
Watersheds and Hydrology

What’s Water Got to Do with It?

• More water moves through ecosystems than any 
other material

• The materials that it carries and deposits and the 
energy that it expends are major drivers in 
shaping the contour of the land and the habitat 
availability/suitability for organisms.

• A resource that humans cannot live without 



Streams and Hydrology
Learning Objectives

• Where do we find water?

• What is a stream

• How many dimensions does a stream have?

• How do we characterize stream water?

• What do we want to know about stream flow?



Question 1 

Where do we find water? 



Global distribution of water 



Global distribution of sea and freshwater
Water Storage
Reservoir

Percent (%)
of total

Percent (%) 
freshwater

Oceans 96.5 0
Ice and Permanent Snow 1.74 68.7
Groundwater 1.7 30.1
Lakes 0.013 0.91
Soil Moisture including 

permafrost
0.023 0.26

Atmosphere 0.001 0.04
Streams, Rivers, Swamps 0.001 0.036
Biosphere 0.0001 0.003
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Question 2 What is a stream?
Snohomish County 30.62

A stream is defined as a reach, flowing on a perennial or seasonal basis having a
continuous channel bed, whether or not the bed or banks of the reach are locally 
obscured by overhanging or bridging vegetation or soil mats, if the channel bed:

1. is scoured by water, or
2. contains observable deposits of mineral alluvium.

The primary feature for determining whether a watercourse is a stream is the presence of a continuous channel bed. If a continuous channel bed exists, then 
either one of two other key features must be present demonstrating fluvial processes; that is, where flowing water has:
1. scoured the channel bed, or
2. deposited any amount of mineral alluvium within the channel.
Water flow in the channel may be perennial, ephemeral, or intermittent.

Channel bed
The channel constitutes the linear "vessel," boundary or lining within which water, sediment and debris move downstream. The floor of the channel is commonly 
termed the bed, and the walls are the banks. Channels are incised into the terrain to various degrees due to the process of fluvial erosion. The channel must be 
continuous in order for water, sediment and debris to be transferred downstream. The boundary can be either alluvial (water-borne material) or non-alluvial 
(geological materials not deposited by streamflow and include bedrock, morainal tills and coarse colluvium). The channel bed (i.e., the stream) ceases to exist, 
that is, is discontinuous where flow seeps into the ground.

Banks
Most streams also have definable, visibly continuous banks. However, the banks of some smaller streams may be discontinuous. In these cases, the banks and 
channel bed of short segments of stream may not be visible due to the presence of bridging or overhanging vegetation, or the stream has scoured a channel 
underneath rooted mats of soil. In other cases, segments of the channel might be filled to the crest of the banks with colluvial deposits as a result of debris jams. 
However, in all cases, the channel should be detectable 

Colluvium Alluvium



1
5 V = 2 m/s

A = 3 m2

n = 0.04
t = 120 N/m2

B-IBI = 23
pH = 7.2
TDS = 110 mg/l
DO = 8.3 mg/l
D50 = 10 cm

Engineering view of a stream

Ecological view of a stream

Adapted from Gordon et al. 1992



Frissell et al. 1986

Hierarchy of stream and 
habitat subsystems



What do we want to know about 
stream channels? 

• Slope
• Width
• Type
• Substrate
• Form 



Pools, Riffle, & Glides





Ordinary High Water Mark



Slide by Jeff Grizzel



Ordinary High Water Mark (OHWM)
• A high water mark is a point that 

represents the maximum rise of a body of 
water over land.

• The OHWM
– Regulatory term
– Differentiates upland and lowland vegetation 

OR stream from riparian area
– Usually based on 2 year flood event



Stream & Water types in 
Washington

• M – Marine 
• S – shorelines
• F – Fish bearing
• Np – Non fish bearing but perennial flow
• Ns – Non fish bearing, only seasonal 

(intermittent) flow

www.dnr.wa.gov/BusinessPermits/Topics/ForestPracticesApplications/
PermitPages/fp_watertyping.aspx



WA DNR Stream Types
Types: S, F, Np, Ns

• Type S waters: Shorelines of the state AKA Shorelines. 
– also include periodically inundated areas of associated wetlands, larger lakes and 

rivers as well as tidally influenced areas.
– Replaces type 1

• Type F waters: Fish Streams 
– Not Type S waters
– Contain fish…(and other stuff)
– Replaces type 2

• Type Np waters: Non-fish, perennial streams
– Perennial - do not go dry at any time during a year of normal rainfall (can contain dry 

side channels)
– Do not contain fish – NATURAL fish barrier downstream, but are perennial

• Perennial means waters that do not go dry at any time during a year of normal 
rainfall. 

