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Foreword

The U.S. Geological Survey (USGS) is committed to providing the Nation with reliable scientific informa-
tion that helps to enhance and protect the overall quality of life and that facilitates effective manage-
ment of water, biological, energy, and mineral resources (http.//www.usgs.gov/). Information on the
Nation's water resources is critical to ensuring long-term availability of water that is safe for drinking and
recreation and is suitable for industry, irrigation, and fish and wildlife. Population growth and increasing
demands for water make the availability of that water, measured in terms of quantity and quality, even
more essential to the long-term sustainability of our communities and ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 to support
national, regional, State, and local information needs and decisions related to water-quality manage-
ment and policy (http.//water.usgs.gov/nawga). The NAWQA Program is designed to answer: What is the
quality of our Nation's streams and groundwater? How are conditions changing over time? How do natural
features and human activities affect the quality of streams and groundwater, and where are those effects
most pronounced? By combining information on water chemistry, physical characteristics, stream habitat,
and aquatic life, the NAWQA Program aims to provide science-based insights for current and emerging
water issues and priorities. From 1991 to 2001, the NAWQA Program completed interdisciplinary assess-
ments and established a baseline understanding of water-quality conditions in 51 of the Nation's river
basins and aquifers, referred to as Study Units (http.//water.usgs.gov/nawqa/studies/study_units.html).

National and regional assessments are ongoing in the second decade (2001-2012) of the NAWQA
Program as 42 of the 51 Study Units are selectively reassessed. These assessments extend the findings
in the Study Units by determining water-quality status and trends at sites that have been consistently
monitored for more than a decade, and filling critical gaps in characterizing the quality of surface water
and groundwater. For example, increased emphasis has been placed on assessing the quality of source
water and finished water associated with many of the Nation’s largest community water systems. During
the second decade, NAWQA is addressing five national priority topics that build an understanding of how
natural features and human activities affect water quality, and establish links between sources of con-
taminants, the transport of those contaminants through the hydrologic system, and the potential effects of
contaminants on humans and aquatic ecosystems. Included are studies on the fate of agricultural chemi-
cals, effects of urbanization on stream ecosystems, bioaccumulation of mercury in stream ecosystems,
effects of nutrient enrichment on aquatic ecosystems, and transport of contaminants to public-supply
wells. In addition, national syntheses of information on pesticides, volatile organic compounds (VOCs),
nutrients, trace elements, and aquatic ecology are continuing.

The USGS aims to disseminate credible, timely, and relevant science information to address practical and
effective water-resource management and strategies that protect and restore water quality. We hope this
NAWAQA publication will provide you with insights and information to meet your needs, and will foster
increased citizen awareness and involvement in the protection and restoration of our Nation's waters.

The USGS recognizes that a national assessment by a single program cannot address all water-resource
issues of interest. External coordination at all levels is critical for cost-effective management, regulation,
and conservation of our Nation's water resources. The NAWQA Program, therefore, depends on advice
and information from other agencies—Federal, State, regional, interstate, Tribal, and local—as well as
nongovernmental organizations, industry, academia, and other stakeholder groups. Your assistance and
suggestions are greatly appreciated.

William H. Werkheiser
USGS Associate Director for Water
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Representation of Regional Urban Development Conditions
Using a Watershed-Based Gradient Study Design

By Silvia Terziotti, Gerard McMahon, and Amanda H. Bell

Abstract

As part of the U.S. Geological Survey National Water-
Quality Assessment Program, the effects of urbanization on
stream ecosystems (EUSE) have been intensively investigated
in nine metropolitan areas in the United States, including
Boston, Massachusetts; Atlanta, Georgia; Birmingham,
Alabama; Raleigh, North Carolina; Salt Lake City, Utah;
Denver, Colorado; Dallas—Fort Worth, Texas; Portland,
Oregon; and Milwaukee—Green Bay, Wisconsin. Each of
the EUSE study area watersheds was associated with one
ecological region of the United States. This report evaluates
whether each metropolitan area can be generalized across the
ecological regions (ecoregions) within which the EUSE study
watersheds are located. Seven characteristics of the EUSE
watersheds that affect stream ecosystems were examined to
determine the similarities in the same seven characteristics
of the watersheds in the entire ecoregion. Land cover
(percentage developed, forest and shrubland, and herbaceous
and cultivated classes), average annual temperature, average
annual precipitation, average surface elevation, and average
percentage slope were selected as human-influenced, climate,
and topography characteristics. Three findings emerged from
this comparison that have implications for the use of EUSE
data in models used to predict stream ecosystem condition.
One is that the predominant or “background” land-cover type
(either forested or agricultural land) in each ecoregion also is
the predominant land-cover type within the associated EUSE
study watersheds. The second finding is that in all EUSE study
areas, the watersheds account for the range of developed land
conditions that exist in the corresponding ecoregion water-
sheds. However, six of the nine EUSE study area watersheds
have significantly different distributions of developed land
from the ecoregion watersheds. Finally, in seven of the nine
EUSE/ecoregion comparisons, the distributions of the values
of climate variables in the EUSE watersheds are different
from the distributions for watersheds in the corresponding
ecoregions.

