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Objectives

• Develop a basic understanding of how 
streams function

• Appreciate some of the less intuitive points 
about streams, floodplains and riparian 
areas



Why do streams do what they do?



Will we propose a solution that will help?



Can we do anything that helps?



We will make all problems 
as simple as possible.  

But not more so.

- Albert Einstein



Common Sense is the collection 
of all our prejudices learned by 

age 18….

- Albert Einstein













Elevation Matters



Channel Forming Flow

• Often called bankfull, but that is a 
misnomer

• The flood elevation where the channel does 
the most ‘work’ (moving sediment and 
water)

• Look for the gravel and sand deposits to 
determine CFF elevation



Channel Forming Width

Channel Forming Depth





Rivers Flow in Corkscrews



Leopold, 1994

Properties of Open Channel Flow:
Velocity Distribution



• Usually logarithmically distributed
• Relative roughness determines the distribution shape
• The lower the relative roughness, the steeper the velocity 

gradient away from the banks
• The steeper the gradient, the more erosive
• Velocity distribution induces vortical flow

Properties of Open Channel Flow:
Velocity Distribution



Properties of Open Channel Flow:
Vortical Flow



• Conceptually, the stream flows in helix pairs 
(corkscrews)

• Each helix contains the same amount of energy
• Size of the helix is

proportional to channel 
roughness

• Small helix is 
very erosive

Properties of Open Channel Flow:
Vortical Flow





Properties of Open Channel Flow: Bed 
and Bank Roughness

• Relative bank roughness may determine where 
bank erosion will take place.

• Bed material size compared to depth is called 
relative roughness.  High values indicate 
constantly changing stream.  Low values more 
stable streams.



Roughness Matters



















Sediment Makes Roughness



Calculating Bed Shear Stress:



Calculating Bed Shear Stress:
For water flowing over a flat plate, with the surface 
and bed slopes are identical, and the depth and 
velocity constant and the width is infinite, the shear 
force per unit area exerted on the bed is given by:

If the width is limited, the Hydraulic Radius 
replaces the depth:

RSo  

dSo  









Floodplains Matter



• It Stabilizes streambanks with 
extensive root systems.
• It StabilizesStabilizes streambanks with 
extensive root systems.

• Provides fish and wildlife habitatProvides fish and wildlife habitat

• Shades the water

• Improves water qualityImproves water quality

General Riparian  Vegetation Concepts

Riparian vegetation is important because:Riparian vegetation is important because:

• Builds streambanks by catching 
sediment



Plant species composition varies among 
adjacent riparian plant communities.

WHY?WHY?WHY?
These communities differ mainly in their 
ability to obtain water along the moisture 
continuum from the water surface to the 

uplands.

General Riparian Vegetation Concepts



FLOODING

The most obvious controlling 
influence on the Composition, 

Structure, and Diversity of 
Riparian Plant Communities

IS?

The most obvious controlling 
influence on the Composition, 

Structure, and Diversity of 
Riparian Plant Communities

IS?



Flooding can 
eliminate many 

plant species.

Flooding can 
eliminate many 

plant species.

Flooding can favor the 
dominance by species 

that are able to tolerate 
periods of inundation.

Flooding can favor the 
dominance by species 

that are able to tolerate 
periods of inundation.



What is the most complex and diverse site 
on which to establish plants in a riparian 

zone?

It is NOT the wettest site!

It is NOT the driest site!

It is the area with the most diverse 
hydrologic regime!!!

General Riparian Vegetation Concepts



General Riparian Vegetation Concepts
Riparian Plant diversity is high in 

riparian zones because of:
Riparian Plant diversity is high in 

riparian zones because of:
The intensity and frequency of floods.The intensity and frequency of floods.

Small-scale variations in topography and 
soils as a result of lateral migration.
Small-scale variations in topography and 
soils as a result of lateral migration.

Variations in climate as streams flow 
from high elevation to low elevation.
Variations in climate as streams flow 
from high elevation to low elevation.

Disturbances to the riparian zone caused 
by upland changes.
Disturbances to the riparian zone caused 
by upland changes.



General Riparian Vegetation Concepts

Riparian vegetation tends to be a 
patchwork of different plant communities 
of various ages and successional patterns.

Patchwork is a result of changing

• Sediment types

• Sediment depths



General Riparian Vegetation Concepts

Magnitude,
Frequency,

and Duration
of flooding decrease laterally from the 

active water channel

Successional stages within 
riparian areas are a function of 
the distance from the channel

Successional stages within 
riparian areas are a function of 
the distance from the channel



General Riparian Vegetation ConceptsGeneral Riparian Vegetation Concepts



Recap

• Streams are not always intuitive
• Elevation Matters
• Rivers Flow in Corkscrews
• Roughness Matters
• Sediment Makes Roughness
• Floodplains Matter




