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 Topography 

 Soil Properties 



 Intrinsic capacity of rainfall to cause 

erosion 

 Influenced by  

› Amount, intensity, terminal velocity, drop size 

and drop size distribution of rain.  

 High rainfall amounts do not always 

equate to high erosion rates.  



 Uniform distribution of rainfall will result in 

less runoff than seasonal distribution of 

rain.  



 m=mass, v= velocity 

 Given a terminal velocity of a raindrop is 

8 m s-1  

 Kinetic energy of a rain storm  

 (½)m*64 = 32*m 

 Increase velocity to 10 m s-1with wind 

and E increases to 50*m 

E=1/2mv2 



 Runoff occurs only after water: 

› Is adsorbed by the soil 

› Fills up the soil pores and surface depressions 

› Accumulates on the soil surface to a given 

depth (dictated by slope) 

 Generally, runoff represents a small 

fraction of total rainfall 

 



 There are a lot of factors working against 

the production of runoff 

› Runoff Inputs=rain, irrigation, snowmelt 

› Runoff outputs=infiltration, evaporation, 
canopy interception, transpiration, surface 

retention 

 These are some of the factors that we will 

seek to influence when controlling 

erosion 



 Kinetic energy of runoff is much lower 

than rainfall primarily because its velocity 

is so low 

 Mass is also generally much lower 

 Assume that 25% of rainfall is runoff and 

that runoff velocity is 1 m s-1 

 Runoff energy =0.25(½)m(1)2 = 0.125m 

 Recall rainfall energy = 32m 



 Useful when: 

 Designing mechanical erosion control 

structures 

› Ponds, terraces, waterways, vegetative 

filters, etc.  

 Estimating the probable amount of 

sediment and chemicals transported 

 



 Factors to consider 

› Vegetative cover 

 Influences interception 

› Topography 

 Slope, slope length, and shape 

› Soil surface condition 

 Surface roughness, crusting 

› Soil texture 

 Infiltration rate 

 



 Tc is the time it takes for runoff to travel 

from the most distant point of the 

watershed to the outlet 

 Influences the peak discharge 

 The shorter the Tc the larger the peak 

discharge 

 



 Important in the design of erosion control 

structures 

› Terraces, grass water ways, etc. 

 Rational equation is a simple equation for 

determining peak discharge  

 Only useful for watersheds that are 200 

acres or smaller in size 

 

› q= peak runoff rate (ft3/s or m3/s) 

› C=Runoff coefficient dimensionless 

› I=rainfall intensity 

› A=drainage area (ft2, or m2) 

q = CIA 



   



  
A 

Low runoff potential 
Sands, loamy sands, or sandy loams 
Infiltration rates >0.3 inches/hr 

B 
Moderately low runoff potential 
Silt loams and loams 
Infiltration rate between 0.15 and 0.3 inches/hr 

C 
Moderately high runoff potential 
Sandy Clay loams 
infiltration rate between 0.05-0.15 inches/hr 

D 
High runoff potential 
Clay loams, silty clay loams, sandy clays, silty clays, or clays 
infiltration rates between 0-0.05 inches/hr 



 Other soil variable that influence 

hydrologic soil groups 

› Depth to water table 

› Depth to clay pan 

› Depth to bed rock 

› Soil structure 

› Shrink-swell capacity 



 Provides peak runoff estimates for larger 

watersheds, or for rain events that are 

shorter than time of concentration. 

 

 
› q= peak runoff rate (ft3/s or m3/s) 

› C=Runoff coefficient dimensionless 

› Rtc=depth of rain occurring prior to Tc (ft or m) 

› A=drainage area (ft2, or m2) 

› Tc=Time of Concentration 

 

 

q = CIA 

q = 
C(Rtc)A 

Tc 



 Simple calculation that can be used to 

estimate runoff 

 
 

 Q= Depth of runoff(mm, inches) 

 R=Rainfall (mm, inches) 

 S=Retention Parameter (mm, inches) 

› S accounts for losses of water before runoff begins, such as 
water retained in depressions, water intercepted by 

vegetation, and water lost to evaporation and infiltration.  

Q = 
(R-0.2S)2 

(R+0.8S) 



 Curve numbers (CN) are used to 

estimate S 

 Curve numbers are influenced by 

hydrologic soil group, land use, soil 

management, cropping system, 

conservation practices and antecedent 

water content.  

S = 
25400 

CN 
     Equation use for mm of rainfall   

- 254 S = 
1000 

CN 
     Equation use for inches of rainfall   

- 10 
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 Use the CN Calculations for estimate 

 

 

 

 Payne county 10-year storm produces 

4.5 inches in 24 hours 

› R=4.5inches 

 

Q = 
(R-0.2S)2 

(R+0.8S) 

S = 
1000 

CN 
     Equation use for inches of rainfall   

- 10 



 55% of field is Group B 

 45% is Group D  



 

 

 

 

 

 

 Straight row wheat with poor hydrologic 

condition 

› Group B=76, Group D= 88 



 Group B portion of CN=0.55*76=41.8 

 Group D portion of CN=0.45*88=39.6 

 Add these portions together to get 

average CN of 81.4 



 

 Payne county 10-year storm produces 

4.5 inches in 24 hours 

› R=4.5inches 

 CN=81.4 

 

 

 Runoff(Q) = 57% of rainfall 
› High due to permeability of soil and cultivation and 

quantity of rainfall 

Q = 
(R-0.2S)2 

(R+0.8S) 
S = 

1000 

CN 
     Equation use for inches of rainfall   

- 10 

Q = 
(4.5-0.2*2.28)2 

(4.5+0.8*2.28) 
S = 

1000 

81.4 
     Equation use for inches of rainfall   

- 10=2.28 =2.6 inches 



 Runoff as a % of rainfall increases with 

the quantity of rainfall  
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 4.5 inches of rainfall at 8 m/s 

› Equivalent to 462555 L/acre(kg /acre) 

 VS. 2.60 inches of runoff moving at 1 m/s 

› 267254 L/acre (kg /acre) 

 

 

 

Rainfall 

E=1/2mv2=1/2*462555*(8)2=15 MJ/acre  

Runoff 

E=1/2mv2=1/2*267254*(1)2=0.134 MJ/acre  