Introduction

The U.S. Geological Survey’s National Water-Quality
Assessment (NAWQA) Program initiated a study in 1999 to
investigate potential adverse effects of urban development on
stream water quality. The effects of urbanization on stream
ecosystems (EUSE) have been intensively investigated in nine
metropolitan areas in the United States, including Boston,
Massachusetts; Atlanta, Georgia; Birmingham, Alabama;
Raleigh, North Carolina; Salt Lake City, Utah; Denver,
Colorado; Dallas—Fort Worth, Texas; Portland, Oregon; and
Milwaukee—Green Bay, Wisconsin (fig. 1; Brown and others,
2009). The primary objectives of the EUSE study were to
examine the effects of urban development on physical, chemi-
cal, and biological characteristics of streams and determine if
the effects differ across the Nation.

A gradient design (Giddings and others, 2009) was used
in the EUSE study in which approximately 30 watersheds
were studied in each of the nine metropolitan areas. Together
these watersheds represented a gradient of urbanization,
ranging from low to high. To control for the effects on stream
ecosystem condition of factors other than urban development
(for example, climate and topography), EUSE watersheds in
each metropolitan area were located within regions having
relatively homogeneous environmental conditions, as defined
by each U.S. Environmental Protection Agency (USEPA)
Level III ecoregion (Omernik, 1995; fig. 1).

Purpose and Scope

The purpose of this report is to assess whether EUSE
findings from each metropolitan area can be generalized
across the Level III ecoregion within which the EUSE study
watersheds are located. Seven characteristics of the EUSE
watersheds that affect stream ecosystems were examined to
determine the similarities in the same seven characteristics
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Figure 1.
Level Il ecoregions (from Falcone and others, 2007).

of the watersheds in the entire ecoregion—Iand cover (the
percentage developed, forest and shrubland, and herbaceous
and cultivated), average annual temperature, average annual

precipitation, average elevation, and average percentage slope.

If the EUSE study watershed characteristics have a similar
distribution and range of values when compared to the same
characteristics of watersheds in the corresponding ecoregion,
the EUSE watersheds can be considered representative of
other similarly sized watersheds across the ecoregion, thereby
indicating each EUSE study can be generalized to other
locations within an ecoregion.

The nine metropolitan areas in the EUSE study (Boston,
Massachusetts; Atlanta, Georgia; Birmingham, Alabama;
Raleigh, North Carolina; Salt Lake City, Utah; Denver,
Colorado; Dallas—Fort Worth, Texas; Portland, Oregon; and
Milwaukee—Green Bay, Wisconsin) were compared to the
eight Level I1I ecoregions where they are located.

Effects of urbanization on stream ecosystems (EUSE) study areas and associated U.S. Environmental Protection Agency

Methods

To minimize natural variations that may affect stream
ecosystems, the majority of EUSE study watersheds for each
metropolitan area were selected from within one Level 111
ecoregion, which have been delineated on the basis of rela-
tively homogeneous environmental characteristics. For each of
the nine metropolitan areas, a group of similarly sized water-
sheds was identified from within the associated ecoregion, and
the following watershed characteristics were calculated using
geographic information system (GIS) processes:

1. Percentage of developed land

2. Percentage of forest and scrub/shrubland

3. Percentage of agriculture and grassland/herbaceous
land

Average annual precipitation
Average annual temperature
Average elevation

N0k

Average percentage slope



The variables were selected because they capture a
variety of anthropogenic, climatic, and surface topographic
characteristics, which are important in stream ecosystem
health. For each of these variables, characteristics of the EUSE
study watersheds are compared to the same characteristics
of similarly sized watersheds in the corresponding Level 111

Table 1.

watersheds.

Watershed characteristics used in the analysis of similarity.

