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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/nawqa). 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 
NAWQA 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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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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of the watersheds in the entire ecoregion—land 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 III ecoregions where they are located. 

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 III 
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
4.	 Average annual precipitation
5.	 Average annual temperature
6.	 Average elevation
7.	 Average percentage slope
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Figure 1.  Effects of urbanization on stream ecosystems (EUSE) study areas and associated  U.S. Environmental
Protection Agency Level III ecoregions (from Falcone and others, 2007).
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Figure 1.  Effects of urbanization on stream ecosystems (EUSE) study areas and associated U.S. Environmental Protection Agency  
Level III ecoregions (from Falcone and others, 2007). 
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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 III 

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 1 lists the source and variables used 
to characterize the ecoregion watersheds and the EUSE study 
watersheds.

Table 1.  Watershed characteristics used in the analysis of similarity.

Variable Source Dataset used

Climate variables

Average annual air temperature 
(TEMP)

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

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

Average annual precipitation 
(PRECIP)

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

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

Topographic variables

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

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

Average percent slope (SLOPE) U.S. Geological Survey, http://ned.usgs.gov  
(U.S. Geological Survey, 2005)

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

Land-cover variables

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

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

Percent forest, scrub/shrubland 
(FOR)

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

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

Percent agricultural, and  
grassland/herbaceous (AG)

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

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 NHDPlus 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 III ecoregion watersheds.

[EUSE, effects of urbanization on stream ecosystems; km2, square kilometer]

EUSE study  
metropolitan  

area
Level III ecoregion

Number of 
watersheds 

in EUSE 
study

Range of  
watershed size 
in EUSE study 

(km2)

Number of 
watersheds in 
ecoregion with 

comparable  
watershed area

Range of  
watershed size 

in ecoregion 
(km2)

Ecoregion 
area  
(km2)

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 

Till Plains
30 11.2–118.8 616 11.2–117.9 31,350.28

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 45.9–124.7 313 45.9–124.6 42,067.24
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Figure 2.  National Hydrography Dataset Plus (NHDPlus) nested catchment areas, Raleigh, North Carolina,
metropolitan area.
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Figure 2.  National Hydrography Dataset Plus (NHDPlus) nested catchment areas, Raleigh, North Carolina, 
metropolitan area.
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Figure 3.  Examples of aggregated National Hydrography Dataset Plus (NHDPlus) watersheds 
used for analysis of basin characteristics.
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Figure 3.  Examples of aggregated National Hydrography Dataset Plus (NHDPlus) watersheds
used for analysis of basin characteristics.
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National Hydrography Dataset,
1:100,000-scale digital data

0 3 MILES
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EXPLANATION

Representing Variations in Urban Gradients Among Study Units 
The amount and spatial distribution of land that is classified as “urban” varies across the Level III 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.

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, 20–40 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. 
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Table 3.  Descriptive statistics for the EUSE and Level III ecoregion watersheds.—Continued

[EUSE, effects of urbanization on stream ecosystems]

Study area

Average 
annual 

temperature, 
degrees 
Celsius

Average  
annual 

precipitation, 
centimeters

Average 
elevation, 

meters

Average 
watershed 

percent slope

Percent 
developed

Percent  
forest

Percent 
agriculture

Willamette 
Valley 

Ecoregion 
watersheds 
(count=297)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

9.6
10.9
11.3
11.5
11.9
11.2
2.4

110.7
127.4
138.7
157.0
199.0
142.9
88.3

3.5
88.4

142.3
214.2
455.4
160.1
451.9

0.2
4.1
9.7

15.5
32.0
10.4
31.8

0.0
4.8
7.7

13.6
92.0
14.7
92.0

0.0
6.3

26.9
58.9
93.8
33.8
93.8

0.3
24.6
44.2
72.5
94.4
47.6
94.0

Portland EUSE  
watersheds 
(count=28)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

8.9
10.2
11.1
11.4
11.8
10.8
2.9

116.3
126.8
141.4
173.1
204.7
147.5
88.3

52.7
114.5
183.7
282.7
621.3
220.2
568.6

1.0
8.3

11.8
16.6
32.9
13.4
31.9

0.2
3.4

20.5
60.1
97.8
31.8
97.7

0.1
17.7
34.3
72.4
94.6
44.1
94.5

1.9
7.6

16.5
33.7
58.5
21.6
56.6

Central Basin 
and Range 

Ecoregion  
watersheds  
(count=11,081)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

–1.4
7.6
8.7

10.0
16.3
8.8

17.7

10.5
23.2
30.5
38.0
89.7
31.5
79.3

896.0
1,558.8
1,752.2
1,960.1
3,507.3
1,777.2
2,611.2

0.0
6.3

12.9
21.1
77.5
14.7
77.5

0.0
0.0
0.0
0.0

100.0
0.9

100.0

0.0
90.7
98.4
99.9

100.0
89.2

100.0

0.0
0.0
0.5
5.3

100.0
7.2

100.0
Salt Lake City EUSE  

watersheds 
(count=30)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

4.1
9.6

10.1
10.4
11.1
9.7
7.0

51.9
63.4
66.0
68.8

115.2
68.0
63.3

1,369.6
1,409.1
1,466.7
1,496.9
2,353.1
1,486.8

983.5

4.2
9.3

12.3
22.7
57.8
17.8
53.7

0.0
44.5
65.3
73.8
96.9
59.5
96.9

0.9
7.1

17.0
35.0
99.8
25.2
99.0

0.0
0.7
5.3
9.5

32.7
7.4

32.7

High Plains Ecoregion 
watersheds 
(count=2,881)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

6.5
8.9

10.5
12.5
17.9
10.8
11.5

31.4
42.5
46.3
50.9
65.5
46.7
34.0

712.8
989.8

1,130.5
1,380.9
2,097.0
1,191.2
1,384.1

0.2
1.5
2.9
5.3

22.5
4.1

22.3

0.0
1.2
2.5
3.7

100.0
3.7

100.0

0.0
0.0
0.3
4.9

99.9
7.0

99.9

0.0
88.3
95.4
97.3

100.0
88.1

100.0
Denver EUSE  

watersheds 
(count=28)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

6.5
9.1
9.4
9.6
9.9
9.2
3.4

38.1
40.5
43.2
45.4
46.8
43.0
8.6

1,535.4
1,615.7
1,720.0
1,772.9
2,023.6
1,704.3

488.2

1.7
4.1
5.8
8.3

12.4
6.2

10.8

1.5
15.1
35.6
64.8
90.4
41.0
89.0

0.4
1.8
2.5
4.1

15.7
3.5

15.3

2.4
28.0
57.7
79.8
95.0
52.5
92.6
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Table 3.  Descriptive statistics for the EUSE and Level III ecoregion watersheds.—Continued

[EUSE, effects of urbanization on stream ecosystems]

Study area

Average 
annual 

temperature, 
degrees 
Celsius

Average  
annual 

precipitation, 
centimeters

Average 
elevation, 

meters

Average 
watershed 

percent slope

Percent 
developed

Percent  
forest

Percent 
agriculture

Texas  
Blackland 
Prairie

Ecoregion 
watersheds 
(count=435)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

17.1
18.1
18.8
20.0
21.0
18.9
3.9

71.0
91.8

101.2
109.4
126.5
101.0
55.5

60.2
132.6
160.5
184.7
295.4
161.6
235.2

0.8
1.8
2.3
2.9
5.0
2.4
4.2

0.4
4.7
6.1
9.6

98.7
14.6
98.2

0.0
7.0

12.6
20.8
72.7
16.3
72.7

0.1
55.1
74.1
82.6
97.4
65.6
97.3

Dallas EUSE  
watersheds 
(count=29)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

17.6
18.2
18.4
18.5
18.7
18.3
1.1

96.3
101.4
104.4
105.8
111.3
104.3
14.9

121.4
140.4
168.9
196.3
220.3
170.3
98.9

1.3
1.8
2.1
2.8
3.7
2.3
2.4

1.6
3.1
6.9

21.3
88.8
24.1
87.2

5.7
11.1
15.1
25.0
34.4
17.4
28.7

3.5
42.7
70.3
76.9
85.7
57.1
82.2

Southeastern 
Wisconsin 
Till Plains

Ecoregion 
watersheds 
(count=616)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

6.7
7.4
7.7
8.1
9.0
7.7
2.3

76.9
85.3
89.0
91.2
96.8
88.3
19.9

191.4
246.4
264.8
282.5
341.4
264.4
150.0

0.1
1.9
2.6
3.6
8.6
2.8
8.5

1.2
4.6
6.1

11.3
100.0
12.7
98.9

0.0
5.0
8.4

14.1
55.0
10.5
55.0

0.0
56.1
71.9
81.3
96.7
66.3
96.7

Milwaukee EUSE  
watersheds 
(count=30)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

6.8
7.0
7.4
8.3
8.7
7.6
1.9

78.6
83.2
85.2
88.6
90.6
85.5
12.0

201.8
222.0
234.2
247.6
272.9
236.1
71.1

1.0
1.6
2.1
2.7
3.3
2.2
2.3

3.2
5.4

16.9
61.9
99.1
33.5
95.8

0.7
4.8
5.9

10.9
23.0
8.3

22.3

0.0
28.0
66.0
78.4
88.0
53.3
88.0

Ridge and 
Valley

Ecoregion 
watersheds 
(coun=4,543)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

6.4
10.0
11.5
14.2
17.2
12.0
10.8

89.7
109.0
119.4
137.7
160.0
122.3
70.3

87.5
238.2
332.4
497.0

1,199.5
393.8

1,112.1

1.2
9.6

16.0
21.3
44.4
14.4
43.2

0.0
3.7
6.1

10.5
96.4
10.1
96.4

0.2
41.0
63.2
82.7

100.0
60.7
99.9

0.0
8.7

23.4
42.3
93.7
27.6
93.7
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Table 3.  Descriptive statistics for the EUSE and Level III ecoregion watersheds.—Continued

[EUSE, effects of urbanization on stream ecosystems]

Study area

Average 
annual 

temperature, 
degrees 
Celsius

Average  
annual 

precipitation, 
centimeters

Average 
elevation, 

meters

Average 
watershed 

percent slope

Percent 
developed

Percent  
forest

Percent 
agriculture

Birmingham EUSE  
watersheds 
(count=30)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

14.7
15.7
16.1
16.5
16.8
16.0
2.1

141.2
145.6
147.0
148.1
151.5
146.7
10.3

161.5
193.4
231.4
273.7
324.4
234.9
162.9

2.9
8.6

11.0
12.8
16.2
10.5
13.2

2.8
13.5
36.4
57.2
95.7
40.1
92.9

3.7
36.4
44.8
64.1
76.7
46.0
73.0

0.6
3.3
9.8

19.0
37.7
11.7
37.1

Piedmont Ecoregion 
watersheds 
(count=1,431)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

12.8
14.3
15.5
16.4
17.7
15.4
4.9

108.1
117.1
121.4
130.4
168.6
124.5
60.5

73.2
151.6
202.7
263.6
504.6
213.1
431.4

2.3
5.1
6.2
7.7

20.4
6.8

18.1

0.3
4.2
6.3

10.9
96.4
11.6
96.2

2.7
47.9
60.3
69.4
97.6
58.2
94.9

0.3
18.1
25.8
34.3
62.0
26.5
61.7

Atlanta EUSE  
watersheds 
(count=30)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

15.6
15.9
16.1
16.6
17.5
16.3
2.0

122.0
128.9
133.6
138.3
140.8
133.5
18.8

178.3
255.2
283.2
309.1
350.0
278.3
171.6

4.2
5.3
5.9
6.6

11.0
6.1
6.8

2.3
6.3

22.5
41.8
85.4
27.8
83.1

11.5
39.6
45.5
62.1
74.8
48.0
63.2

2.1
12.4
19.3
25.9
39.7
19.2
37.7

Piedmont Ecoregion 
watersheds 
(count=6,512)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

12.4
14.2
15.4
16.4
17.9
15.3
5.5

107.0
116.3
120.7
129.1
171.3
123.9
64.3

52.3
142.5
200.7
261.5
544.7
207.9
492.4

1.4
5.1
6.3
7.9

29.6
7.0

28.2

0.0
3.7
5.7

10.4
99.9
11.4
99.9

0.1
47.8
61.5
72.8

100.0
59.6
99.9

0.0
15.1
24.8
35.3
77.6
25.9
77.6

Raleigh EUSE  
watersheds 
(count=30)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

14.3
14.6
14.9
15.3
15.5
14.9
1.2

115.0
118.2
118.8
120.0
125.3
119.2
10.4

89.3
139.9
176.3
210.4
284.0
180.0
194.7

2.9
4.7
5.1
6.3
8.8
5.4
5.9

3.0
18.7
54.4
78.3
98.4
50.3
95.4

1.1
16.7
32.2
55.8
81.1
35.7
80.0

0.2
4.1

12.0
17.2
41.4
13.1
41.2

Northeastern 
Coastal Zone 

Ecoregion 
watersheds 
(count=313)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

7.2
8.5
9.3

10.0
12.0
9.2
4.8

98.0
120.9
124.3
130.1
139.6
124.5
41.6

10.0
49.2
85.3

136.6
288.7
99.2

278.8

1.6
4.3
5.8
7.1

12.1
5.9

10.5

3.8
9.5

17.4
35.5
93.5
25.0
89.6

3.4
38.9
53.2
66.5
84.8
51.1
81.4

0.0
4.5
7.4

11.5
62.9
9.7

62.9
Boston EUSE  

watersheds 
(count=30)

minimum
1st quartile
median
3rd quartile
maximum
mean
range

7.3
8.1
8.8
9.4
9.9
8.7
2.5

115.4
120.6
122.5
126.0
136.2
123.2
20.8

30.9
64.4

104.6
150.0
236.3
112.7
205.4

2.9
4.8
5.9
7.3
8.4
5.9
5.5

0.9
3.7

19.9
37.8
76.4
24.0
75.5

16.2
42.2
54.9
75.5
85.0
56.6
68.8

1.9
4.2
6.6
9.4

12.8
6.8

10.8
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Table 4.  Distribution within percent development quintile class for the EUSE and Level III ecoregion watersheds.

