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EUSE: Effects of Urbanization 
on Stream Ecosystems

T.F. Cuffney and G. McMahon
U.S. Geological Survey

North Carolina Water Science Center

Raleigh, NC

National Water-Quality Assessment Program

EUSE studies

• Started in 1999 (BOS, BIR, SLC)

• Responses to urbanization….
• Biological (fish, invertebrates algae) 

• Physical (hydrology, temperature, habitat)

• Chemical (nutrients, pesticides, organics)

• Identify the primary environmental factors 
associated with these responses 

• Develop predictive models

EUSE: Nine metropolitan areas Study design

• Define a population of basins of similar size (2-3 
order) within a study area (Piedmont of NC).

• Divide basins into groups with similar natural 
environmental features (environmental setting).

• Calculate urban intensity index for each candidate 
basin.

• Select 30 sites to obtain a representation of the 
gradient of urban intensity within as homogenous a 
natural environmental setting as possible.
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Verify conditions with field reconnaissance

Characterizing Urban Intensity

Locally-scaled multimetric index

Nationally-scaled multimetric index

Variables Considered for Urban 
Intensity Indices

• Census variables: 66

• Land cover: 87
– % Basin area

– % Buffer area

– Distance weighted

– Stream segment

– Fragmentation (FragStats)

• Infrastructure: 6

Selecting UII variables
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National Index Variables

• 3-Variables in index:
– Housing Unit Density: Census variable

– % Developed Lands: Land cover variable

– Road Density: Infrastructure

• Range standardized index: 0-100 in each 
metropolitan area.

• Metropolitan area national urban intensity 
index (MA-NUII)

Rates differ by metro area

SLOPES: % developed land vs. 2000 popl'n density
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Need to adjust urban intensity 
indices to reflect differences 
among metropolitan areas

Convert index variables to percentage 
of values at maximum observed 

population density

National Index Variables

Two indices with different scaling….

– Metropolitan area national urban intensity 
index (MA-NUII): scaled 0-100 for each 
metropolitan area.

– National urban intensity index (NUII): 
scaled 0-100 for all 9 cities based on 
maximum 2000 population density.

Indicators of Urban Intensity
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Local: MA-NUII National: NUII

Sampling

• Biota (invertebrates, fish, algae) once at summer 
low flow.

• Water chemistry: 
– low- and high-base flow sampling (nutrients, 

pesticides, field parameters).

– Semi-permeable membrane devices (SPMD): 
lipophilic compounds (pesticides, PAHs, etc.): 4-6 
week deployment

• Hydrology: continuous stage.

• Water temperature: continuous.

• Habitat: once at 11 transects.

Invert Response: MA-NUII & NUII
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Antecedent Land Cover EPT taxa richness: Differences between High (MA-
NUII ≥ 70) and Low (MA-NUII ≤ 10) urban sites

0

2

4

6

8

10

12

14

16

18

BOS RAL ATL BIR MGB DEN DFW SLC POR

M
ay

fl
y+

S
to

n
ef

ly
+

C
ad

d
is

fl
y 

R
ic

h
n

es
s

Environmental variables strongly 
correlated with invertebrate responses

Census
Popl’n density (5/9)

Housing density (5/9)

% popl’n in urban (5/9)

Land cover
% developed (5/9)

% impervious (5/9)

Infrastructure
Roads (5/9)

Chemistry
Conductivity (3/9)

Sulfate (3/9)

Pesticides detected (4/9)

Toxicity: TEQ (4/9)

Hydrology
Flashiness: rise/fall (2/9)

Temperature
Summer average (3/9)

Habitat (1/9)

Urbanization and responses to 
urbanization are strongly affected by 

local and regional scale variables 

Need a relatively straight forward 
method of incorporating local and 

regional predictors

Hierarchical Multilevel Modeling

• Overview: Song Qian

• Invertebrate responses: Roxolana
Kashuba and Boknam Lee

• Fish and algae: Ibrahim Alameddine
and Yoon Kyung Cha

Cooperative project between USGS 
and Duke University