Methods

ecoregion. This comparison is the basis for assessing the
degree to which EUSE study watersheds are representative of
the range and distribution of these characteristics across the
entire ecoregion. Table | lists the source and variables used
to characterize the ecoregion watersheds and the EUSE study

3

Variable

Source

Dataset used

Average annual air temperature
(TEMP)

Average annual precipitation
(PRECIP)

Average elevation (ELEV)

Average percent slope (SLOPE)

Percent developed (DEV)

Percent forest, scrub/shrubland
(FOR)

Percent agricultural, and
grassland/herbaceous (AG)

Climate variables

University of Montana, Numerical Terradynamic
Simulation Group, http.//www.daymet.org
(Daymet, 2005)

University of Montana, Numerical Terradynamic
Simulation Group, http.://www.daymet.org
(Daymet, 2005)

Topographic variables

U.S. Geological Survey, http://ned.usgs.gov
(U.S. Geological Survey, 2005)

U.S. Geological Survey, http://ned.usgs.gov
(U.S. Geological Survey, 2005)

Land-cover variables

Multi-Resolution Land Characteristics (MRLC)
Consortium, http://www.mrlc.gov
(Homer and others, 2004)

Multi-Resolution Land Characteristics (MRLC)
Consortium, http://www.mrlc.gov
(Homer and others, 2004)

Multi-Resolution Land Characteristics (MRLC)

Consortium, http://www.mrlc.gov
(Homer and others, 2004)

Daymet, 18-year mean of daily average air
temperature, in degrees Celsius, 1980-1997

Daymet, 18-year mean of total precipitation,
in centimeters, 1980-1997

National Elevation Dataset (NED), 1 arc-second
data (projected to 30 meter)

National Elevation Dataset (NED), 1 arc-second
data (projected to 30 meter), calculated to
percent slope

National Land Cover Database, 2001, land cover
class 21, 22, 23, 24

National Land Cover Database, 2001, land cover
class 41, 42,43, 52

National Land Cover Database, 2001, land cover
class 71, 81, 82
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Ecoregion Watershed Delineation

The minimum and maximum drainage areas for the
EUSE study watersheds were used as the criteria to select the
watersheds within each Level III ecoregion. In order to iden-
tify similarly sized watersheds within a Level III ecoregion,
the National Hydrography Dataset Plus (NHDPlus) application
was used. NHDPlus is an integrated suite of application-ready
geospatial data products that can be used to calculate water-
shed characteristics linked to a hydrologic flow network for
simulating watershed and stream-network processes (National
Hydrography Dataset Plus, 2009). NHDPlus includes a stream
network (currently based on the 1:100,000-scale NHD) and
“value-added attribute” (VAA) tables. The stream networks
and VAAs include greatly enhanced capabilities for upstream
and downstream navigation, analysis, and modeling. The
NHDPlus also includes a catchment layer, the drainage area
associated with each stream segment, as well as stream
segment, cumulative upstream segment, and watershed
characteristics.

Catchment areas within the boundary of each ecoregion
were selected from the NHDPlus datasets. These catchments
were joined with the VAAs that define the cumulative drainage
area. The minimum and maximum drainage area values of
EUSE watersheds were used as the threshold values for the
selection of catchments from the NHDPIus dataset. Because
the catchments are defined at confluences of streams, a smaller
catchment may be “nested” within a catchment that is above
the minimum threshold and below the maximum threshold
area (fig. 2). To reduce the number of nested watersheds used
for comparison, the nested watersheds within the minimum
and maximum values were aggregated, therefore weighting the
selection toward the larger watershed size. To capture water-
sheds that may have topographic or land-cover characteristics
specific to small watershed size, the minimum drainage area
value was used to select a second set of catchments that was
combined with the larger watersheds (fig. 3). The combina-
tion of these two sets of catchments, herein referred to as
“ecoregion watersheds,” composed the watersheds that were
used in the comparison with the corresponding EUSE study
watersheds. Because of the wide range of sizes in ecoregions,
the number of selected watersheds ranged from 297 to more
than 11,000 (table 2).

Table 2. Summary of EUSE study area and Level Il ecoregion watersheds.

[EUSE, effects of urbanization on stream ecosystems; km?, square kilometer]

Number of Range of Number of Range of
EUSE study ge ol watersheds in ge of Ecoregion
. . watersheds watershed size . . watershed size

metropolitan Level Ill ecoregion - . ecoregion with . . area

in EUSE in EUSE study in ecoregion )

area study (km?) comparable (km?) (km?)

watershed area
Portland Willamette Valley 28 12.6-103.8 297 12.6-102.8 14,884.66
Salt Lake City Central Basin and Range 30 0.1-28.9 11,081 0.1-28.9 309,971.94
Denver High Plains 28 4.1-558.6 2,881 4.1-557.7 288,319.69
Dallas Texas Blackland Prairie 29 26.8-291.4 435 26.8-289.5 43,381.95
Milwaukee Southeastern Wisconsin 30 11.2-118.8 616 11.2-117.9 31,350.28
Till Plains

Birmingham Ridge and Valley 30 4.7-54.4 4,543 4.7-54.3 116,715.91
Atlanta Piedmont 30 43.2-146.3 1,431 43.2-146.3 166,117.40
Raleigh Piedmont 30 4,9-82.5 6,512 4,9-82.5 166,117.40
Boston Northeastern Coastal Zone 30 459-124.7 313 459-124.6 42,067.24
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Representing Variations in Urban Gradients Among Study Units

Representing Variations in Urban Gradients Among Study Units

The amount and spatial distribution of land that is classified as “urban” varies across the Level |l ecoregions
where the EUSE study areas are located (Omernik, 1995). When examining watersheds of a given size, some
ecoregions, such as the Central Basin and Range ecoregion (Salt Lake City EUSE study area), have a relatively
small proportion of watersheds with a medium to high percentage of developed land; other ecoregions, such as the
Northeastern Coastal Zone (Boston study), have a larger proportion of watersheds with a medium to high percent-
age of developed land.