EUSE watersheds Ecoregion watersheds

EUSE study  
metropolitan 

area

Percent  
development in 

watersheds

Number of 
watersheds

Percent of  
total number  

of watersheds

Level III  
ecoregion

Percent  
development in 

watersheds

Number of 
watersheds

Percent of  
total number  

of watersheds

Portland 0–20
20–40
40–60
60–80
80–100

14
5
2
2
5

28

50
17.86
7.14
7.14

17.86
100

Willamette 
Valley

0–20
20–40
40–60
60–80
80–100 

240
26
14
11
6

297

80.81
8.75
4.71
3.7
2.02

99.99
Salt Lake City 0–20

20–40
40–60
60–80
80–100

2
5
6

11
6

30

6.67
16.67
20
36.67
20

100.01

Central Basin 
and Range 

0–20
20–40
40–60
60–80
80–100 

10,992
41
25
12
11

11,081

99.2
0.37
0.23
0.11
0.1

100.01
Denver 0–20

20–40
40–60
60–80
80–100

10
5
4
5
4

28

35.71
17.86
14.29
17.86
14.29

100.01

High Plains 0–20
20–40
40–60
60–80
80–100 

2,830
12
14
9

16
2,881

98.23
0.42
0.49
0.31
0.56

100.01
Dallas 0–20

20–40
40–60
60–80
80–100

21
1
0
4
3

29

72.41
3.45
0

13.79
10.34
99.99

Texas Blackland 
Prairie

0–20
20–40
40–60
60–80
80–100 

369
19
11
19
17

435

84.83
4.37
2.53
4.37
3.91

100.01
Milwaukee 0–20

20–40
40–60
60–80
80–100

16
4
2
3
5

30

53.33
13.33
6.67

10
16.67

100

Southeastern 
Wisconsin 
Till Plains

0–20
20–40
40–60
60–80
80–100 

523
49
20
13
11

616

84.9
7.95
3.25
2.11
1.79

100
Birmingham 0–20

20–40
40–60
60–80
80–100

9
7
8
3
3

30

30
23.33
26.67
10
10

100

Ridge and  
Valley

0–20
20–40
40–60
60–80
80–100

4,049
315
90
55
34
4,543

89.13
6.93
1.98
1.21
0.75

100
Atlanta 0–20

20–40
40–60
60–80
80–100

13
9
3
4
1

30

43.33
30
10
13.33
3.33

99.99

Piedmont 0–20
20–40
40–60
60–80
80–100 

1,235
103
50
31
12

1,431

86.3
7.2
3.49
2.17
0.84

100
Raleigh 0–20

20–40
40–60
60–80
80–100

9
4
3
7
7

30

30
13.33
10
23.33
23.33
99.99

Piedmont 0–20
20–40
40–60
60–80
80–100 

5,630
458
199
159
66

6,512

86.46
7.03
3.06
2.44
1.01

100
Boston 0–20

20–40
40–60
60–80
80–100

15
8
4
3
0

30

50
26.67
13.33
10
0

100

Northeastern 
Coastal Zone

0–20
20–40
40–60
60–80
80–100 

170
84
36
11
12

313

54.31
26.84
11.5
3.51
3.83

99.99
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Portland 

The Portland, Oregon, EUSE study area includes 
28 watersheds that are located primarily in the Willamette 
Valley Level III 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 

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 III ecoregion has the 

smallest area of those in the EUSE study, and climate vari-
ability within the ecoregion is small (tables 3, 5; figs. 4A, B; 
5A, 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 III 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]

EUSE study 
metropolitan 

area

Level III 
ecoregion

Average 
annual 

temperature, 
degrees 
Celsius

Average 
annual 

precipitation, 
centimeters

Average 
elevation, 

meters

Average 
watershed 

percent 
slope

Percent 
developed

Percent 
forest

Percent 
agriculture

Portland Willamette 
Valley

NS NS NS NS NS NS EUSE lower

Salt Lake 
City

Central Basin 
and Range

EUSE higher EUSE higher EUSE lower EUSE lower EUSE higher EUSE lower EUSE higher

Denver High Plains EUSE lower EUSE lower EUSE higher EUSE higher EUSE higher EUSE higher EUSE lower

Dallas Texas 
Blackland 
Prairie

EUSE lower NS NS NS NS NS NS

Milwaukee Southeastern 
Wisconsin 
Till Plains

NS EUSE lower EUSE lower EUSE lower EUSE higher NS NS

Birmingham Ridge and 
Valley

EUSE higher EUSE higher EUSE lower NS EUSE higher EUSE lower EUSE lower

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 
Coastal 
Zone

EUSE lower NS NS NS NS NS NS
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Figure 4.  Summary of Willamette Valley Level III 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 III ecoregion watershed characteristics, including (A) average annual temperature,
and (B) average annual precipitation.
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Figure 5.  Summary of Willamette Valley Level III ecoregion watershed characteristics, including (A) average annual temperature, 
(B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, and  
(G) agricultural land cover. 
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Figure 5. Continued–Summary of Willamette Valley Level III ecoregion watershed characteristics, including (C) elevation,
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C D

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Figure 5—Continued.  Summary of Willamette Valley Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, and 
(G) agricultural land cover. 
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Figure 5. Continued–Summary of Willamette Valley Level III ecoregion watershed characteristics, including (E) developed
land cover, and (F) forested land cover.
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Figure 5—Continued.  Summary of Willamette Valley Level III ecoregion watershed characteristics, including (A) average 
annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land 
cover, and (G) agricultural land cover. 
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Figure 5. Continued–Summary of Willamette Valley Level III
ecoregion watershed characteristics, including
(G) agricultural land cover.
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Figure 5—Continued.  Summary of Willamette Valley Level III ecoregion watershed 
characteristics, including (A) average annual temperature, (B) average annual precipitation, 
(C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, and  
(G) agricultural land cover. 

The development classes also reflect the wide range of 
climate conditions (fig. 6A, B). The most extreme temperatures 
and precipitation amounts are seen in the watersheds with 
the lowest level of development (first quintile; table 4). For 
both the Portland EUSE and the Willamette Valley ecoregion 
watersheds, the watersheds with the lowest average annual 
temperature and the highest precipitation amounts (includ-
ing heavy snowfall in the winter) are in the 0–20 percent 
development class. Other development classes are clustered 
in the higher mean annual temperature ranges and lower mean 
annual precipitation ranges, suggesting that the areas with the 
lowest temperature and highest precipitation ranges are not 
as suitable for development, but the climate does not seem to 
affect other development classes.

Topographic Variables
The median elevation and slope values of the Willamette 

Valley ecoregion watersheds are slightly lower than those 
of the Portland EUSE watersheds (tables 3, 5; fig. 4C, D). 
Because some of the EUSE watersheds overlap into adjacent 
ecoregions, the range of elevation and slope values of the 
EUSE watersheds includes somewhat higher values than those 
of the ecoregion as a whole because of discrepancies between 
the EUSE and ecoregion watershed boundaries. The K-W 
results indicate that there is no statistically significant differ-
ence between the EUSE study and the ecoregion watersheds 
in terms of elevation and slope values. As with the climate 
variables, greater variation in topographic characteristics is 
seen in the lowest quintile of development (fig. 6C, D).
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Figure 6.  Summary of Willamette Valley Level III ecoregion and Portland EUSE study watershed characteristics by
urban development class (A) average annual temperature, (B) average annual precipitation, (C) elevation,
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Figure 6.  Summary of Willamette Valley Level III ecoregion and Portland EUSE study watershed characteristics by percentage 
of urban development class. A, Average annual temperature. B, Average annual precipitation. C, Mean elevation. D, Average 
slope. E, Developed land cover. F, Forested land cover. G, Agricultural land cover.
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Land-Cover Variables
The range of developed land percentages represented 

by the Portland EUSE watersheds is similar to that of the 
Willamette Valley ecoregion watersheds, although the median 
amount of developed land in the EUSE watersheds is higher 
than that in the ecoregion watersheds (tables 3, 5; figs. 4E, 
7A). Figure 7 shows the cumulative distribution of the amount 
of developed land in the ecoregion watersheds (blue line) and 
the amount of developed land in the EUSE watersheds (red 
squares; see sidebar, p. 7). The range of developed land cover 
in EUSE watersheds reflects the range in the overall ecoregion 
watersheds, except for a small gap in coverage of EUSE 
watersheds having between 40 and 50 percent developed land. 
The K-W test indicates that there is no difference between 
the EUSE and the ecoregion watersheds in the distribution of 
developed land cover in the watersheds.

The distribution of forest and shrubland is similar 
between the Portland EUSE and the Willamette Valley ecore-
gion watersheds, although the median amount of forested land 
is slightly higher in the EUSE watersheds (figs. 4E, 6F). The 
amount of forested land cover in the EUSE watersheds reflects 
the distribution of the overall population of watersheds, except 
for a small gap in coverage of watersheds having between 
40 and 60 percent developed land (fig. 7B). The K-W test 
indicates that there is no difference between the EUSE and the 
ecoregion watersheds in the distribution of forested land cover. 

The Portland EUSE watersheds under represent the 
amount of herbaceous and cultivated land cover in the 
Willamette Valley ecoregion watersheds (figs. 4E, 6G). The 
median value for the EUSE watersheds is 17 percent and 
for the ecoregion watersheds is 44 percent (table 3). The 
maximum value for the EUSE watersheds of 59 percent is 
considerably lower than the ecoregion maximum value of 94 
percent. The lowest developed watersheds have the widest 
range of agricultural land cover (fig. 6G), but the EUSE 
watersheds have a considerably lower degree of agricultural 
land cover than the ecoregion within this development class. 
The third quintile of development for EUSE sites (40–60 
percent developed) is also considerably less for agricultural 
land cover than the third quintile for the ecoregion watersheds 
(table 3).
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Figure 7. Cumulative distribution plot
(blue line) of the percentage of (A) urban
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land cover in the Willamette Valley Level III
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study watersheds.  
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Figure 7.  Cumulative distribution plot (blue line) of 
the percentage of (A) urban development, (B) forested, 
and (C) agricultural land cover in the Willamette Valley 
Level III ecoregion watersheds, and the percentage of 
the same land-cover types in the Portland EUSE study 
watersheds.
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Salt Lake City

The 30 Salt Lake City, Utah, EUSE study watersheds are 
located in the Central Basin and Range Level III ecoregion 
(app. 1). Because the area around Salt Lake City is so sparsely 
populated, watersheds are partially located outside of the 
Central Basin and Range ecoregion, which fulfills the primary 
EUSE objective of sampling in watersheds in areas of low 
to high development. It should be noted that portions of the 
watersheds used for comparison are outside of the Central 
Basin and Range ecoregion. All sampling locations, however, 
are within the Central Basin and Range ecoregion.

The majority of this ecoregion is undeveloped, arid land 
composed of flatlands, low mountains, and high mountains. 
Shrub and forestland cover most of the ecoregion. The Salt 
Lake City study watersheds are located in three major river 
systems: the Bear, the Weber, and the Utah Lake/Jordan River 
systems. These river systems drain into the Great Salt Lake 
with no outflow to the ocean. The study area is characterized 
by cold desert watersheds, scattered low and high mountains, 
and salt flats. The climate of the study area is semiarid 
with most of the precipitation occurring as winter snows or 
occasional summer thunderstorms. The lowland valleys have 
moderate temperature shifts between winter and summer; 
whereas the high mountains have long, cold winters and short, 
cool summers (Baskins and others, 2002). 