– Replaces type 3,4
• Type Ns waters: Non-fish, seasonal streams

– Not Type S, Type F or Type Np waters. 
– Seasonal, non-fish habitat
– Surface flow is not present for at least some portion of a year of normal rainfall
– Replaces type 4,5 http://www.dnr.wa.gov/Publications/fp_hcp_12ch4b

.pdf
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Question 3

How many dimensions does a 
stream have?



Question 
How many dimensions
does a stream have?

1. Longitudinal (upstream to downstream)

2. Lateral  (bank to bank and valley wall to valley wall)

3. Vertical (water surface to bed to hyporheic to groundwater)

4. Temporal (time: seconds to millennia)



Longitudinal Changes in Streams
Certain 
characteristics of 
streams change 
‘predictably’ from 
upstream to 
downsteam
– Channels become 

wider
– Channels become 

deeper
– Flow becomes 

slower, but greater 
in volume



Slide modified from Gordon Holtgrieve



Slide by Gordon Holtgrieve



Longitudinal Changes – Reach Scale
• Longitudinal changes are 

also observed at shorter 
scales than the entire 
river length

• We call this shorter scale 
the “reach” scale

• One example of reach 
scale changes is the pool-
riffle pattern found in 
many streams draining 
areas with medium
gradients

• Riffle is an area of rapid 
flow over coarse substrate 
(sediment) whereas the 
pool is a slower flowing 
stretch with finer substrate



Lateral Patterns
There are also some 
predictable changes laterally

• The stream has its low flow 
channel, the low point of 
which is the thalweg

• The stream has banks 
which define its frequent 
flow limit

• The stream has a 
floodplain which defines its 
flow limit on less frequent 
events, annual or lesser 
frequency 

Thalweg



Lateral Features
As rivers increase in size they develop a complex 

floodplain system



Lateral Patterns

Some streams 
and rivers will 
have a single 
dominant 
channel while 
others have a 
network of 
interwoven 
channels









Vertical dimensions

• Velocity changes with depth in stream 
channel

Diagram by:Eric G. Paterson, Department of Mechanical and Nuclear Engineering, The Pennsylvania State University





Vertical Features

Exchanges occur with groundwater just below the stream
Hyporheic interactions (below stream)



In-Stream Lateral and Vertical Patterns



Riparian Lateral and Vertical Patterns
• In many large alluvial valleys, creatures that live in ground 

water and hyporheic water can be found in the subsurface 
water kilometers from the stream.  

• In other words, stream extends well beyond visible channel. 



Temporal dimension
Stream flow changes

Seconds → Hourly → Daily → Monthly → Seasonally → Annually → Millennium
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What are the major 
physical, chemical, and biological components

used to characterize water quality?



Biological and Ecological Components:
Selected Important Habitat Factors

• Flow velocity
• Substrate
• Light
• Temperature
• Hydrologic, nutrient and sediment regimes

• Organic input and transport
• pH
• Oxygen levels
• Toxics and other pollutants

• Food availability
• Biological communities (BIBI)
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What do we want to know about 
stream flow?

• Magnitude  - how much?
• Frequency  - how often?
• Timing        - when?
• Duration      - how long?
• Rate of change – how fast?

Question 5

Magnitude, Frequency, Timing, Duration, Rate of change



1982

Magnitude, Frequency, Timing, Duration, Rate of change



Mean daily flow (cfs)
Juanita Creek  Water Year 2010

May
Oct

Magnitude, Frequency, Timing, Duration, Rate of change



Mean May Discharge
Juanita Creek

Magnitude, Frequency, Timing, Duration, Rate of change



October flows – Juanita Creek

Magnitude, Frequency, Timing, Duration, Rate of change



November flows – Juanita Creek

Magnitude, Frequency, Timing, Duration, Rate of change



Mean Daily Flow
Juanita Creek (cfs)



Oct 12 midnight
Oct 13 midnight

Magnitude, Frequency, Timing, Duration, Rate of change



15 minute flows
Juanita Creek May 27-29, 2004
May 
27

May 
29

May 28

Magnitude, Frequency, Timing, Duration, Rate of change



Seasonal Variation

227

Magnitude, Frequency, Timing, Duration, Rate of change



Take – home messages
• Flow regimes play a major role in habitat formation 

and maintenance

• Land-use alters flow paths and storage components 
→ flow regimes

• Effects vary with spatial and temporal scales

• Don’t forget the basic processes involved