Cumulative distribution function (CDF) graphs can help visualize the skew within a population toward a characteris-
tic. The blue line in the figure represents the cumulative percentage of ecoregion watersheds, sorted and ranked by
the percentage of developed land cover. Any location along the blue line is interpreted in terms of the correspond-
ing locations along the X- and Y-axes. A straight line would indicate a uniform distribution, from 0 to 100 percent
developed with an equal number of watersheds representing each percentage of development. In reality, most
regions are more heavily weighted toward areas with little development and a few areas of high development. For
example, more than 95 percent of the watersheds in the Central Basin and Range ecoregion (Salt Lake City) have
less than 20 percent developed land (20 percent developed land on the X-axis intersects the blue line at a cumula-
tive percentage on the Y-axis at slightly greater than 95 percent). In the Northeastern Coastal Zone ecoregion
(Boston), the blue line has a more gradual shape than in the other ecoregions; more than 60 percent of the water-
sheds in this ecoregion have at least 20 percent developed land cover.
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Percentage urban development

Percentage of urban land cover cumulative distribution function (CDF) for (A) Salt Lake City, Utah,

and (B) Boston, Massachusetts. Red squares indicate the actual amount of developed land in the
approximately 30 EUSE study watersheds in a single ecoregion. The extent to which the EUSE study
watersheds represents the urban gradient in an ecoregion can be seen in the CDF plots by how evenly
the EUSE study watersheds (red squares) are spaced relative to the percentage developed land
(X-axis), irrespective of the shape of the blue line.
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Methods of Comparison

Descriptive statistics were used to compare the similari-
ties between the quantitative characteristics of ecoregion
watersheds and the EUSE watersheds. The ranges of values
for each of the watershed characteristics and the minimum,
first quartile, median, third quartile, maximum, and mean
values are presented in tabular form for all watersheds
(table 3). Boxplots are used to visualize the distribution
of watershed characteristics for the ecoregion watersheds
and the EUSE study watersheds. A cumulative distribution
function (CDF; Helsel and Hirsch, 2002) was compiled for
the developed, forested, and agricultural land-cover percent-
ages in the ecoregion watersheds; the respective land-cover
percentages for the EUSE watersheds in each ecoregion
are overplotted on the CDF to indicate which portions of
the cumulative distribution are represented by the EUSE
watersheds (sidebar, p. 7). A series of analytic maps are also
presented to aid in visually evaluating the similarity between
variable values of the EUSE study areas and different areas
of the associated ecoregion. The Kruskal-Wallis (K-W) test,
a nonparametric measure of similarity of medians between
two populations, is used to test whether each of the basin
characteristics have statistically similar distributions between

the EUSE and ecoregion watersheds (Helsel and Hirsch,
2002). A secondary analysis was performed using boxplots
to compare the EUSE and ecoregion watersheds that are
within similar ranges of urban development. The ecoregion
watersheds were subdivided into five development classes or
quintiles: 0-20 percent, 2040 percent, 40-60 percent, 60-80
percent, and 80—-100 percent developed (table 4). The number
of watersheds within each of these classes was compared to
the number of corresponding EUSE watersheds within the
development class. Analysis by development class relied
primarily on comparisons displayed on the boxplots. Limited
statistical analysis could be done because of the scarcity of
EUSE sites within some of the development classes.

Results

The nine EUSE study areas are located in eight different
Level III ecoregions (table 2). The similarly sized watersheds
in each ecoregion are one to three orders of magnitude greater
than the number of watersheds actually assessed in each EUSE
study area.



Table 3. Descriptive statistics for the EUSE and Level Ill ecoregion watersheds.