The Salt Lake City study area includes four main 
metropolitan areas: Salt Lake City, Logan, Ogden, and Provo. 
The combined 2000 population was 1.9 million, a 29 percent 
increase from 1990 (U.S. Census Bureau, 2009). Typical of 
semiarid urban areas in the western United States, an array of 
reservoirs, diversions, and canals alters the hydrologic regime 
of most Salt Lake City streams, and water rights is a continu-
ous area of contention (Baskins and others, 2002). Historically, 
land use in the study area was grasslands, evergreen forests, 
and desert shrubs (McKnight, 2004), some of which has been 
converted to irrigated agriculture and urban areas (Baskins and 
others, 2002). The economy in the area is largely supported 
by mining, church, government, finance, education, research, 
high-technology industries, transportation, recreation, and 
tourism (McKnight, 2004).

Climate Variables
The Central Basin and Range Level III ecoregion is 

the largest area in the EUSE study and includes the largest 
range of climatic conditions (tables 3, 5; figs. 8A, B; 9A, B; 
10A, B). The average annual temperature ranges from less than 
1 degree Celsius (°C) to 16°C within the ecoregion water-
sheds, the largest variation in the eight study ecoregions. The 
temperature range for the Salt Lake City EUSE watersheds is 
much smaller than the range for the Central Basin and Range 
ecoregion watersheds. The median average annual temperature 
values of the ecoregion and EUSE watersheds are similar. 
The least developed watersheds show the most extreme 

temperature conditions in both the ecoregion and EUSE 
watersheds (fig. 10A).

The range of average annual precipitation values in 
the Central Basin and Range Level III ecoregion is also the 
largest of all the study ecoregions. Overall, this ecoregion 
is dry, with a median precipitation of 31 centimeters (cm). 
The EUSE watersheds have a higher median average annual 
precipitation value than the ecoregion as a whole. Most of 
the EUSE watersheds are among the outliers for precipitation 
values among the ecoregion watersheds, and not surprisingly, 
the K-W test shows that the EUSE and ecoregions watersheds 
have significantly different distributions for these climate 
variables. Precipitation is lower in the ecoregion watersheds 
for all development classes (fig. 10B). 

Topographic Variables
The Central Basin and Range Level III ecoregion has low, 

gently sloping areas surrounded by higher areas with greater 
relief (tables 3, 5; figs. 8C, D; 9C, D; 10C, D). The average 
elevation within the ecoregion watersheds is 1,752 meters (m), 
over 300 m higher than the EUSE watersheds. The range of 
watershed elevation in the ecoregion is much larger than in 
the EUSE watersheds. The large variation is primarily within 
the least developed quintile of watersheds; other quintiles are 
similar in range to the EUSE watersheds. The median percent-
age slope values for the ecoregion watersheds is close to that 
of the EUSE watersheds, but the range of slope values is much 
smaller for the EUSE watersheds. The greatest variation in 
slope values is primarily in the first quintile of development.

Land-Cover Variables
The amount of developed land within the Central Basin 

and Range ecoregion watersheds is very small; the median 
and third quartile values are less than 0.5 percent (tables 3, 5; 
figs. 8E, 10E, 11A). Most of the ecoregion is in public land. 
The Salt Lake City EUSE watersheds with more than 20 per-
cent developed land include most of the watersheds within 
the entire ecoregion with this amount of developed land. All 
values of the EUSE watersheds are among the outliers of 
the ecoregion watersheds. Among the watersheds with more 
than 20 percent developed land, values within the quintiles 
are similarly distributed among the EUSE and ecoregion 
watersheds (fig. 10E).

Forested and shrubland are the major land-cover types 
in the Central Basin and Range Level III ecoregion and Salt 
Lake City EUSE study area. The median percentage forested 
value for the ecoregion watersheds is 98 percent, with a 
very broad range, while the EUSE watersheds have a much 
narrower range of this land-cover type, with a median value 
of 17 percent forested (figs. 8E, 9E, 11B). The representation 
of forested and shrubland in the EUSE watersheds is similar 
to that in the ecoregion in that both have a high proportion 
of forest and shrubland as the background characteristic 
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Figure 8.  Summary of Central Basin and Range Level III ecoregion and Salt Lake City
EUSE study watershed characteristics, including (A) average annual temperature,
(B) average annual precipitation, (C) elevation, (D) slope, in percent and
(E) land cover, in percent.

Figure 8.  Summary of Central Basin and Range Level III ecoregion and Salt Lake City EUSE study watershed characteristics, 
including (A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) percent slope, and (E) percent 
land cover.

within all development classes. Relatively little agricultural 
land exists in the ecoregion; the median value of herbaceous 
and cultivated land in the ecoregion watersheds is less than 
1 percent, and the EUSE watersheds have a median value of 

5 percent (figs. 8E, 11C). The amount of agricultural land in 
the ecoregion as a whole is well represented by the EUSE 
watersheds. 
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Figure 9. Summary of Central Basin and Range Level III ecoregion watershed characteristics, including (A) average annual temperature,
and (B) average annual precipitation.

A B

 

WA

MT

OR

ID

AZ

UT

NVCA

0 200 MILES50 100 150

0 200 KILOMETERS100

PACIFIC
OCEAN

125 120 115

40

45

35

Average annual temperature,
in degrees Celsius

EXPLANATION

Central Basin and Range
Level III ecoregion
Salt Lake City study area

0.6–2.0
2.1–4.0
4.1–6.0
6.1–8.0
8.1–10.0
10.1–12.0
12.1–14.0
14.1–16.0
16.1–18.0

 

WA

MT

OR

ID

AZ

UT

NVCA

0 200 MILES50 100 150

0 200 KILOMETERS100

PACIFIC
OCEAN

Average annual precipitation,
in centimeters
0–10.0
10.1–20.0
20.1–30.0
30.1–40.0
40.1–50.0
50.1–60.0
60.1–70.0
70.1–80.0
80.1–90.0

EXPLANATION

125 120 115

40

45

35

Central Basin and Range
Level III ecoregion
Salt Lake City study area

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Figure 9.  Summary of Central Basin and Range Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover.
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Figure 9. Summary of Central Basin and Range Level III ecoregion watershed characteristics, including
(C) elevation, and (D) percent slope.
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Figure 9—Continued.  Summary of Central Basin and Range Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 9. Summary of Central Basin and Range Level III ecoregion watershed characteristics, including
(E) developed land cover, and (F) forested land cover.
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Figure 9—Continued.  Summary of Central Basin and Range Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 9. Continued–Summary of Central Basin and Range
Level III ecoregion watershed characteristics, including
(G) agricultural land cover.
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Figure 9.  Summary of Central Basin and Range Level III ecoregion watershed 
characteristics, including (A) average annual temperature, (B) average annual precipitation, 
(C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, and 
(G) agricultural land cover.
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Figure 11.  Cumulative distribution plot (blue line) of the percentage of (A) urban 
development, (B) forested, and (C) agricultural land cover in the Central Basin and 
Range Level III ecoregion watersheds, and the percentage of the same land-cover 
types in the Salt Lake City EUSE study watersheds.
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Denver

The 28 Denver, Colorado, EUSE study watersheds are 
located in Colorado and southeastern Wyoming, primarily in 
the High Plains Level III ecoregion, an ecoregion character-
ized by high elevation, dry climate, and a high percentage of 
cropland (app. 1). Portions of the watersheds included in the 
Denver EUSE study area are in adjacent ecoregions, but the 
entire areas of the watersheds are used in this analysis. The 
major river basin in the Denver study area is the South Platte 
River in north-central Colorado and southeastern Wyoming. 
The climate is semiarid, and precipitation in the study area is 
affected considerably by topography. Most of the precipitation 
on the plains results from rainfall, primarily between April 
and September; however, perennial streamflow also is fed 
by snowmelt from the mountains. Many smaller streams are 
ephemeral, and a complex network of ditches and pipes moves 
water between different areas for domestic water supply, 
agricultural irrigation, and power generation (Sprague and 
others, 2006). 

The Denver study area includes four main cities— 
Denver-Aurora, Boulder, and Fort Collins–Loveland, 
Colorado, and Cheyenne, Wyoming. The combined 2000 
population for these four cities, 2.8 million, was a 30 percent 
increase from 1990 (U.S. Census Bureau, 2009). The economy 
is diversified and includes telecommunications, software, 
agriculture, mining, and heavy industry. Denver is a major 
regional center for U.S. Government offices, a transportation 
hub, and a tourist gateway to the mountain recreational areas 
of the southern Rockies (McKnight, 2004).

Climate Variables
The High Plains Level III ecoregion is an extremely 

large area that includes portions of eight States extending 
from South Dakota to Texas. The Denver EUSE study area is 
located in the northwest portion of the ecoregion. The average 
annual temperature and precipitation values of the EUSE 
watersheds have considerably smaller ranges than those of 
the ecoregion as a whole, but the medians are surprisingly 
similar given the broad expanse of the ecoregion (tables 3, 
5; figs. 12A, B; 13A, B; 14A, B). The High Plains ecoregion 
watersheds, like the Denver EUSE watersheds, have a dry and 
moderate climate overall. Extremes in temperature occur more 
often than extremes in precipitation, with a 12°C range, which 
is the second highest among the nine EUSE studies.

Topographic Variables
The Denver EUSE watersheds are located in the higher 

elevations of the High Plains Level III ecoregion (tables 3, 
5; figs. 12C, D; 13C, D; 14C, D). The median elevation for 
the Denver EUSE watersheds, 1,720 m, is much higher than 
the median value for the High Plains ecoregion watersheds, 
1,130 m. The elevation range is much larger for the ecoregion 
watersheds than for the EUSE watersheds. Median slope 
values are higher for the Denver EUSE watersheds than for the 
ecoregion watersheds, which is an indication of the position of 
the Denver metropolitan area along the slopes of the Rockies. 

Land-Cover Variables
 The amount of developed land cover in the High Plains 

Level III ecoregion is low as indicated by a median value of 
2.5 percent developed land and the third quartile value of 3.7 
(tables 3, 5; figs. 12E, 13E, 15A). The Denver EUSE water-
sheds span the entire gradient of urbanization that exists in the 
High Plains ecoregion but, as in Salt Lake City, include many 
of the ecoregion’s watersheds that have more than 20 percent 
developed land. The land cover in the High Plains ecoregion is 
predominantly agricultural, and the undeveloped land cover in 
the EUSE watersheds is also predominantly agricultural. 

The range of forest and shrubland percentages for the 
Denver EUSE watersheds is much less than for the High 
Plains ecoregion as a whole (figs. 12E, 15B). A large number 
of outliers exist on the high end of the distribution for the 
ecoregion watersheds, and these outliers are not represented in 
the EUSE watersheds. The range of herbaceous/cultivated land 
cover in the ecoregion watersheds is well represented by the 
EUSE watersheds (figs. 12E, 15C). The high median value of 
95 percent agricultural land cover and a first quartile develop-
ment value of 88 percent indicate that the vast majority of land 
in the ecoregion is for agricultural uses (table 3).
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Figure 12.  Summary of High Plains Level III ecoregion and Denver EUSE study watershed
characteristics, including (A) average annual temperature, (B) average annual
precipitation, (C) elevation, (D) slope, in percent and (E) land cover, in percent.

Figure 12.  Summary of High Plains Level III ecoregion and Denver EUSE study 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 13. Summary of High Plains Level III ecoregion watershed characteristics, including (A) average annual temperature,
and (B) average annual precipitation.
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Figure 13.  Summary of High Plains Level III ecoregion watershed characteristics, including (A) average annual temperature, 
(B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, and 
(G) agricultural land cover.
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Figure 13. Summary of High Plains Level III ecoregion watershed characteristics, including (C) elevation, and (D) percent slope.
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Figure 13—Continued.  Summary of High Plains Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover.
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Figure 13. Summary of High Plains Level III ecoregion watershed characteristics, including (E) developed land cover, and
(F) forested land cover.
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Figure 13—Continued.  Summary of High Plains Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover.
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Figure 13—Continued.  Summary of High Plains Level III 
ecoregion watershed characteristics, including (A) average 
annual temperature, (B) average annual precipitation, 
(C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 14.  Summary of High Plains Level III ecoregion and Denver EUSE study watershed characteristics by development
class (A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) percent slope, (E) developed
land cover, (F) forested land cover, and (G) agricultural land cover.
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Figure 14.  Summary of High Plains Level III ecoregion and Denver EUSE study watershed characteristics by percentage of 
urban development class. A, Average annual temperature. B, Average annual precipitation. C, Mean elevation. D, Average slope. 
E, Developed land cover. F, Forested land cover. G, Agricultural land cover.
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Figure 15. Cumulative distribution plot
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Figure 15.  Cumulative distribution plot (blue line) of the percentage of (A) urban 
development, (B) forested, and (C) agricultural land cover in the High Plains 
Level III ecoregion watersheds, and the percentage of the same land-cover types 
in the Denver EUSE study watersheds.
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Dallas

The 29 Dallas, Texas, EUSE study watersheds are within 
the Texas Blackland Prairie Level III ecoregion (app. 1). The 
soil texture is primarily fine to moderately fine (Giddings 
and others, 2009). The climate is warm and semiarid, with 
precipitation occurring primarily in the spring and late 
summer. Surface water in the study area consists primarily 
of reservoirs, intrawatershed transfers, diversions of water to 
municipalities, and wastewater effluent. Small streams in the 
area are generally intermittent. The land is commonly used for 
pasture, but increasingly land is being used for cropland and 
urban and industrial uses.

