
Effect of Land Surface  
on Runoff Generation 



Context: Hydrologic Cycle 



Runoff vs Infiltration 
• Infiltration:  Process by which water on the ground 

surface enters the soil 

• Runoff:  Water (from rain, 
snowmelt, etc) that flows over 
the land surface (surface) or 
exfiltrates from the soil into 
channels (subsurface) 

• Runoff + Infiltration = total 
surface water (minus losses—
depression storage, 
interception) 
 

Depression storage: water is ponded 
under these trees but will eventually 
infiltrate 



Factors Controlling Infiltration/Runoff 

•  rainfall rate and volume 
•  soil type (sand, clay, silt) 
•  soil moisture (dry vs. wet) 
•  hydraulic conductivity (permeability) 
•  depth to water table 
•  groundcover (looseness of soil, foliage on soil) 
•  vegetation type (density of vegetation) 
•  time since start of rainfall  



Land Cover and Runoff 
Urban Areas 
• Higher peak flows 
• fast recession rate 
• less baseflow 
• flashier response 

 
Forested Areas 
• Low peak flows 
• Slow recession rate 
• More baseflow 
• Dampened response 

Mays 

Effect of vegetation on runoff 
http://wikiwatershed.org/mmw/mini/ 



Some Methods to Determine Runoff 

• Measurement (challenging) 
• Time-based saturation of soil (e.g. Horton 

method) 
• Physically-based (e.g. Phillips/Green-Ampt) 
• Simple, lumped, and empirically based (e.g. 

Rational method, NRCS Curve Numbre 
Method) 

• Model watershed with variable parameters 
• MORE 



NRCS Direct Method 
(National Resources Conservation Service) 
“SCS Curve Number Method” 
 
Models runoff as function of  
 land cover/cropping practice 
 soil type 
 antecedent soil moisture 

Q = accumulated runoff depth over drainage area  
P = accumulated rainfall as depth over area 
Ia = initial abstractions = 0.2S 
S = potential max soil water retention 
CN = Curve Number 
 



Curve Number 
• Based on Soil Type (A-D) 
  A sandy loam, loamy sand, sand i = 0.3-0.45 in/hr 
  B silt loam or loam   i = 0.15 – 0.3 
  C Sandy clay loam   i = 0.05-0.15 
  D clay loam etc   i = 0-0.15 

• Hydrologic condition of area 
  Good – factors encourage better than average infiltration 
  Fair – normal infiltration 
  Poor—factors impair infiltration 

• Land Cover (lookup table) 
• Weight Curve Number by land cover % 
• High Curve Number = more runoff 



Curve Numbers: Urban Areas 

Parking Lots = 98 
 
Grass (fair) = 49-84 
 
Desert landscaping 
(artificial) = 96 



Curve Numbers: Agricultural 

Bare Soil = 77-94 
 
Crops based on type of crop and 
type of planting  



Curve Number: Other Agricultural 

Meadow = 30-78 
 
Woods = 30-83 



Woods in poor hydrologic condition and loamy soil 
 
 Loam = Soil type B 
 Poor condition 
 CN = 66 (avg soil moisture) 
 
Lawn, open space, poor condition 
 Same soil  
 CN = 79 from table 
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Example NRCS Calcuation 
• Calculate direct runoff for each time after accumulated precipitation has 

exceeded initial abstraction (Ia) using 
 
 
 
 

• Woods: S = 5.15, P = 1.5”   Q = 0.04 inches 
• Lawn: S = 2.65, P = 1.5”    Q = 0.26 inches 
• Should check that P > 0.2 S (1.5 > 1.03  for woods OK!) 
• Lawn produces over 6 times the runoff as the woods 

 



Importance of Knowing Runoff Volume 

• Streamflow resulting from rainfall event   
• Flooding risk 
• Resource management 
• Design considerations 
• Water quality 



Watershed Health Related to Runoff 

• Runoff becomes streamflow/storm drainage 
(often untreated) 

• Runoff water quality poor 
– Collects chemicals from surfaces 
– Quickly becomes part of watershed 
– Drains to fragile coastline ecosystem 

 
 

• Low Impact Development (LID) includes 
minimizing runoff at its source to protect 
watersheds 

 EPA  http://water.epa.gov/polwaste/green/ 



Application at a School 

Rolling Hills Elementary, Fullerton, California 
Surfaces: Buildings, Turfgrass, pavement, garden 
Students determined: 40% area grass, 50% buildings/pavement, 10% garden 

pavement 

building 

garden 



Determining Runoff  
for Specific Land Cover 

• Three land surfaces: 
pavement, sod, and garden 

• Vary slope, volume of 
rainfall, rainfall rate 

Results: 
• Impermeable: 90% runoff 
• Turfgrass: 62% runoff 
• Garden: 15% runoff 



Change in Land Use Reduces Runoff 

• Convert turfgrass to 
garden and 
decomposed granite 
area = reduced runoff 
generation 

• Add rain barrel 
collection points 
to building 
rooftops 


	Effect of Land Surface �on Runoff Generation
	Context: Hydrologic Cycle
	Runoff vs Infiltration
	Factors Controlling Infiltration/Runoff
	Land Cover and Runoff
	Some Methods to Determine Runoff
	Slide Number 7
	Curve Number
	Slide Number 9
	Curve Numbers: Agricultural
	Curve Number: Other Agricultural
	Slide Number 12
	Example NRCS Calcuation
	Importance of Knowing Runoff Volume
	Watershed Health Related to Runoff
	Application at a School
	Determining Runoff �for Specific Land Cover
	Change in Land Use Reduces Runoff