[EUSE, effects of urbanization on stream ecosystems]

Results 9

Average
Average
annual Average Average
annual A Percent Percent Percent
Study area temperature, L elevation, watershed X
degrees preclpltatlon, meters percent slope developed forest agriculture
X centimeters
Celsius
Willamette Ecoregion minimum 9.6 110.7 35 0.2 0.0 0.0 0.3
Valley watersheds Ist quartile 10.9 127.4 88.4 4.1 4.8 6.3 24.6
(count=297) median 11.3 138.7 142.3 9.7 7.7 26.9 442
3rd quartile 11.5 157.0 214.2 15.5 13.6 58.9 72.5
maximum 11.9 199.0 455.4 32.0 92.0 93.8 94.4
mean 11.2 142.9 160.1 10.4 14.7 33.8 47.6
range 2.4 88.3 451.9 31.8 92.0 93.8 94.0
Portland EUSE minimum 8.9 116.3 52.7 1.0 0.2 0.1 1.9
watersheds 1st quartile 10.2 126.8 114.5 8.3 34 17.7 7.6
(count=28) median 11.1 141.4 183.7 11.8 20.5 343 16.5
3rd quartile 11.4 173.1 282.7 16.6 60.1 72.4 33.7
maximum 11.8 204.7 621.3 329 97.8 94.6 58.5
mean 10.8 147.5 220.2 13.4 31.8 44.1 21.6
range 2.9 88.3 568.6 31.9 97.7 94.5 56.6
Central Basin Ecoregion minimum -1.4 10.5 896.0 0.0 0.0 0.0 0.0
and Range watersheds Ist quartile 7.6 23.2 1,558.8 6.3 0.0 90.7 0.0
(count=11,081)  median 8.7 30.5 1,752.2 12.9 0.0 98.4 0.5
3rd quartile 10.0 38.0 1,960.1 21.1 0.0 99.9 5.3
maximum 16.3 89.7 3,507.3 77.5 100.0 100.0 100.0
mean 8.8 315 1,777.2 14.7 0.9 89.2 7.2
range 17.7 79.3 2,611.2 717.5 100.0 100.0 100.0
Salt Lake City EUSE minimum 4.1 51.9 1,369.6 42 0.0 0.9 0.0
watersheds Ist quartile 9.6 63.4 1,409.1 9.3 44.5 7.1 0.7
(count=30) median 10.1 66.0 1,466.7 12.3 65.3 17.0 53
3rd quartile 10.4 68.8 1,496.9 22.7 73.8 35.0 9.5
maximum 11.1 115.2 2,353.1 57.8 96.9 99.8 32.7
mean 9.7 68.0 1,486.8 17.8 59.5 252 7.4
range 7.0 63.3 983.5 53.7 96.9 99.0 327
High Plains  Ecoregion minimum 6.5 31.4 712.8 0.2 0.0 0.0 0.0
watersheds Ist quartile 8.9 42.5 989.8 1.5 1.2 0.0 88.3
(count=2,881) median 10.5 46.3 1,130.5 2.9 25 0.3 95.4
3rd quartile 12.5 50.9 1,380.9 5.3 3.7 4.9 97.3
maximum 17.9 65.5 2,097.0 22.5 100.0 99.9 100.0
mean 10.8 46.7 1,191.2 4.1 3.7 7.0 88.1
range 11.5 34.0 1,384.1 22.3 100.0 99.9 100.0
Denver EUSE minimum 6.5 38.1 1,535.4 1.7 1.5 0.4 2.4
watersheds Ist quartile 9.1 40.5 1,615.7 4.1 15.1 1.8 28.0
(count=28) median 9.4 432 1,720.0 5.8 35.6 2.5 57.7
3rd quartile 9.6 454 1,772.9 8.3 64.8 4.1 79.8
maximum 9.9 46.8 2,023.6 12.4 90.4 15.7 95.0
mean 9.2 43.0 1,704.3 6.2 41.0 35 52.5
range 3.4 8.6 488.2 10.8 89.0 15.3 92.6
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Table 3. Descriptive statistics for the EUSE and Level Ill ecoregion watersheds.—Continued

[EUSE, effects of urbanization on stream ecosystems]