The Dallas EUSE study area includes the metropolitan 
areas of Dallas, Fort Worth, and Arlington, with a combined 
population in 2000 of 5 million, a 29.4 percent increase since 
1990 (U.S. Census Bureau, 2009). Dallas is a major regional 
center, and the economy includes finance, oil, transportation, 
aerospace, and electronics. Fort Worth, a twin city to Dallas, 
has an economy based on cattle, railways, and agricultural 
processing (McKnight, 2004). 

Climate Variables
The range and median values for average annual tem-

perature in the Texas Blackland Prairie ecoregion watersheds 
are slightly larger than for the Dallas EUSE watersheds, but 
the difference is small in absolute terms because there is 
little variation in temperature within the ecoregion (tables 3, 
5; figs. 16A, B; 17A, B; 18A, B). The range of precipitation 
values is larger in the ecoregion watersheds, but the median 
precipitation value is higher for the EUSE watersheds. The 
precipitation within the EUSE and ecoregion watersheds is 
not significantly different. Development within the ecoregion 
is distributed throughout all temperature ranges, and only the 
least developed watersheds have an average annual precipita-
tion amount greater than 110 cm.

Topographic Variables
The Texas Blackland Prairie is an area of low relief, 

which is evident in the elevation and slope values for both the 
Texas Blackland Prairie Level III ecoregion and the Dallas 
EUSE watersheds. The interquartile range of elevation values 
for the EUSE watersheds is similar to that for the ecoregion 
as a whole, as is the median value (fig. 16C). The interquartile 
range of slope values and median values for the Dallas EUSE 
watersheds are similar to the ecoregion watersheds (fig. 16D). 
The K-W test shows that the EUSE and ecoregion watersheds 
for these topographic variables are not significantly different.

Land-Cover Variables
The most striking characteristic of the Texas Black 

Prairie ecoregion and Dallas EUSE watershed distributions 
for developed land is the area in the middle of the ecoregion 
distribution, where no EUSE watersheds are located (figs. 16E, 
18E, 19A). The Dallas EUSE study area was defined by the 
intersection of the Trinity River Basin and the Blackland 
Prairie ecoregion; within this area watersheds between 25 and 
60 percent developed land cover that were suitable for the 
EUSE sampling were not available. The interquartile range 
of developed land found in the ecoregion is well represented 
by the EUSE watersheds. The distribution of the forested and 
agricultural land-cover classes in the ecoregion are represented 
by the EUSE watersheds, with the exception of the upper 
range of the forested land cover and the middle range of the 
agricultural land cover (fig. 19B, C). The land cover in the 
Blackland Prairie ecoregion is predominantly agricultural, 
and the undeveloped land in the EUSE watersheds is also 
predominantly agricultural. Results of the K-W test indicate 
that the developed, forest, and agricultural characteristics in 
the EUSE and ecoregion watersheds are not from statistically 
different populations.
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Figure 16.  Summary of Texas Blackland Prairie Level III ecoregion and Dallas EUSE
study watershed characteristics, including (A) average annual temperature, (B) average
annual precipitation, (C) elevation, (D) slope, in percent and (E) land cover, in percent.

Figure 16.  Summary of Texas Blackland Prairie Level III ecoregion and Dallas EUSE study 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 17. Summary of Texas Blackland Prairie Level III ecoregion watershed characteristics, including (A) average annual
temperature, and (B) average annual precipitation.
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Figure 17.  Summary of Texas Blackland Prairie Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover. 
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Figure 17. Summary of Texas Blackland Prairie Level III ecoregion watershed characteristics, including (C) elevation, and
(D) percent slope.
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Figure 17—Continued.  Summary of Texas Blackland Prairie Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover. 
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Figure 17. Summary of Texas Blackland Prairie Level III ecoregion watershed characteristics, including (E) developed land cover,
and (F) forested land cover.
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Figure 17—Continued.  Summary of Texas Blackland Prairie Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover. 
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Figure 17. Continued–Summary of Texas Blackland Prairie
Level III ecoregion watershed characteristics, including 
(G) agricultural land cover.
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Figure 17—Continued.  Summary of Texas Blackland Prairie Level 
III ecoregion watershed characteristics, including (A) average 
annual temperature, (B) average annual precipitation, (C) elevation, 
(D average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover. 
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Figure 18.  Summary of Blackland Prairie Level III ecoregion and Dallas EUSE study watershed characteristics by percentage of 
urban development class. A, Average annual temperature. B, Average annual precipitation. C, Mean elevation. D, Average slope. 
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Figure 19.  Cumulative distribution plot (blue line) of the percentage of (A) urban 
development, (B) forested, and (C) agricultural land cover in the Texas Blackland 
Prairie Level III ecoregion watersheds, and the percentage of the same land-
cover types in the Dallas EUSE study watersheds.
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Milwaukee

The 30 Milwaukee, Wisconsin, EUSE study watersheds 
are located primarily in the Southeastern Wisconsin Till 
Plains Level III ecoregion (app. 1). Outside of the industrial 
and commercial centers of Milwaukee and Green Bay, the 
ecoregion is predominantly agricultural, with low topographic 
relief and a mosaic of forest types, crop types, and soils. 
The land surface is characterized by glacial outwash plains, 
lacustrine watersheds, level to rolling till plains, and extensive 
wetland areas. The climate is characterized by cold winters 
and moderate, wet summers, with most of the precipitation 
occurring between May and September. Highest streamflows 
usually occur in March through May as a result of snowmelt 
or a combination of rain and snow; however, summer 
thunderstorms can produce flood peaks that exceed snowmelt 
peaks (Richards and others, 2010). The pre-development land 
cover was a mixture of hardwood forests (north), oak savannas 
(west), and tall-grass prairies (south).

The Milwaukee metropolitan study area includes five 
main population centers—Milwaukee–Waukesha–West Allis, 
Green Bay, Appleton, Racine, and Oshkosh-Neenah. The com-
bined 2000 population for these five areas, 2.3 million, was 
an 8 percent increase from 1990 (U.S. Census Bureau, 2009). 
Because of their shipping ports, Milwaukee and Green Bay are 
the largest industrial, manufacturing, and commercial centers 
in the study area. Dairy and livestock farming and associated 
corn and soybean production represent the dominant land use 
in the region (Peters, 1997).

Climate Variables
The Southeastern Wisconsin Till Plains ecoregion has 

the second smallest area of the EUSE study areas and has a 
relatively homogeneous climate. The temperatures range from 
7°C to 9°C for both the Milwaukee EUSE watersheds and 
the Southeastern Wisconsin Till Plains ecoregion watersheds 
(table 3; figs. 20A, B; 21A, B; 22A, B). The range of average 
annual precipitation is also similar between the two areas 
although the EUSE watersheds have a lower median value and 
all EUSE watershed values are below the 3rd quartile of the 
ecoregion watersheds. The K-W test indicates that there is no 
difference between EUSE and ecoregion watersheds in terms 
of average annual temperature variable.

Topographic Variables
The range and median elevations for the Milwaukee 

EUSE watersheds are smaller than those of the Southeastern 
Wisconsin Till Plains ecoregion watersheds (figs. 20C, D; 
22C, D). Median percentage slopes are also similar between 
the two areas, although the ecoregion watersheds have a 
wider range of values, and the ecoregion watersheds values 
for elevation or slope greater than the 75th percentile are not 
represented in the EUSE watersheds. All levels of develop-
ment for the ecoregion have a wide range of elevation and 
slope with the exception of the highest developed quintile; 
climate in the highest level of development for the ecoregion 
is similar to that of the EUSE watersheds. 

Land-Cover Variables
The range of developed land values for the Milwaukee 

EUSE watersheds includes the range of values for the 
Southeastern Wisconsin Till Plains ecoregion as a whole 
(figs. 20E, 22E, 23A). The ecoregion watersheds have a lower 
median and 75th percentile of developed land than the EUSE 
watersheds, indicating that there are relatively few watersheds 
in the ecoregion watersheds with large amounts of developed 
land. The range and median of forest/shrubland percentages 
are similar for the ecoregion and EUSE watersheds (figs. 20E, 
23B). The land cover in the Southeastern Wisconsin Till 
Plains ecoregion is predominantly agricultural, and the 
undeveloped land in the Milwaukee EUSE watersheds is also 
predominantly agricultural (figs. 22G, 23C). Of the land-cover 
variables, only the ecoregion and EUSE watershed values for 
forested and agricultural land cover were drawn from the same 
population.



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

Sl
op

e,
 in

 p
er

ce
nt

La
nd

 c
ov

er
, i

n 
pe

rc
en

t

9.0

8.5

8.0

7.5

7.0

A. Average annual temperature
Av

er
ag

e 
an

nu
al

 te
m

pe
ra

tu
re

, i
n 

de
gr

ee
s 

Ce
ls

iu
s

95

90

85

80

B. Average annual precipitation

Av
er

ag
e 

an
nu

al
 p

re
ci

pi
ta

tio
n,

 in
 c

en
tim

et
er

s

300

250

200

100

80

60

40

20

0

C. Elevation

El
ev

at
io

n,
 in

 m
et

er
s

8

6

4

2

0

D. Slope

E. Land cover

Ecoregion
percent

developed

Ecoregion
percent
forested

EUSE
percent

developed

EUSE
percent
forested

Ecoregion
percent

agriculture

EUSE
percent

agriculture

Ecoregion EUSE Ecoregion EUSE

EXPLANATION

Outlier

Outlier

1.5 times the interquartile range
above the box

Median
75th percentile

25th percentile

1.5 times the interquartile range
below the box

Interquartile
range

Figure 20.  Summary of Southeastern Wisconsin Till Plains Level III ecoregion and
Milwaukee EUSE study watershed characteristics, including (A) average annual
temperature, (B) average annual precipitation, (C) elevation, (D) slope, in percent
and (E) land cover, in percent.

Figure 20.  Summary of Southeastern Wisconsin Till Plains Level III ecoregion and Milwaukee EUSE study 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 21. Summary of Southeastern Wisconsin Till Plains Level III ecoregion watershed characteristics, including (A) average
annual temperature, and (B) average annual precipitation.
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Figure 21.  Summary of Southeastern Wisconsin Till Plains Level III ecoregion watershed characteristics, including (A) average 
annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land 
cover, and (G) agricultural land cover. 
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Figure 21. Summary of Southeastern Wisconsin Till Plains Level III ecoregion watershed characteristics, including (C) elevation,
and (D) percent slope.
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Figure 21—Continued.  Summary of Southeastern Wisconsin Till Plains Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover. 
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Figure 21. Summary of Southeastern Wisconsin Till Plains Level III ecoregion watershed characteristics, including (E) developed
land cover, and (F) forested land cover.
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Figure 21—Continued.  Summary of Southeastern Wisconsin Till Plains Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover. 
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Figure 21. Continued–Summary of Southeastern Wisconsin Till
Plains Level III ecoregion watershed characteristics, including 
(G) agricultural land cover.
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Figure 21—Continued.  Summary of Southeastern Wisconsin Till 
Plains Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, 
(C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover. 
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Figure 22.  Summary of Southeastern Wisconsin Till Plains Level III ecoregion and Milwaukee EUSE study watershed
characteristics by development class (A) average annual temperature, (B) average annual precipitation, (C) elevation,
(D) percent slope, (E) developed land cover, (F) forested land cover, and (G) agricultural land cover.
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Figure 22.  Summary of Southeastern Wisconsin Till Plains Level III ecoregion and Milwaukee EUSE study watershed 
characteristics by percentage of urban development class. A, Average annual temperature. B, Average annual precipitation. 
C, Mean elevation. D, Average slope. E, Developed land cover. F, Forested land cover. G, Agricultural land cover.
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Figure 23. Cumulative distribution plot
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Figure 23.  Cumulative distribution plot (blue line) of the percentage of (A) urban 
development, (B) forested, and (C) agricultural land cover in the Southeastern 
Wisconsin Till Plains Level III ecoregion watersheds, and the percentage of the 
same land-cover types in the Milwaukee EUSE study watersheds.
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Birmingham

The 30 Birmingham, Alabama, EUSE study watersheds 
are located in the Ridge and Valley Level III ecoregion in 
Georgia and Alabama in the southeastern United States, where 
mountain ridges are typically sandstone, and valley floors 
are primarily limestone or shale (Johnson and others, 2002; 
app. 1). The climate is warm and humid with rainfall evenly 
distributed throughout the year, except for a dry period in 
August to October (Johnson and others, 2002).

