  Below are four of the 
most commonly used that generally agree with each other within 25%.  Eqs. A.3 and A.4 
consistently predict longer times of concentration, especially for low runoff potentials.  The 
following were adopted from Chow (19XX) 
 
Kirpich (1940): tc = 0.0078L0.77S-0.385 (A.1) 
 
  where  tc 

L = length of channel or ditch from headwater to outlet (ft) 
= time of concentration (min.) 

   S = average watershed slope  
 

Soil Conservation Service (SCS) (1972): 38.0

15.1

7700H
Ltc =  (A.2) 

 
  where  tc = time of concentration (hr) 

L = length of longest flow path (ft) 
   H = difference in elevation between outlet and most distant ridge  
 
SCS Lag Equation (1973): tc = 10L0.8 [(1000/CN) – 9 ]0.7  / (1900S0.5) (A.3) 
 

where  tc = time of concentration (min.) 
L = length of longest flow path (ft) 

   S = average watershed slope  
   CN = SCS curve number 
 

[Originally developed for agricultural areas; found to be reasonable for completely 
impervious watersheds; tends to overestimate for mixed use watersheds]  

 
Federal Aviation Administration (1970): tc = 1.8(1.1-C)L0.5S-0.333 (A.4) 
    

where  tc = time of concentration (min.) 
L = length of longest flow path (ft) 

   S = average watershed slope  
   C = rational method coefficient 

[Originally developed for use on airfields but frequently used for urban watersheds] 
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B. Rational Method 
 
The Rational Method, a.k.a. Lloyd-Davies method if you are English, is probably the oldest 
runoff equation (documented use in the 1800s) and remains very popular in urban storm water 
design. 
 
 CiAq p =  (ft3 s-1) (B.1) 

 
 CiAq p 0028.0=  (m3 s-1) (B.2) 
 

 
where qp is the peak runoff rate, C is the runoff coefficient (tabulated based on land use), i is the 
rainfall intensity [in hr-1 (B.1), mm hr-1 (B.2)], and A is the watershed area [acres (B.1), ha (B.2)].  
Remember to use a design storm with duration equal to the watershed’s time of concentration, tc.  
Runoff coefficients range from 0 (no runoff generated) to 1 (all rain becomes runoff).  Note that 
the relationship between runoff and rainfall intensity implies Hortonian runoff processes. 
 
 
Tables for runoff coefficients follow. 
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C. Curve Number Method  
 
1. Calculating Runoff Volume 
The Curve Number Equation is actually a relationship between runoff volume and rain volume 
but because this method is ubiquitously used, especially for rural areas, associated methods have 
been developed to estimate peak runoff too.  The basic equation is: 
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where Q is the runoff depth (to get volume, multiply by the watershed area), P is the rainfall 
depth, Ia is the initial abstraction, and S is the watershed storage.  All units are depth, either 
inches or mm.  The initial abstraction is conceptualized as the amount of rain that falls before 
runoff is initiated; this is usually grossly assumed to be 0.2S.  Eq. (C.1) is usually written as: 
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The S term is determined indirectly from tables relating qualitative land use information to a 
runoff index called the Curve Number (CN).  The CN is related to S with: 
 

 101000
−=

CN
S  (inches) (C.3a) 

 25425400
−=

CN
S  (mm) (C.3a) 

 
Note that the implicit assumption that runoff is related to land use implies Hortonian runoff 
processes. 
 
CN tables follow (SCS, 1972, NEH, sec. 4). 
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2.Synthetic Triangular Hydrograph 
One simple way to estimate peak runoff from runoff volume is to assume a synthetic hydrograph 
shape and relate volume and peak geometrically.  There are dozens of hydrograph approaches 
that can be used but the simplest is the triangular hydrograph; given the crudeness of the types of 
runoff estimates used in engineering, more sophisticated hydrograph approaches are usually 
unnecessary.  The triangular hydrograph is shown below. 
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Figure C.1: Schematic of a synthetic triangular runoff hydrograph 
 
From the figure it is obvious that the peak discharge is simply: 
 

 ( )rp
p tt

Qq
+

=
2   (C.4) 

 
where Q is in units of volume and the equation is unit consistent.  Commonly, tp = 1.1tc and the 
recession time, tr = 1.67tp.  Eq. C.4 is then: 
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It is obviously also possible to convert peak runoff estimates into volumes using the synthetic 
hydrograph concept. 
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3. Calculating Peak Runoff (NRCS Graphical Method) 
The NRCS developed a highly empirical approach to calculating peak runoff for their TR-20 and 
TR-55 computer programs.  It uses the following equation: 
 
 24AQqq up =   (C.4) 
 
where qu is a coefficient called the unit peak discharge (read from a graph), A is the watershed 
area (mi2), and Q24 is the runoff from the 24-hr design event calculated with Eq. (C.2).  Notice 
that in this approach the impact of the watershed’s time of concentration is incorporated into the 
qu factor rather than the design storm duration.   
 
A chart for qu as a function of tc, P, and Ia follows that is appropriate for most of the continguous 
US; other charts are available in the TR-55 manual or various texts (see references).  Be careful 
with units; I recommend keeping depths in inches and areas in mi2. 
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