Average
Average
annual Average Average
Study area temperature, a!m_ual_ elevation, watershed Percent Percent P(_ercent
precipitation, developed forest agriculture
degrees . meters percent slope
X centimeters
Celsius
Texas Ecoregion minimum 17.1 71.0 60.2 0.8 0.4 0.0 0.1
Blackland watersheds Ist quartile 18.1 91.8 132.6 1.8 4.7 7.0 55.1
Prairie (count=435) median 18.8 101.2 160.5 2.3 6.1 12.6 74.1
3rd quartile 20.0 109.4 184.7 2.9 9.6 20.8 82.6
maximum 21.0 126.5 295.4 5.0 98.7 72.7 97.4
mean 18.9 101.0 161.6 2.4 14.6 16.3 65.6
range 3.9 55.5 2352 42 98.2 72.7 97.3
Dallas EUSE minimum 17.6 96.3 121.4 1.3 1.6 5.7 35
watersheds Ist quartile 18.2 101.4 140.4 1.8 3.1 11.1 42.7
(count=29) median 18.4 104.4 168.9 2.1 6.9 15.1 70.3
3rd quartile 18.5 105.8 196.3 2.8 21.3 25.0 76.9
maximum 18.7 111.3 220.3 3.7 88.8 34.4 85.7
mean 18.3 104.3 170.3 2.3 24.1 17.4 57.1
range 1.1 14.9 98.9 2.4 87.2 28.7 82.2
Southeastern Ecoregion minimum 6.7 76.9 191.4 0.1 1.2 0.0 0.0
Wisconsin watersheds Ist quartile 7.4 85.3 246.4 1.9 4.6 5.0 56.1
Till Plains (count=616) median 7.7 89.0 264.8 2.6 6.1 8.4 71.9
3rd quartile 8.1 91.2 282.5 3.6 11.3 14.1 81.3
maximum 9.0 96.8 341.4 8.6 100.0 55.0 96.7
mean 7.7 88.3 264.4 2.8 12.7 10.5 66.3
range 2.3 19.9 150.0 8.5 98.9 55.0 96.7
Milwaukee = EUSE minimum 6.8 78.6 201.8 1.0 32 0.7 0.0
watersheds Ist quartile 7.0 83.2 222.0 1.6 54 4.8 28.0
(count=30) median 7.4 85.2 2342 2.1 16.9 5.9 66.0
3rd quartile 8.3 88.6 247.6 2.7 61.9 10.9 78.4
maximum 8.7 90.6 272.9 33 99.1 23.0 88.0
mean 7.6 85.5 236.1 2.2 33.5 8.3 53.3
range 1.9 12.0 71.1 2.3 95.8 22.3 88.0
Ridge and Ecoregion minimum 6.4 89.7 87.5 1.2 0.0 0.2 0.0
Valley watersheds Ist quartile 10.0 109.0 238.2 9.6 3.7 41.0 8.7
(coun=4,543) median 11.5 1194 332.4 16.0 6.1 63.2 234
3rd quartile 14.2 137.7 497.0 21.3 10.5 82.7 42.3
maximum 17.2 160.0 1,199.5 444 96.4 100.0 93.7
mean 12.0 122.3 393.8 14.4 10.1 60.7 27.6
range 10.8 70.3 1,112.1 432 96.4 99.9 93.7




Table 3. Descriptive statistics for the EUSE and Level Ill ecoregion watersheds.—Continued

[EUSE, effects of urbanization on stream ecosystems]

Results 1

Average
Average
annual Average Average
annual A Percent Percent Percent
Study area temperature, L elevation, watershed X
precipitation, developed forest agriculture
degrees . meters percent slope
X centimeters
Celsius
Birmingham EUSE minimum 14.7 141.2 161.5 2.9 2.8 3.7 0.6
watersheds Ist quartile 15.7 145.6 193.4 8.6 13.5 36.4 33
(count=30) median 16.1 147.0 2314 11.0 36.4 44.8 9.8
3rd quartile 16.5 148.1 273.7 12.8 57.2 64.1 19.0
maximum 16.8 151.5 324.4 16.2 95.7 76.7 37.7
mean 16.0 146.7 234.9 10.5 40.1 46.0 11.7
range 2.1 10.3 162.9 13.2 92.9 73.0 37.1
Piedmont Ecoregion minimum 12.8 108.1 73.2 2.3 0.3 2.7 0.3
watersheds Ist quartile 143 117.1 151.6 5.1 4.2 479 18.1
(count=1,431) median 15.5 121.4 202.7 6.2 6.3 60.3 25.8
3rd quartile 16.4 130.4 263.6 7.7 10.9 69.4 343
maximum 17.7 168.6 504.6 20.4 96.4 97.6 62.0
mean 15.4 124.5 213.1 6.8 11.6 58.2 26.5
range 4.9 60.5 4314 18.1 96.2 94.9 61.7
Atlanta EUSE minimum 15.6 122.0 178.3 4.2 2.3 11.5 2.1
watersheds Ist quartile 15.9 128.9 255.2 53 6.3 39.6 12.4
(count=30) median 16.1 133.6 283.2 5.9 22.5 455 19.3
3rd quartile 16.6 138.3 309.1 6.6 41.8 62.1 259
maximum 17.5 140.8 350.0 11.0 85.4 74.8 39.7
mean 16.3 133.5 278.3 6.1 27.8 48.0 19.2
range 2.0 18.8 171.6 6.8 83.1 63.2 37.7
Piedmont Ecoregion minimum 12.4 107.0 52.3 1.4 0.0 0.1 0.0
watersheds Ist quartile 14.2 116.3 142.5 5.1 3.7 47.8 15.1
(count=6,512) median 15.4 120.7 200.7 6.3 5.7 61.5 24.8
3rd quartile 16.4 129.1 261.5 7.9 10.4 72.8 353
maximum 17.9 171.3 544.7 29.6 99.9 100.0 77.6
mean 15.3 123.9 207.9 7.0 11.4 59.6 259
range 5.5 64.3 492.4 28.2 99.9 99.9 77.6
Raleigh EUSE minimum 14.3 115.0 89.3 2.9 3.0 1.1 0.2
watersheds Ist quartile 14.6 118.2 139.9 4.7 18.7 16.7 4.1
(count=30) median 14.9 118.8 176.3 5.1 54.4 32.2 12.0
3rd quartile 15.3 120.0 2104 6.3 78.3 55.8 17.2
maximum 15.5 125.3 284.0 8.8 98.4 81.1 41.4
mean 14.9 119.2 180.0 5.4 50.3 35.7 13.1
range 1.2 10.4 194.7 5.9 95.4 80.0 41.2
Northeastern Ecoregion minimum 72 98.0 10.0 1.6 38 34 0.0
Coastal Zone watersheds Ist quartile 8.5 120.9 49.2 43 9.5 38.9 4.5
(count=313) median 9.3 1243 85.3 5.8 17.4 532 7.4
3rd quartile 10.0 130.1 136.6 7.1 35.5 66.5 11.5
maximum 12.0 139.6 288.7 12.1 93.5 84.8 62.9
mean 9.2 1245 99.2 5.9 25.0 51.1 9.7
range 4.8 41.6 278.8 10.5 89.6 81.4 62.9
Boston EUSE minimum 7.3 115.4 30.9 2.9 0.9 16.2 1.9
watersheds Ist quartile 8.1 120.6 64.4 4.8 3.7 422 4.2
(count=30) median 8.8 122.5 104.6 5.9 19.9 54.9 6.6
3rd quartile 9.4 126.0 150.0 7.3 37.8 75.5 9.4
maximum 9.9 136.2 236.3 8.4 76.4 85.0 12.8
mean 8.7 123.2 112.7 5.9 24.0 56.6 6.8
range 2.5 20.8 205.4 5.5 75.5 68.8 10.8