Major metropolitan centers in the study area include 
Birmingham, Anniston, and Gadsden, Alabama (Johnson 
and others, 2002). The combined 2000 population for these 
three cities was 1.3 million, an 8 percent increase from 1990 
(U.S. Census Bureau, 2009). The dominant natural vegetative 
cover is Appalachian oak forest, and land use is predominantly 
cropland, pasture, and urban lands (Johnson and others, 2002). 
Steel manufacturing is an important part of Birmingham’s 
economy in addition to the medical, trade, finance, research, 
and government sectors (McKnight, 2004).

Climate Variables
The temperature and precipitation variables within the 

Ridge and Valley ecoregion watersheds vary considerably, 
in part because of the large north-south latitudinal range 
(tables 3, 5; figs. 24A, B; 25A, B; 26A, B). The average annual 
temperature in the ecoregion watersheds ranges from 6°C 
to 17°C, and the average annual precipitation has a range of 
70 cm. The Birmingham EUSE study watersheds are located 
within the southern portion of the Ridge and Valley ecoregion, 
and the temperature reflects this. The average annual 
temperature for the EUSE watersheds ranged from 14.7°C to 
16.8°C, the average temperature is 4 degrees warmer than the 
temperature in the ecoregion watersheds. The average annual 
precipitation only ranged from 141.2 to 151.5 millimeters 
(mm), although the median and mean were higher than the 
average annual precipitation in the ecoregion watersheds. 

Topographic Variables
The topography of the Ridge and Valley ecoregion 

watersheds also varied more than the topography of the 
Birmingham EUSE study watersheds (fig. 24C, D). The 
elevation of the ecoregion ranged from 87 to 1,199 m, 
reflecting greater relief than the EUSE watersheds, which 
ranged from 161 to 324 m. The slopes were also more extreme 
in the ecoregion as a whole. The percentage slope ranged from 
1 to 38 percent for the ecoregion watersheds and only 4 to 
11 for the EUSE watersheds. The median values for the two 
areas are similar, with 10 and 11 percent for the ecoregion and 
EUSE watersheds, respectively. The K-W test shows that the 
slopes for the ecoregion and EUSE watersheds are drawn from 
the same population, but the elevation characteristics were 
significantly different.

Land-Cover Variables
The range of values for developed land in the Birming-

ham EUSE watersheds extends over the range of values for 
the Ridge and Valley ecoregion as a whole (figs. 24E, 26E, 
27A). The ecoregion has a lower median and 75th percentile 
of developed land than the EUSE sites, indicating that there 
are relatively few watersheds in the population of ecoregion 
watersheds with more than 10 percent developed land. The 
range and median of both the forested and agricultural land-
cover percentages are greater for the population of ecoregion 
watersheds than for the EUSE watersheds (figs. 24E, 
26F, G). The land cover in the Ridge and Valley ecoregion is 
predominantly forest, and the undeveloped land in the EUSE 
watersheds is also predominantly forest.
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Figure 24.  Summary of Ridge and Valley Level III ecoregion and Birmingham EUSE
study watershed characteristics, including (A) average annual temperature, (B) average
annual precipitation, (C) elevation, (D) slope, in percent, and (E) land-cover, in percent.

Figure 24.  Summary of Ridge and Valley Level III ecoregion and Birmingham EUSE study 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 25. Summary of Ridge and Valley Level III ecoregion watershed characteristics, including (A) average annual temperature,
and (B) average annual precipitation.
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Figure 25.  Summary of Ridge and Valley Level III ecoregion watershed characteristics, including (A) average annual temperature, 
(B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, and 
(G) agricultural land cover. 
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Figure 25. Summary of Ridge and Valley Level III ecoregion watershed characteristics, including (C) elevation, and (D) percent slope.
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Figure 25—Continued.  Summary of Ridge and Valley Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover. 
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Figure 25. Summary of Ridge and Valley Level III ecoregion watershed characteristics, including (E) developed land cover, and
(F) forested land cover.
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Figure 25—Continued.  Summary of Ridge and Valley Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover. 
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Figure 26.  Summary of Ridge and Valley Level III ecoregion and Birmingham EUSE study watershed characteristics by
development class (A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) percent slope,
(E) developed land cover, (F) forested land cover, and (G) agricultural land cover.
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Figure 26.  Summary of Ridge and Valley Level III ecoregion and Birmingham EUSE study watershed characteristics by percentage 
of urban development class. A, Average annual temperature. B, Average annual precipitation. C, Mean elevation. D, Average slope. 
E, Developed land cover. F, Forested land cover. G, Agricultural land cover.
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Figure 27. Cumulative distribution plot
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Figure 27.  Cumulative distribution plot (blue line) of the percentage of (A) urban 
development, (B) forested, and (C) agricultural land cover in the Ridge and Valley 
Level III ecoregion watersheds, and the percentage of the same land-cover types in 
the Birmingham EUSE study watersheds.
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Atlanta

The 30 Atlanta, Georgia, EUSE study watersheds are 
located in the Piedmont Level III ecoregion, which is charac-
terized by gently rolling topography and dissected irregular 
plains (app. 1). The soils are almost exclusively fine-grained 
sediments (Giddings and others, 2009). The climate is rela-
tively warm and humid with precipitation relatively consistent 
throughout the year, typical of the southeastern United States. 
Streams in the area typically have low to moderate gradients 
with cobble, gravel, and sandy substrates (Couch and others, 
1996).

Three major population centers of the study area are 
Atlanta, Sandy Springs, and Marietta with a combined 2000 
population of 4,247,981, a 38.4 percent increase from 1990 
(U.S. Census Bureau, 2009). Natural land cover in the Atlanta 
study area is oak-hickory-pine forest; however, current (2011) 
land use and land cover include forested areas in silviculture 
and agricultural production of hay, cattle and poultry, and 
sprawling urban development (Falcone and others, 2007). 
The economy is diversified and includes medical, industrial, 
commercial, and service sectors (McKnight, 2004).

Climate Variables
Average annual temperatures in the Piedmont ecoregion 

watersheds range from 12.8°C to 17.7°C, and temperatures 
in the Atlanta EUSE watersheds ranged from 15.6°C to 
17.5°C (table 3; figs. 28A, B, 29A, B, 30A, B). The minimum 
temperature value in the EUSE watersheds is above the 
median value in the ecoregion population. The average annual 
precipitation in the Piedmont ecoregion watersheds ranges 
from 108.1 to 168.6 cm, a range of more than 60 cm. The 
minimum precipitation value in the EUSE watersheds is also 
above the median value in the ecoregion. The range of average 
annual precipitation in the Atlanta EUSE watersheds is less 
than 19 cm with higher ranges in the lesser developed quintiles 
of watersheds.

Topographic Variables
The elevation and slopes within the Piedmont ecoregion 

vary widely from the eastern edge, bordering the coastal plain, 
to the western boundary along the Ridge and Valley ecoregion 
(figs. 28C, D; 29C, D). The range in elevation of the Piedmont 
ecoregion watersheds is much broader than that of the Atlanta 
EUSE watersheds, although with a lower median value. The 
range in percentage slope of the EUSE watersheds is smaller 
than the range across the ecoregion, although with a higher 
median value. The percentage slope values of the ecoregion 
and EUSE watersheds do not show a significant difference 
using the K-W test.

Land-Cover Variables
The range of developed land values in the Atlanta EUSE 

watersheds includes the range of values that exists in the 
Piedmont ecoregion as a whole (figs. 28E, 30E, 31A). The 
ecoregion has a lower median and 75th percentile of developed 
land than the EUSE sites, indicating that there are relatively 
few watersheds in the population of ecoregion watersheds with 
more than 10 percent developed land, and only 12 watersheds 
in the upper 20th percentile, with only one from the EUSE 
watersheds in this quintile (table 4). The range and median 
values of the forested land-cover percentages are greater for 
the population of ecoregion watersheds than for the EUSE 
watersheds (figs. 28E, 31B). The land cover in the Piedmont 
ecoregion is predominantly forest, and the undeveloped land 
in the Atlanta EUSE watersheds is also predominantly forest.
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Figure 28.  Summary of Piedmont Level III ecoregion and Atlanta EUSE study watershed
characteristics, including (A) average annual temperature, (B) average annual
precipitation, (C) elevation, (D) slope, in percent, and (E) land-cover, in percent.

Figure 28.  Summary of Piedmont Level III ecoregion and Atlanta EUSE study 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 29. Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Atlanta, including (A) average annual
temperature, and (B) average annual precipitation.
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Figure 29.  Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Atlanta, including (A) average 
annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land 
cover, and (G) agricultural land cover.
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Figure 29. Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Atlanta, including (C) elevation,
and (D) percent slope.
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Figure 29—Continued.  Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Atlanta, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 29. Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Atlanta, including
(E) developed land cover, and (F) forested land cover.

E F

PA

MD

WV
VA

NC

SC

TN

GA

AL

KY

0 200 MILES50 100 150

0 200 KILOMETERS100

ATLANTIC
OCEAN

85 80

40

35

EXPLANATION

Piedmont Level III ecoregion
Atlanta study area

0.5–10.0
10.1–20.0
20.1–30.0
30.1–40.0
40.1–50.0
50.1–60.0
60.1–70.0
70.1–80.0
80.1–90.0
90.1–100.0

PA

MD

WV
VA

NC

SC

TN

GA

AL

KY

0 200 MILES50 100 150

0 200 KILOMETERS100

ATLANTIC
OCEAN

85 80

40

35

EXPLANATION

Piedmont Level III ecoregion
Atlanta study area

0–10.0
10.1–20.0
20.1–30.0
30.1–40.0
40.1–50.0
50.1–60.0
60.1–70.0
70.1–80.0
80.1–90.0
90.1–100.0

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Developed land cover, in percent Forested land cover, in percent

Figure 29—Continued.  Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Atlanta, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 29. Continued–Summary of Piedmont Level III ecoregion
watershed characteristics in the vicinity of Atlanta, including
(G) agricultural land cover.
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Figure 29—Continued.  Summary of Piedmont Level III 
ecoregion watershed characteristics in the vicinity of Atlanta, 
including (A) average annual temperature, (B) average annual 
precipitation, (C) elevation, (D) average slope, (E) developed 
land cover, (F) forested land cover, and (G) agricultural land 
cover.
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(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) percent slope, (E) developed land cover,
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Figure 30.  Summary of Piedmont Level III ecoregion and Atlanta EUSE study watershed characteristics by percentage of 
urban development class. A, Average annual temperature. B, Average annual precipitation. C, Mean elevation. D, Average slope. 
E, Developed land cover. F, Forested land cover. G, Agricultural land cover.
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Figure 31.  Cumulative distribution plot (blue line) of the percentage of (A) urban 
development, (B) forested, and (C) agricultural land cover in the Piedmont Level 
III ecoregion watersheds, and the percentage of the same land-cover types in the 
Atlanta EUSE study watersheds.
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Raleigh

The Raleigh, North Carolina, EUSE study area consists 
of 30 watersheds that are within the Piedmont Level III ecore-
gion (app. 1). Soils vary from fine to moderately fine textures 
in the coastal plain and piedmont areas (McMahon and Lloyd, 
1995). The climate is warm and humid with rainfall evenly 
distributed throughout the year. Streams have low to moderate 
gradients and typically have gravel to cobble substrate. 

The Raleigh study area includes five population 
centers—Raleigh-Cary, Greensboro–High Point, Durham, 
Winston-Salem, and Burlington, with a combined 2000 
population of 2.4 million, an increase of about 28 percent 
from 1990 (U.S. Census Bureau, 2009). The economy of the 
study area is diversified and has grown substantially in recent 
decades, in part as a result of the “Research Triangle” of 
Raleigh–Durham–Chapel Hill, a successful corporate research 
area associated with three nearby universities (McKnight, 
2004). Heavy industry, primarily textiles, tobacco, chemicals, 
and furniture, dominate in the western part of the study area 
near Winston-Salem and Greensboro. Land use in the area has 
undergone major transformations, from forests to agricultural 
lands, to forest again, and recently to urban and suburban uses. 
At one time, the region was heavily farmed in cotton, tobacco, 
corn, and wheat, and many areas underwent moderate to 
severe erosion of the silt/clay soils (Trimble, 1974). The peak 
of agriculture in North Carolina was in 1948 (Lambeth, 2006), 
at which time more than 19 million acres were farmland, 
which was about 61 percent of the land area in the State 
(Hurley, 1950). By 1982 the total acreage of agricultural land 
was less than 9 million acres, less than half of the 1950 total. 
Most of this loss was in the coastal plain and piedmont areas.

Climate Variables
The range in average annual temperatures in the 

Piedmont ecoregion watersheds is broader than in the Raleigh 
EUSE watersheds, and the ecoregion watersheds have a 
slightly higher median value (tables 3, 5; figs. 32A, B; 33A, B; 
34A, B). The range in average annual precipitation in the 
Piedmont ecoregion watersheds is 64.3 cm, much larger than 
the 10.4 cm range for the Raleigh EUSE watersheds, and 
is reflected in all development classes. The median average 
annual precipitation is similar for both sets of watersheds. 
The K-W test does not show a significant difference in the 
ecoregion and EUSE watersheds for either of these climate 
variables. 

