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Response

Ecology

Watershed Functions
• Collection
• Storage
• Discharge

• Reactions
• Habitat

• Attenuation
• Flushing

Hydrology

Watershed Characteristics

• Physical 
• Climate
• Stream order
• Urbanization gradient

Roads, mining, 
agriculture, residential, 
industry

Cammon, 1998

Collection

• Surface
• Relief
• Slope
• Conveyance
• Channel

Urban 
Collection

Urban Watershed 
Streams
Ditches
Roads
Pipes

Trenches

Change of function:
3‐4x the density of  natural 
drainage network

Development process: 
Remove vegetation 
Drain the land

Storage
Natural Watershed 

•Relief
•Soil

•Vegetation
•Channels

Urban Watershed 
•Harvest

•Retention
•Detention

•GIPs

Development process 
reduces storage

1. Vegetation and soil removal
2. Relief reduction
3. Soil compaction
4. Surface sealing
5. Biomass reduction



Urban 
Storage 

• Wetlands, ponds
• Flood plains
• Detention, GIPs

Watershed Discharge

Calculated 
Storage

Gaged flow for
2011 water year 
Daddy’s Creek
Obed River 

Average Annual 
Hydrograph

Potential 
Evapotranspiration

Urban 
Discharge

Q = P‐S‐ET

Development process
shortens travel time
reduces storage

• Length
• Slope
• Roughness

http://www.epa.gov/caddis/ssr_urb_hyd1.html

Biogeochemical Reactions

• Dynamic three 
dimensional 
interface continuum 

(Fluvial hydrosystem approach)

• Longitudinal, lateral 
and vertical transfers 
of energy, material 
and biota

• Sediment transport

Petts 1996

Biogeochemical Reactions
Development process effects

• Increased heat and 
light input

• Increased pollutant 
concentrations

• Reduced nutrient 
uptake

• Reduced quality of 
biotic indices 

Walsh et al.  2005

Habitat
• Life supporting system with a 
pulse of bidirectional 
interactions over range of 
spatial and temporal scales

• Nested hierarchy of 
subsystems creates diversity 
patterns at various levels 

• Variability of hydrological and 
geomorphological processes  
determine the  types of 
habitat patches and the 
strength, duration and 
frequency of their 
connectivity

http://water.usgs.gov/nawqa/protocols/OFR‐93‐408/habitp5.html



Habitat
Development process effects

• Hydromodification
• Reduced canopy
• Loss of stream buffer
• Increased bank erosion
• Reduced diversity and 
connectivity

http://www.epa.gov/caddis/ssr_urb_phb1.html

Watershed Integrated Response

• Watersheds balance inputs, resources and 
constraints resulting in integrated response of 
attenuation and flushing. 

• Level of knowledge of hydrologic and ecological 
functions and leveraging of watershed adaptive 
capacity is reflected in stormwater management 
and municipal operations.  

• Watershed provides ecosystem services for local 
economy, recreation, public involvement, 
education and health of the community.

Management 
Framework

• Inventory of assets
• Monitoring as 
feedback

• Actionable 
information

• Municipal 
integrated strategy

Platt  2006

“The blind forces of urbanization, flowing 
along the lines of least resistance, show 
no aptitude for creating an urban and 
industrial pattern that will be self‐
sustaining and self‐renewing.”

Lewis Mumford (1895‐1990)
The Natural History of Urbanization

1956
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