12 Representation of Regional Urban Development Conditions Using a Watershed-Based Gradient Study Design

Table 4. Distribution within percent development quintile class for the EUSE and Level Il ecoregion watersheds.
EUSE watersheds Ecoregion watersheds
EUSE stl_ldy Percent _ Number of Percent of Level Il Percent _ Number of Percent of
metropolitan  development in total number . development in total number
watersheds ecoregion watersheds
area watersheds of watersheds watersheds of watersheds
Portland 0-20 14 50 Willamette 0-20 240 80.81
20-40 5 17.86 Valley 20-40 26 8.75
40-60 2 7.14 40-60 14 4.71
60-80 2 7.14 60-80 11 3.7
80-100 5 17.86 80-100 6 2.02
28 100 297 99.99
Salt Lake City 0-20 2 6.67 Central Basin 0-20 10,992 99.2
2040 5 16.67 and Range 2040 41 0.37
40-60 6 20 40-60 25 0.23
60-80 11 36.67 60-80 12 0.11
80-100 6 20 80-100 11 0.1
30 100.01 11,081 100.01
Denver 0-20 10 35.71 High Plains 0-20 2,830 98.23
20-40 5 17.86 20-40 12 0.42
40-60 4 14.29 40-60 14 0.49
60-80 5 17.86 60-80 9 0.31
80-100 4 14.29 80-100 16 0.56
28 100.01 2,881 100.01
Dallas 0-20 21 72.41 Texas Blackland 0-20 369 84.83
20-40 1 3.45 Prairie 20-40 19 4.37
40-60 0 0 40-60 11 2.53
60-80 4 13.79 60-80 19 4.37
80-100 3 10.34 80-100 17 391
29 99.99 435 100.01
Milwaukee 0-20 16 53.33 Southeastern 0-20 523 84.9
20-40 4 13.33 Wisconsin 20-40 49 7.95
40-60 2 6.67 Till Plains 40-60 20 3.25
60-80 3 10 60-80 13 2.11
80-100 5 16.67 80-100 11 1.79
30 100 616 100
Birmingham 0-20 9 30 Ridge and 0-20 4,049 89.13
20-40 7 23.33 Valley 20-40 315 6.93
40-60 8 26.67 40-60 90 1.98
60-80 3 10 60-80 55 1.21
80-100 3 10 80-100 34 0.75
30 100 4,543 100
Atlanta 0-20 13 43.33 Piedmont 0-20 1,235 86.3
2040 9 30 20-40 103 7.2
40-60 3 10 40-60 50 3.49
60-80 4 13.33 60-80 31 2.17
80-100 1 3.33 80-100 12 0.84
30 99.99 1,431 100
Raleigh 0-20 9 30 Piedmont 0-20 5,630 86.46
20-40 4 13.33 20-40 458 7.03
40-60 3 10 40-60 199 3.06
60-80 7 23.33 60-80 159 2.44
80-100 7 23.33 80-100 66 1.01
30 99.99 6,512 100
Boston 0-20 15 50 Northeastern 0-20 170 54.31
20-40 8 26.67 Coastal Zone 20-40 84 26.84
40-60 4 13.33 40-60 36 11.5
60-80 3 10 60-80 11 3.51
80-100 0 0 80-100 12 3.83
30 100 313 99.99