Topographic Variables
The elevation and slopes within the Piedmont ecoregion 

vary greatly along an east to west transect (fig. 33C, D). The 
range in elevation of the Piedmont ecoregion watersheds is 
much greater than for the Raleigh EUSE watersheds, with a 
similar median value (figs. 32C, D; 34C, D). The percentage 
slopes of EUSE study watersheds are more homogenous than 
for the ecoregion as a whole, with a slightly lower median 
value. There is a significant difference between the ecoregion 
and EUSE watershed slope distributions, but the distributions 
of elevations were statistically similar. 

Land-Cover Variables
The range of developed land values in the Raleigh EUSE 

watersheds includes the range of values that exists in the 
Piedmont ecoregion as a whole, a pattern similar to Atlanta 
(figs. 32E, 34E, 35A). The ecoregion has a lower median and 
75th percentile of developed land than the EUSE sites, indicat-
ing that there are relatively few ecoregion watersheds with 
more than 10 percent developed land. The range and median 
values of the forested and agricultural land-cover percentages 
are greater for the ecoregion watersheds than for the EUSE 
watersheds (figs. 32E; 35B, C). The land cover in the Pied-
mont ecoregion is predominantly forest, and the undeveloped 
land in the Raleigh EUSE watersheds is also predominantly 
forest.
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Figure 32.  Summary of Piedmont Level III ecoregion and Raleigh EUSE study watershed
characteristics, including (A) average annual temperature, (B) average annual
precipitation, (C) elevation, (D) slope, in percent, and (E) land-cover, in percent.

Figure 32.  Summary of Piedmont Level III ecoregion and Raleigh EUSE study 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 33. Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Raleigh, including (A) average annual
temperature, and (B) average annual precipitation.

A B

PA

MD

WV
VA

NC

SC

TN

GA

AL

KY

0 200 MILES50 100 150

0 200 KILOMETERS100

ATLANTIC
OCEAN

85 80

40

35

Average annual temperature,
in degrees Celsius

EXPLANATION

Piedmont Level III ecoregion
Raleigh study area

12.5–13.0
13.1–14.0
14.1–15.0
15.1–16.0
16.1–17.0
17.1–18.0
18.1–19.0

PA

MD

WV
VA

NC

SC

TN

GA

AL

KY

0 200 MILES50 100 150

0 200 KILOMETERS100

ATLANTIC
OCEAN

85 80

40

35

Average annual precipitation,
in centimeters

EXPLANATION

Piedmont Level III ecoregion
Raleigh study area

107.6–110.0
110.1–120.0
120.1–130.0
130.1–140.0
140.1–150.0
150.1–160.0
160.1–170.0
170.1–180.0

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Base from U.S. Census Bureau,
2000 U.S. State boundary file,
1:100,000-scale digital data

Figure 33.  Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Raleigh, including (A) average 
annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land 
cover, and (G) agricultural land cover.
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Figure 33. Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Raleigh, including (C) elevation,
and (D) percent slope.
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Figure 33—Continued.  Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Raleigh, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 33. Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Raleigh, including
(E) developed land cover, and (F) forested land cover.
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Figure 33—Continued.  Summary of Piedmont Level III ecoregion watershed characteristics in the vicinity of Raleigh, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 33. Continued–Summary of Piedmont Level III ecoregion
watershed characteristics in the vicinity of Raleigh, including
(G) agricultural land cover.
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Figure 33—Continued.  Summary of Piedmont Level III ecoregion 
watershed characteristics in the vicinity of Raleigh, including 
(A) average annual temperature, (B) average annual precipitation, 
(C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover.
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Figure 34.  Summary of Piedmont Level III ecoregion and Raleigh EUSE study watershed characteristics by development
class (A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) percent slope,
(E) developed land cover, (F) forested land cover, and (G) agricultural land cover.
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Figure 34.  Summary of Piedmont Level III ecoregion and Raleigh EUSE study watershed characteristics by percentage of 
urban development class. A, Average annual temperature. B, Average annual precipitation. C, Mean elevation. D, Average slope. 
E, Developed land cover. F, Forested land cover. G, Agricultural land cover.
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Figure 35. Cumulative distribution plot
(blue line) of the percentage of (A) urban
development, (B) forested, and (C) agricultural
land cover in the Piedmont Level III ecoregion
watersheds, and the amount of the same land
cover types in the Raleigh EUSE study watersheds.  

Figure 35.  Cumulative distribution plot (blue line) of the percentage of (A) urban 
development, (B) forested, and (C) agricultural land cover in the Piedmont Level 
III ecoregion watersheds, and the percentage of the same land-cover types in the 
Raleigh EUSE study watersheds.
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Boston

The 30 Boston, Massachusetts, EUSE study watersheds 
include portions of Massachusetts, New Hampshire, Maine, 
and Connecticut and are located within the Northeastern 
Coastal Zone Level III ecoregion (app. 1). The area is charac-
terized by moderately coarse to coarse textured soils, low hills, 
forests, cropland and pasture, and urban lands (Flanagan and 
others, 1999; Giddings and others, 2009). The climate is cool 
and humid, and the area experiences frost periods and snow 
in winter months, although precipitation is evenly distributed 
throughout the year with slightly higher amounts in the spring 
and fall (Falcone and others, 2007).

The Boston study area includes portions of four cities, 
including Boston, Massachusetts; Worcester, Massachusetts; 
Concord, New Hampshire; and Manchester-Nashua, New 
Hampshire. The combined 2000 population for these 
cities, 5.7 million, increased by about 7 percent from 1990 
(U.S. Census Bureau, 2009). The land cover currently (2011) 
is composed of a mix of forest, urban, and agriculture. 
The area was first colonized and developed in the early to 
mid-1600s by immigrants from England for its location as a 
port on the Atlantic Ocean. The natural land cover was mixed 
forest but was cleared for lumber materials, and the land was 
converted to agricultural uses (Flanagan and others, 1999). 
The area was allowed to revert back to forests as the industrial 
revolution encouraged families to abandon the farms for jobs 
in the cities (Flanagan and others, 1999). Many factories and 
mills were built along rivers, so that more than 1,600 dams in 
the area regulate flows in the watershed with drainage areas 
exceeding 250 square kilometers (km2; Flanagan and others, 
1999). 

Climate Variables
The average annual temperature and precipitation ranges 

for the Northeastern Coastal Zone ecoregion are broad, given 
the small size of the ecoregion. For the Northeastern Coastal 
Zone ecoregion watersheds, the average annual temperature 
ranges from 7.2°C to 12°C, and the average annual precipita-
tion ranges from 98 to 139.6 cm (tables 3, 5; figs. 36A, B; 
37A, B; 38A, B). The Boston EUSE study watersheds have a 
lower median average annual temperature, with the maximum 
value lower than the 75th percentile value of the ecoregion 
range. The ecoregion watersheds with 80–100 percent 
development have the highest mean annual temperature, but 
no EUSE watersheds are in this development category. The 
median average annual precipitation is similar in both sets of 
watersheds, but the Boston EUSE watersheds have a narrower 
range. The K-W test indicates that the ecoregion and EUSE 
watersheds do not have significantly different average annual 
precipitation distributions.

Topographic Variables
The median elevation of the Boston EUSE watersheds 

is slightly higher and the range is smaller than that of the 
Northeastern Coastal Zone ecoregion watersheds (fig. 36C, D). 
Median slopes of the EUSE watersheds are also similar to 
those of the ecoregion watersheds, but the EUSE watersheds 
have a smaller range of values. The K-W test results indicate 
that the ecoregion and EUSE watersheds have the same 
distribution of values for the two topographic variables.

Land-Cover Variables
The range of developed land percentages in the Boston 

EUSE watersheds encompasses the range of values for the 
Northeastern Coastal Zone ecoregion watersheds (figs. 36E, 
38E, 39A). The most notable omission is for EUSE watersheds 
within the highest development category; no watersheds were 
sampled that were more than 80 percent developed. The ecore-
gion has a higher median and 75th percentile of developed 
land than the EUSE sites. The range and median values of the 
forested land-cover percentage are greater for the ecoregion 
watersheds than for the EUSE watersheds (figs. 36E, 39B). 
The land cover in the Northeastern Coastal Zone ecoregion is 
predominantly forest, and the undeveloped land in the Boston 
EUSE watersheds is also predominantly forest. Values of the 
ecoregion and EUSE watershed land-cover variables do not 
have statistically different distributions. 
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Figure 36.  Summary of Northeastern Coastal Zone Level III ecoregion and Boston
EUSE study watershed characteristics, including (A) average annual temperature,
(B) average annual precipitation, (C) elevation, ((D) slope, in percent, and (E) land cover,
in percent.

Figure 36.  Summary of Northeastern Coastal Zone Level III ecoregion and Boston EUSE study 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 37. Summary of Northeastern Coastal Zone Level III ecoregion watershed characteristics, including
(A) average annual temperature, and (B) average annual precipitation.
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Figure 37.  Summary of Northeastern Coastal Zone Level III ecoregion watershed characteristics, including (A) average annual 
temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, 
and (G) agricultural land cover. 
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Figure 37. Summary of Northeastern Coastal Zone Level III ecoregion watershed characteristics, including (C) elevation, and
(D) percent slope.
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Figure 37—Continued.  Summary of Northeastern Coastal Zone Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover. 
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Figure 37. Summary of Northeastern Coastal Zone Level III ecoregion watershed characteristics, including (E) developed land cover,
and (F) forested land cover.
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Figure 37—Continued.  Summary of Northeastern Coastal Zone Level III ecoregion watershed characteristics, including 
(A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) average slope, (E) developed land cover, 
(F) forested land cover, and (G) agricultural land cover. 
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Figure 37. Continued–Summary of Northeastern Coastal Zone
Level III ecoregion watershed characteristics, including
(G) agricultural land cover.
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Figure 37—Continued.  Summary of Northeastern Coastal Zone Level III ecoregion watershed 
characteristics, including (A) average annual temperature, (B) average annual precipitation, 
(C) elevation, (D) average slope, (E) developed land cover, (F) forested land cover, and 
(G) agricultural land cover. 
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Figure 38.  Summary of Northeastern Coastal Zone Level III ecoregion and Boston EUSE study watershed characteristics
by development class (A) average annual temperature, (B) average annual precipitation, (C) elevation, (D) percent slope,
(E) developed land cover, (F) forested land cover, and (G) agricultural land cover.
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Figure 38.  Summary of Northeastern Coastal Zone Level III ecoregion and Boston EUSE study watershed characteristics by 
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Figure 39.  Cumulative distribution plot (blue line) of the 
percentage of (A) urban development, (B) forested, and 
(C) agricultural land cover in the Northeastern Coastal Zone 
Level III ecoregion watersheds, and the percentage of the 
same land-cover types in the Boston EUSE study watersheds.
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Figure 39. Cumulative distribution plot
(blue line) of the percentage of (A) urban
development, (B) forested, and (C) agricultural
land cover in the Northeastern Coastal Zone
Level III ecoregion watersheds, and the amount
of the same land cover types in the Boston EUSE
study watersheds.  

Discussion
When comparing the distribution of values between 

ecoregion and EUSE watersheds, three important patterns 
emerge for factors that can influence the condition of stream 
ecosystems. These patterns have implications for the use 
of EUSE data in models that can be used to predict stream 
ecosystem condition. 

Background Land Cover is Either Forested  
or Agricultural

One important pattern is the predominance of either 
forested or agricultural land as the “background” land cover 
in the EUSE watersheds, that is, as the dominant land-cover 
type in the watersheds that are at the lower, or undeveloped, 
end of the gradient (table 3). In the three metropolitan areas 
with agriculture as the predominant land cover at the low end 
of the urban gradient—Denver, Dallas, and Milwaukee—the 
amount of agricultural land in the EUSE watersheds was 
either the same or lower than in the surrounding ecoregion 
(table 5). A similar pattern existed regarding forested land 
in the EUSE metropolitan areas where forested land was 
the dominant background land-cover type—either the same 
amount or a lower amount was present in the EUSE than the 
ecoregion. Because one of the EUSE study objectives was to 
represent a gradient of urban land cover, the distribution of the 
dominant background land-cover type in the EUSE watersheds 
typically was less than the distribution in the ecoregion as a 
whole. Given the relative scarcity of developed land cover, 
the selection of a set of study watersheds that encompassed a 
range of urban development from low to high required a bias 
in the distribution of the amount of other land-cover types. 
Of importance is that all EUSE study areas had the same 
predominant background land-cover type as their respective 
ecoregion.
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Representation of the EUSE Urban Gradient 
Relative to the Gradient for the Entire Ecoregion

 A number of methods were used to gauge the repre-
sentativeness of urban development in the EUSE watersheds 
to the ecoregion. When using the K-W test for similarity of 
populations, six of the nine EUSE metropolitan areas have a 
significant difference between the distribution of developed 
land cover in the study watersheds and in the corresponding 
ecoregion watersheds, with the EUSE watersheds having 
a larger median amount of developed land than in the 
corresponding ecoregion. This reflects the study objective 
to understand the effects of urban development on stream 
ecosystems. The use of an urban gradient design required, in 
most metropolitan areas, employing a group of watersheds 
with generally higher proportions of developed land than in 
the ecoregion watersheds. Representativeness in terms of 
how the amount of developed land was distributed among 
ecoregion watersheds was removed in EUSE watersheds in 
order to represent all portions of the cumulative distribution 
function (CDF) for developed land. 

