
Urbanization and Stream Ecosystem 
Sustainability

• How do stream ecosystems (biophysical and chemical 
environment) respond to land-use changes associated 
with urbanization?

• How can this information and knowledge be used to 
promote sustainability of urban environments and stream 
ecosystems?



Streams with high levels of 
urbanization

Boston, MA

Birmingham, AL

Salt Lake City, UT



Urban Intensity Index

• Multimetric index based on population 
density, infrastructure, socioeconomic 
factors, and land-cover*. Range of values 
increase with urbanization from 1 to 100

• Consistent and objective indicator of 
urbanization for site selection and data 
analysis.

* McMahon and Cuffney, 2000 http://water.usgs.gov/nawqa/ecology/pubs/index.html

http://water.usgs.gov/nawqa/ecology/pubs/index.html


Sites located in 
Northeastern 
Coastal Zone 

Ecoregion

BOSTON

Major lakes

Major rivers

Urban Index 
0 - 12

12 - 20

20 - 32

32 - 40

Greater than 40

NECB NAWQA 
study unit boundary



Physical and Chemical Responses 
to Urbanization

Habitat quality declined with urbanization due to 
increases in siltation and embeddedness
Specific conductance and the number of 
pesticides detected increased in all studies
Total nitrogen increased in Boston
Total phosphorus increased in Salt Lake City and 
Boston
No nutrient response in Birmingham.
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R = 0.86       
p < 0.001

R = 0.81       
p < 0.0001 R = 0.55       

p = 0.004

Total number of 
pesticides increased 
with urbanization
Common insecticides were 
diazinon and chlorpyrifos

Spearman rank correlations
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Response of Aquatic Invertebrates and 
Fish to Urbanization

• The number of pollution tolerant aquatic invertebrate 
species increased with urbanization.

• Fish species richness declined with urbanization in 
Boston and Birmingham



The number of tolerant aquatic invertebrate species 
increased with increased urban intensity

y = 0.0223x + 3.9747
R2 = 0.53

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

0 50 100 0 50 100

Y=0.0178x+4.2834
R2 = 0.59

0 50 100

Y=0.0222x+3.7108
R2 = 0.80R

ic
hn

es
s-

ba
se

d 
to

le
ra

nc
e

Urban Intensity Index

Salt Lake City Birmingham Boston



Stream ecosystems 
showed change with as 
little as 3-4% 
urbanization in the 
watershed

From 3-20% 
urbanization, 
significant changes 
occurred

Greater than 20% 
urbanization, the 
change slowed or 
stopped – this was 
the threshold point

Boston



Summary

• Urbanization negatively affects stream 
ecosystems through alteration of physical 
habitat, increases in contaminants, and 
negative responses in aquatic communities.

• This negative effect begins at very low levels 
of urbanization and responses vary regionally 
and among aquatic organism groups



“A Decision Support System (DSS) is a 
spatially based computer application or 

data that assists a researcher or 
manager in making decisions” (UMESC, 2003)

…decision support, not decision making…





A GIS Data Viewer shows where sensitive environmental layers are located 
within a planning area



Best Management Practices (BMP) Report

• Planning, 
Construction, Post-
Construction Phases

• Reports designed to 
be first step, not 
conclusive BMP 
manual

… draft
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