Portland

The Portland, Oregon, EUSE study area includes
28 watersheds that are located primarily in the Willamette
Valley Level IIT ecoregion (Omernik, 1995; app. 1). This
ecoregion is composed of a long river valley, which receives
moderate amounts of rainfall, and contains most of Oregon’s
population and commercial centers. It is also an important
agricultural center for the State. Landforms consist of terraces
and flood plains that are interlaced and surrounded by rolling
hills (Falcone and others, 2007). Soil textures range from fine
to medium-coarse. Slope and elevation in the area vary greatly
from the lowland valleys to the foothills mountain range. The
climate is mild with cool, wet winters and warm, dry summers
(McKnight, 2004).

The major metropolitan centers in the area are Portland,
Vancouver, Beaverton, Salem, Corvallis, and Eugene with
a combined 2000 population of 2.7 million, a 24 percent
increase from 1990 (U.S. Census Bureau, 2009). Portland
is the dominant commercial center in the study area with
extensive port facilities on the Columbia and Willamette
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Rivers. The economy includes forestry and timber processing;
fruit, wheat, and specialized farming; dairying; food process-
ing; and tourism (McKnight, 2004).

Climate Variables

The Willamette Valley Level I1I ecoregion has the
smallest area of those in the EUSE study, and climate vari-
ability within the ecoregion is small (tables 3, 5; figs. 44, B;
54, B). The Portland EUSE watersheds are broadly distributed
throughout the ecoregion, thus climate characteristics of the
EUSE and ecoregion watersheds are similar. Small portions
of the EUSE watersheds are outside the Willamette Valley
ecoregion, extending into more mountainous adjacent
ecoregions. EUSE watersheds include a lower range of
temperature values and a higher range of precipitation values
than ecoregion values because the EUSE watersheds include
more extreme environments of adjacent ecoregions. The K-W
test confirms that there is no significant difference between the
EUSE and ecoregion watershed temperature and precipitation
characteristics (table 5).

Table 5. Kruskal-Wallis test for similarity between EUSE watersheds and Level Ill ecoregion watersheds.

[NS = populations are not statistically different at 0.01 significance level; EUSE higher = the median value of the EUSE watersheds is higher than the
ecoregion median; EUSE lower = the median value of the EUSE watersheds is lower than the ecoregion median]

Average Average Average
EUSE study annual g Average g
. Level IlI annual . watershed Percent Percent Percent
metropolitan . temperature, L elevation, -
ecoregion precipitation, percent developed forest agriculture
area degrees . meters
. centimeters slope
Celsius
Portland Willamette NS NS NS NS NS NS EUSE lower
Valley
Salt Lake Central Basin | EUSE higher | EUSE higher | EUSE lower | EUSE lower | EUSE higher | EUSE lower | EUSE higher
City and Range
Denver High Plains EUSE lower | EUSE lower | EUSE higher | EUSE higher | EUSE higher | EUSE higher | EUSE lower
Dallas Texas EUSE lower NS NS NS NS NS NS
Blackland
Prairie
Milwaukee Southeastern NS EUSE lower | EUSE lower | EUSE lower | EUSE higher NS NS
Wisconsin
Till Plains
Birmingham | Ridge and EUSE higher | EUSE higher | EUSE lower NS EUSE higher | EUSE lower | EUSE lower
Valley
Atlanta Piedmont EUSE higher | EUSE higher | EUSE higher NS EUSE higher | EUSE lower | EUSE lower
Raleigh Piedmont NS NS NS EUSE lower | EUSE higher | EUSE lower | EUSE lower
Boston Northeastern | EUSE lower NS NS NS NS NS NS
Coastal
Zone
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Figure 4. Summary of Willamette Valley Level Ill ecoregion and Portland EUSE watershed characteristics, including (A) average
annual temperature, (B) average annual precipitation, (C) elevation, (D) percent slope, and (E) percent land cover.
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Figure 5. Summary of Willamette Valley Level Il ecoregion watershed characteristics, including (A) average annual temperature,
(B) average annual precipitation, (C) elevation, (D) 