Alternately, when broken down into five quintiles of 
development, the ranges within each development class are 
well represented in both the EUSE and ecoregion. With the 
exception of the middle range of development for Dallas–Fort 
Worth (40–60 percent developed) and the highest range of 
development for Boston (80–100 percent developed), all 
EUSE studies measured the full range of values for percentage 
developed land. 

The representativeness of the range of development 
conditions across the CDF is perhaps the most important 
overall condition for the success of this study, because of the 
use of the variable “percent developed land” as a predictor 
variable in models that predict stream ecosystem response. 
If the range of values for percent developed land from the 
EUSE watersheds do not represent the range of values for 
the ecoregion as a whole, models based on the EUSE data 
cannot be used to predict ecosystem response in areas of the 
ecoregion where watersheds have amounts of developed land 
that lie outside the EUSE watershed range. 

For example, multilevel hierarchical regression was used 
to examine regional patterns in the responses of benthic mac-
roinvertebrates and algae to urban development across the nine 
EUSE studies (Cuffney and Falcone, 2009). Linear regressions 
established that responses of invertebrates (intercepts and 

slopes) to the amount of urban development varied among the 
nine areas. Multilevel hierarchical regression models were 
able to explain these differences on the basis of region-scale 
predictors as well as the amount of watershed developed land. 
The type of land cover being converted to urban in each of 
the ecoregions (for example, either agricultural or forested), 
as well as precipitation and air temperature were regional 
variables that accounted for the differences in the response 
of macroinvertebrates to urbanization. The effects of climatic 
factors (temperature, precipitation) were most apparent when 
simulated in conjunction with antecedent agriculture. The abil-
ity of multilevel hierarchical regression to directly incorporate 
predictors measured at multiple spatial scales (basin, region) 
provides a powerful tool for understanding the response of 
stream ecosystems to urbanization over broad geographical 
areas. Unless the amount of urban development represented 
in the EUSE watersheds represents the range of conditions 
across each ecoregion, however, the usefulness of the model to 
predict invertebrate response to urban development in areas of 
the ecoregion not well represented will be limited.

Climate Zones

In seven of the nine metropolitan areas, climate variables 
were significantly different from climate conditions repre-
sented by the similarly sized ecoregion watersheds. Climate 
variables for Portland and Raleigh were not significantly 
different from their respective ecoregion watersheds on the 
basis of the K-W test results. Because climate variables were 
shown to be an important factor in predicting the response 
of macroinvertebrates to urbanization, particularly in areas 
in which agriculture was the predominant land cover prior 
to urbanization, a further subset of the Level III ecoregions 
may be necessary to maintain areas with similar climate 
characteristics. Areas of similar climate characteristics were 
defined that include all areas in the ecoregion with average 
annual precipitation and temperature within the minimum and 
maximum values for EUSE watersheds (fig. 40). Although 
watersheds in an ecoregion with climate conditions outside 
of the range represented by the EUSE watersheds may still 
be representative of the ecoregion, the relatively anomalous 
climate conditions of EUSE watersheds in many ecoregions 
may suggest the need to subset the Level III ecoregions into 
smaller zones for applying EUSE models to generalize results.
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Figure 40.  Climate zones within the range of precipitation and 
temperature values of the corresponding EUSE study watersheds.  
A, Portland. B, Salt Lake City. C, Denver. D, Dallas. E, Milwaukee. 
F, Birmingham. G, Atlanta. H, Raleigh. I, Boston.
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Figure 40—Continued.  Climate zones within the range of 
precipitation and temperature values of the corresponding EUSE 
study watersheds. A, Portland. B, Salt Lake City. C, Denver. 
D, Dallas. E, Milwaukee. F, Birmingham. G, Atlanta. H, Raleigh. 
I, Boston.
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Figure 40—Continued.  Climate zones within the range of 
precipitation and temperature values of the corresponding EUSE 
study watersheds. A, Portland. B, Salt Lake City. C, Denver. 
D, Dallas. E, Milwaukee. F, Birmingham. G, Atlanta. H, Raleigh. 
I, Boston.
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Conclusions
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 assessed to 
determine if findings from each metropolitan area can be 
generalized across the Level III ecoregion within which the 
EUSE study watersheds are located. The degree to which 
seven characteristics of the EUSE watersheds that affect 
stream ecosystems—land cover (the percent developed, forest 
and shrubland, and herbaceous and cultivated, respectively), 
average annual temperature, average annual precipitation, 
average elevation, and average percent slope—are similar to 
the characteristics of the watersheds in the entire ecoregion 
were examined.

Three findings emerged from this comparison that 
have implications for the use of EUSE data in models used 
to predict stream ecosystem condition. The predominance 
of either forested or agricultural land as the “background” 
land cover in the EUSE watersheds that are at the lower, or 
undeveloped, end of the gradient was also the predominant 
background land-cover type for the ecoregion watersheds. 
The background land cover has been found to be an important 
variable in macroinvertebrates response to increasing 
urbanization. Another finding is the extent to which the 
distribution of developed land cover in each set of EUSE 
watersheds is similar to the distribution for the watersheds in 
the corresponding ecoregion. When looking at the distribution 
of development within an ecoregion, only two ecoregions 
have a quintile of development that were not sampled as 
part of the EUSE study. The highest quintile of development 
in the Northeastern Coastal Zone and the 40–60 percent 
development class in the Texas Blackland Prairie ecoregion 
were not represented by the Boston and Dallas EUSE studies, 
respectively. All other development classes were represented. 
Finally, with the exception of Raleigh and Portland, climate 
variables in the EUSE watersheds are different from the 
distribution for all watersheds in the corresponding ecoregion. 
Given the importance of climate variables in some modeling 
scenarios, caution may be exercised in generalizing EUSE 
results in Level III ecoregions corresponding to these seven 
metropolitan areas. Climate zones are proposed as a means 
of subsetting the ecoregion into areas that reflect the climate 
conditions of the watersheds that were sampled in the EUSE 
study areas.
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Portland

The Portland metropolitan study area is located in north-
western Oregon and southwestern Washington. The major 
drainage for the studied watersheds is the Willamette River, 
nestled between the Coast and Cascade Mountain Ranges. 
Most of the studied watersheds are located within the Wil-
lamette Valley ecoregion, characterized as a broad, lowland 
valley with a patchwork of land-use types that include ever-
green forests, agriculture, urban areas, and wetlands. Land-
forms consist of terraces and flood plains that are interlaced 

and surrounded by rolling hills. 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. 

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. Portland is the dominant commercial center of the 
study area with extensive port facilities on the Columbia and 
Willamette Rivers. The economy includes forestry and timber 
processing; fruit, wheat, and specialized farming; dairying; 
food processing; and tourism.

Table 1–1.  Study watersheds located in the Portland, Oregon, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 14199710 Nate Creek near Colton, Oreg. 28.75
2 14205400 East Fork Dairy Creek near Meacham Corner, Oreg. 87.54
3 14206347 Rock Creek at Quatama Road near Hillsboro, Oreg. 66.72
4 14206435 Beaverton Creek at SW 216th Ave, near Orenco, Oreg. 95.62
5 14206750 Chicken Creek near Sherwood, Oreg. 40.04
6 14206950 Fanno Creek at Durham, Oreg. 80.73
7 14211315 Tryon Creek below Nettle Creek, near Lake Oswego, Oreg. 17.12
8 434745123040200 Silk Creek near Cottage Grove, Oreg. 42.17
9 435212122483300 Lost Creek near Dexter, Oreg. 83.42

10 440257123103200 Amazon Creek near Danebo Road at Eugene, Oreg. 50.25
11 443326123165200 Oak Creek at Corvallis, Oreg. 32.50
12 445029122592600 Battle Creek near Turner, Oreg. 29.91
13 445551123015800 Pringle Creek at Salem, Oreg. 24.79
14 450022123012400 Claggett Creek at Keizer, Oreg. 24.84
15 450955122291200 Milk Creek at Camp Adams, Oreg. 103.78
16 451734122585400 Chehalem Creek at Newberg, Oreg. 97.85
17 452149123194900 North Yamhill Creek near Yamhill, Oreg. 65.86
18 452231122200000 Deep Creek near Sandy, Oreg. 31.36
19 452337122243500 North Fork Deep Creek at Barton, Oreg. 37.01
20 452414122213200 Tickle Creek near Boring, Oreg. 34.08
21 452526122364400 Kellogg Creek at Milwaukie, Oreg. 34.11
22 452912122291200 Johnson Creek at Circle Ave, Oreg. 55.63
23 453506123125700 Iler Creek near Forest Grove, Oreg. 12.59
24 454321122352300 Curtin Creek near Vancouver, Wash. 30.30
25 454510122424900 Whipple Creek near Salmon Creek, Wash. 22.17
26 454543122524900 South Scappose Creek at Scappose, Oreg. 65.32
27 454549122295800 Salmon Creek near Battleground, Wash. 58.84
28 455122122310600 Rock Creek near Battleground, Wash. 26.08

Appendix 1: Watersheds in nine metropolitan areas 
used in studying the effects of urbanization on stream 
ecosystems
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Figure 1–1.  Locations of study watersheds in the Portland, Oregon, metropolitan area.
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Salt Lake City

The Salt Lake City study watersheds are located in three 
major river systems: the Bear, the Weber, and the Utah Lake/
Jordan River systems. These river basins, in turn, are located 
in the Great Basin between the Wasatch Range in the Rocky 
Mountains and the Sierra Nevada Mountains, a closed area 
that allows no outflow to other bodies of water such as riv-
ers or oceans. The study area is characterized by cold desert 
basins, scattered low and high mountains, and salt flats. The 
climate of the study area is semiarid with most of the pre-
cipitation occurring as winter snows or occasional summer 
thunderstorms. The lowland valleys have moderate tempera-
ture shifts between winter and summer; whereas, the high 
mountains have long, cold winters and short, cool summers. 

Streams in the study area arise in the Wasatch Range and flow 
westerly through the urban areas. 

The Salt Lake City study area includes four main met-
ropolitan areas, Salt Lake City, Logan, Ogden, and Provo.  
The combined 2000 population was 1.9 million, a 29 percent 
increase from 1990. Typical of semiarid urban areas in the 
western United States, an array of reservoirs, diversions, and 
canals alters the hydrologic regime of most Salt Lake City 
streams, and water rights is a continuous area of conten-
tion. Land use in the study area was historically grasslands, 
evergreen forests, and desert shrubs, some of which has been 
converted to irrigated agriculture and urban. The economy is 
the area is largely supported by mining, church, government, 
finance, education, research, high-technology industries, trans-
portation, recreation, and tourism.

Table 1–2.  Study watersheds located in the Salt Lake City, Utah, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 10167800 Little Cottonwood Creek at Crestwood Park at Salt Lake City, Utah 9.87
2 400927111354501 Hobble Creek at 800 East at Springville, Utah 9.64
3 400959111363201 Hobble Creek at Center Street at Springville, Utah 10.63
4 401442111402201 Provo River at 800 North at Salt Lake City, Utah 24.21
5 401653111400301 Provo River at 3700 North at Provo, Utah 7.77
6 401850111392201 Provo River at Highway 189 at Provo, Utah 3.71
7 403707111463701 Big Cottonwood Creek above Water Treatment Plant at Salt Lake City, Utah 0.50
8 403755111514201 Little Cottonwood Creek at Wheeler Farm at Salt Lake City, Utah 13.64
9 403927111523601 Little Cottonwood Creek at Murray Park at Salt Lake City, Utah 28.91

10 403945111501001 Big Cottonwood Creek at Cottonwood Mall at Salt Lake City, Utah 14.62
11 404000111515801 Big Cottonwood Creek at 900 East at Salt Lake City, Utah 26.66
12 404140111481601 Mill Creek at 3060 East at Salt Lake City, Utah 1.51
13 404143111500101 Mill Creek at 2000 East Salt Lake City, Utah 2.00
14 404218111525601 Mill Creek at 300 East at Salt Lake City, Utah 25.21
15 404317111503601 Parleys Creek at Sugarhouse Park at Salt Lake City, Utah 4.69
16 404349111512201 Emigration Creek at 1200 East at Salt Lake City, Utah 4.26
17 404430111495301 Emigration Creek at 1300 South at Salt Lake City, Utah 3.06
18 405854111534801 Farmington Creek at Frontage Road at Farmington, Utah 3.23
19 410041111581101 Baer Creek at Frontage Road at Kaysville, Utah 3.58
20 410148111535301 Baer Creek at Fruit Heights, Utah 0.10
21 410231111565001 Holmes Creek at Main Street at Layton, Utah 2.30
22 410250111571501 North Fork of Holmes Creek at Main Street at Layton, Utah 6.91
23 410342111574201 Kays Creek at Layton, Utah 14.32
24 410453111570001 Kays Creek at 1000 East at Layton, Utah 10.22
25 410501111555201 South Fork of Kays Creek at Layton, Utah 3.09
26 410522111541201 South Fork Kays Creek at Fernwood Picnic Area at Salt Lake City, Utah 3.94
27 411407111580501 Ogden River at Washington Avenue at Ogden, Utah 4.45
28 411413111554601 Ogden River at Valley Drive Ogden, Utah 0.90
29 411413111564101 Ogden River at Harrison Avenue at Ogden, Utah 3.08
30 414258111502001 Logan River at Golf Course Road at Salt Lake City, Utah 4.58
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Figure 1–2.  Locations of study watersheds in the Salt Lake City, Utah, metropolitan area.
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Birmingham
The Birmingham study watersheds are located in the 

Mobile River Basin in Georgia and Alabama in the south-
eastern United States, where mountain ridges typically are 
sandstone and valley floors primarily are limestone or shale. 
The climate is warm and humid with rainfall evenly distrib-
uted throughout the year, except for a dry period in August to 
October. 

