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Hydrological Cycle

• What makes up the hydrological cycle?
– Precipitation
– Evaporation
– Transpiration

– Infiltration/Percolation
– Subsurface Runoff

– Surface Runoff





Source: Applied Hydrology





Average Annual Precipitation







Different forms of Precipitation

• Rain
• Drizzle

• Freezing Rain
• Hail

• Sleet
• Snow



Precipitation Mechanisms
Frontal Activity

• Frontal Storm - results from 
warm air passing over cold 
air

• Convective Storm – caused 
by the sun heating the 
surface, thus resulting in 
warm moist air rises.

• Orographic Storm – caused 
by an air mass being forced 
from a low elevation to a 
higher elevation.  As the air 
rises it cools, and cannot 
hold the moisture.  



Examples of Rainfall 
Measurement Devices 

Standard Rain Gauge

Weighing Gauge

Tipping Bucket



Characteristics of Precipitation

• Duration - Measured in units of minutes 
or hours

• Depth - Measured in units if mm or 
inches

• Rate  Intensity - Measured in units of 
mm/hr or inch/hr

• Storm Frequency– Describe the 
probability of occurrence 



Calculation of Maximum 
Precipitation



Infiltration

• Vegetative Cover
• Soil

– Surface
– Porosity

– Hydraulic Conductivity
– Moisture Content 
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Green Ampt Method
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IN CLASS EXAMPLE



Surface Runoff



How Water Reaches the Stream

• Hortonian Flow

• Subsurface Flow 
• Saturated Overland Flow 



Hortonian Overland Flow
• Rainfall Intensity > Infiltration 

Rate
• Mode of ground saturation is 

flow precipitation
• Flow is transported as sheet 

flow 
• There is detention sites 

located throughout the 
watershed which may result in 
flow infiltrating.  

• Common in urban areas and 
natural areas where the soil 
layer is thin and has a low 
infiltration capacity

• Semiarid to Arid Regions



Subsurface Flow

• Rainfall intensity < 
Infiltration

• Flow is transported 
through pores in the soil 

• Results in lower flows 
except when root holes 
and animal holes are 
present.

• Common in areas with 
higher vegetative cover

• Humid Environments



Saturated Overland Flow

• Saturated Overland 
Flow:

• Soil is completely 
saturated 

• Mode of ground 
saturation is subsurface

• Flow is transported as 
sheet flow 

• Common near the bottom 
of hill slopes and near 
channels. 

• Continuous storm event



Rational Method

Rough calculation of the expected discharge at a 
given location

Q = CiA

Q - peak flow (cfs)
C - dimensionless runoff coefficient.
i - rainfall intensity (in/hr)
A - catchment area (acres)



Runoff Coefficient



IDF Curve

1 inch = 25.4 mm



Watershed Delineation - Area



In Class Example



Extreme Specified-Discharge 
Conditions





Any Questions



CE 414 – ENVIRONMENTAL RIVER MECHANICS
Hydrology Homework Problems

1. Using the Figure 3.6, calculate the maximum precipitation for a 4 day storm.

2. Calculate the soil texture, cumulative infiltration depth and infiltration rate at time equals 2 hours. 
The soil is composed of 15% silt, 25% clay and 60% sand.  The effective saturation (Se) is 50%.    

3. Assume that the effective saturated hydraulic conductivity is zero.  Use Figure 3.5 to determine 
the cumulative infiltration and infiltration rate.  Explain why your results are different in question 2 
and 3.  

4. Using the rational method calculate the 100-year discharge caused by a 25-year rainfall storm 
which lasted 2 hours.  The watershed is 50 acres.  A detailed analysis has been performed to 
determine that 45% of the land area is concrete/roofs, 25% is good grass areas with flat slopes, 
15% is cultivated agricultural area with flat slope and the remaining 15% is forested lands with 
steep slopes. 

5. Using the Figure on extreme discharge fill in the following table.

How does the specific discharge and discharge vary with increased area? 