Major metropolitan centers in the study area include 
Birmingham, Anniston, and Gadsden, Alabama. The combined 
2000 population for these three cities was 1.3 million, an 
8percent increase from 1990. The dominant natural vegetative 
cover is Appalachian oak forest, and land use is predominantly 
cropland, pasture, and urban lands. Steel manufacturing is an 
important part of Birmingham’s economy along with the medi-
cal, trade, finance, research and government fields.

Table 1–3.  Study watersheds located in the Birmingham, Alabama, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 02388518 Little Dry Creek at US 27 at Rome, Ga. 20.02
2 02397939 Chappel Creek at Long Branch Road near Trion, Ga. 14.32
3 02398001 Town Branch near Summerville, Ga. 4.70
4 02400675 Unnamed Tributary to Big Wills Creek at State Route 35 near Fort Payne, Ala. 12.11
5 02400725 Mush Creek near Portersville, Ala. 24.47
6 02400800 Little Wills Creek at Collins Chapel Road at Collinsville, Ala. 27.88
7 02401350 Big Canoe Creek at Canoe Creek Road near Springville, Ala. 54.37
8 02401355 Unnamed Tributary to Big Canoe Creek near Springville, Ala. 10.50
9 02401749 Williams Branch near Jacksonville, Ala. 23.92

10 02401760 Little Tallaseehatchee Creek near Weaver, Ala. 38.12
11 02403380 Snow Creek below Anniston , Ala. 44.72
12 02406930 Shirtee Creek near Odena, Ala. 43.32
13 02423120 Cahaba River above Trussville, Ala. 50.15
14 0242339580 Little Cahaba River near, Markeeta, Ala. 15.70
15 02423397 Little Cahaba River below Leeds, Ala. 43.95
16 02423515 Patton Creek near Bluff Park below Patton Chapel, Ala. 28.77
17 02423536 Buck Creek at Buck Creek Road at Alabaster, Ala. 38.70
18 0242354650 Cahaba Valley Creek at Indian Trail Road near Indian Springs, Ala. 36.97
19 0242354750 Cahaba Valley Creek at Cross Creek Road at Pelham, Ala. 66.07
20 02423576 Shades Creek at Lakeshore Drive near Mountain Brook, Ala. 42.08
21 02423581 Shades Creek at Samford University at Homewood, Ala. 56.30
22 02423590 Unnamed Tributary to Shades Creek near Oxmoor, Ala. 5.99
23 02423620 Little Shades Creek at State Highway 150 near Bessemer, Ala. 21.68
24 02423729 Dry Creek at Spring Creek Road near Montevallo, Ala. 34.69
25 0242372950 Spring Creek at County Road 16 near Moores Crossroads, Ala. 33.07
26 02456900 Fivemile Creek at Fivemile Road near Huffman, Ala. 25.04
27 02456980 Fivemile Creek at Lawson Road near Tarrant City, Ala. 48.66
28 02458150 Village Creek at East Lake in Birmingham, Ala. 14.22
29 02461200 Valley Creek at Cleburn Avenue at Powderly, Ala. 52.10
30 02461670 Five Mile Creek at Nevel Road near McCalla, Ala. 33.90
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Figure 1–3.  Locations of study watersheds in the Birmingham, Alabama, metropolitan area.
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Atlanta
The Atlanta study watersheds, located in northern 

Georgia, are characterized by gently rolling topography and 
dissected irregular plains. The soils are almost exclusively 
fine-grained sediments. The climate is warm and humid with 
precipitation relatively consistent throughout the year, typical 
of the southeastern United States. Streams in the area typically 
have low to moderate gradients with cobble, gravel, and sandy 
substrates. 

Three major population centers of the area are Atlanta, 
Sandy Springs, and Marietta with a 2000 population of 
4,247,981, a 38.4 percent increase from 1990. Natural land-
cover in the Atlanta study area is oak-hickory-pine forest; 
however, current land use and land cover includes forested 
areas in silviculture and agricultural production of hay, cattle 
and poultry, and sprawling urban development. The economy 
is diversified and includes medical, industrial, commercial, 
and service sectors.

Table 1–4.  Study watersheds located in the Atlanta, Georgia, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 02204230 Big Cotton Indian Creek at GA 138, near Stockbridge, Ga. 129.43
2 02204468 Walnut Creek at Airline Road, near Mcdonough, Ga. 125.06
3 02206314 Jackson Creek at Lester Road, near Lilburn, Ga. 55.46
4 02208150 Alcovy River at New Hope Road, near Grayson, Ga. 79.47
5 02213450 Little Tobesofkee Creek near Bolingbroke, Ga. 146.25
6 02217293 Little Mulberry River at Ga. 211, near Hoschton, Ga. 73.49
7 02217471 Beech Creek at Ga. 211, near Statham, Ga. 52.46
8 02218700 Apalachee River near Bethlehem, Ga. 138.56
9 02221000 Murder Creek near Monticello, Ga. 61.41

10 02334885 Suwanee Creek at Suwanee, Ga. 122.10
11 02335870 Sope Creek near Marietta, Ga. 79.54
12 02335910 Rottenwood Creek (Interstate North Parkway) near Smyrna, Ga. 48.10
13 02336635 Nickajack Creek at US 78/278, near Mableton, Ga. 80.69
14 02336728 Utoy Creek at Great Southwest Parkway near Atlanta, Ga. 90.06
15 02336822 Mill Creek at Morning Side Drive, near Hiram, Ga. 100.72
16 02336876 Powder Springs Creek Oglesby Road, Powder Springs, Ga. 66.14
17 02336968 Noses Creek at Powder Springs Road,Powder Springs, Ga. 114.79
18 02337395 Dog River at North Helton Road, near Winston, Ga. 109.08
19 02338280 Whooping Creek at Ga. 5, near Whitesburg, Ga. 68.66
20 02338375 Centralhatchee Creek Armstrong Mill Road, Ctrlhtche, Ga. 82.69
21 02338523 Hillabahatchee Creek at Thaxton Road, near Franklin,Ga. 43.22
22 02339480 Oseligee Creek at County Road 92 near Fredonia, Ala. 77.07
23 02340282 House Creek at Ga. 103, near Whitesville, Ga. 77.72
24 02344340 Morning Creek at Ga. 54, near Fayetteville, Ga. 101.58
25 02344480 Shoal Creek near Griffin, Ga. 53.40
26 02344737 Whitewater Creek at Willow Pond Road near Fayetteville, Ga. 110.50
27 02344797 White Oak Creek at Cannon Road, near Raymond, Ga. 112.68
28 02344887 Red Oak Creek at Ga. 362, near Gay, Ga. 109.03
29 02346358 Turnpike Creek near Milner, Ga. 48.21
30 02347748 Auchumpkee Creek at Allen Road, near Roberta, Ga. 111.96
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Figure 1–4.  Locations of study watersheds in the Atlanta, Georgia, metropolitan area.
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Raleigh
The Raleigh study watersheds are located in central North 

Carolina with irregular plains and some hills. Soils in the area 
vary from fine to moderately fine textures in the Coastal Plain 
and Piedmont areas. The climate is warm and humid, with 
rainfall evenly distributed throughout the year. Streams in all 
three subecoregions have low to moderate gradients and typi-
cally have gravel to cobble substrate. 

The Raleigh study area includes five population cen-
ters—Raleigh-Cary, Greensboro–High Point, Durham, 
Winston-Salem, and Burlington—with a combined 2000 
population of 2.4 million, an increase of about 28 percent from 

1990. The economy of the study area is diversified and has 
grown substantially in recent decades, in part as a result of the 
“Research Triangle” of Raleigh–Durham–Chapel Hill, a suc-
cessful corporate research area associated with three nearby 
universities. Heavier industry, primarily textiles, tobacco, 
chemicals, and furniture, dominate in the western part of the 
study area near Winston-Salem and Greensboro. Land use in 
the area has undergone major transformations, from forests to 
agricultural lands, to forest again, and as of late, to urban and 
suburban lands. At one time, the region was heavily farmed in 
cotton, tobacco, corn, and wheat, and many areas underwent 
moderate to severe erosion of the silt/clay soils.

Table 1–5.  Study watersheds located in the Raleigh, North Carolina, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 02081190 Tar River near Berea, N.C. 66.25
2 02081510 Foundry Branch at mouth near Oxford, N.C. 12.56
3 0208500600 Cates Creek near Hillsborough, N.C. 10.88
4 0208501535 Strouds Creek at St Marys Road near Hillsborough, N.C. 23.15
5 02085430 Deep Creek near Moriah, N.C. 82.49
6 0208725055 Black Creek at Weston Parkway near Cary, N.C. 8.99
7 0208726370 Richlands Creek at Schenk Forest near Cary, N.C. 11.24
8 0208726995 Hare Snipe Creek at SR 1822 near Leesville, N.C. 16.01
9 0208730725 Beaverdam Creek at Glenwood Aveue at Raleigh, N.C. 7.98

10 0208732610 Pigeon House Branch at Crabtree Boulevard at Raleigh, N.C. 11.37
11 02087580 Swift Creek near Apex, N.C. 54.26
12 0208758440 Dutchmans Branch at SR 1386 near Mccullers Crossrds, N.C. 11.73
13 0208794025 Camp Branch above SR 1390 near Holly Springs, N.C. 5.54
14 0209517912  North Buffalo Creek at Greensboro, N.C. 12.59
15 0209647280 Service Creek above Dry Creek at Burlington, N.C. 12.74
16 0209647295 Dry Creek above Service Creek at Burlington, N.C. 6.50
17 0209651815 Branch Creek Below NC 54 near Graham, N.C. 4.92
18 0209665940 Rock Creek Tributary at Stoney Creek Golf Course near Sedalia, N.C. 11.66
19 0209665990 Rock Creek above Rock Creek Tributary near Whitsett, N.C. 25.98
20 0209679804 Little Alamance Creek at SR 2309 near Graham, N.C. 37.35
21 0209695780 Brooks Creek at Eddie Perry Road near Bynum, N.C. 23.88
22 0209697900 Pokeberry Creek near Pittsboro, N.C. 29.79
23 02097355 Bolin Creek above Franklin Streetnear Chapel Hill N.C. 29.81
24 02097464 Morgan Creek near White Cross, N.C. 21.45
25 0209750881 Wilson Creek at mouth near Chapel Hill, N.C. 9.17
26 02099238 Bull Run at NC 29/70 near Jamestown, N.C. 17.95
27 02099480 Richland Creek near Archdale, N.C. 32.69
28 02100295 Hasketts Creek Below SR 2149 near Central Falls, N.C. 30.43
29 02100634 Vestal Creek near Asheboro, N.C. 16.45
30 0211583580 Bowen Branch near mouth at Winston-Salem, N.C. 5.02
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Figure 1–5.  Locations of study watersheds in the Raleigh, North Carolina, metropolitan area.
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Boston
The Boston study area includes portions of Massachu-

setts, New Hampshire, Maine, and Connecticut. The area 
is characteristic of New England with moderately coarse to 
coarse textured soils, low hills, forests, cropland and pasture, 
and urban lands. The climate is cool and humid, and the area 
experiences frost periods and snow in winter months, although 
precipitation is evenly distributed throughout the year, with 
slightly higher amounts in the spring and fall. 

The Boston study area includes portions of four cities, 
including Boston, Massachusetts; Worcester, Massachusetts; 
Concord, New Hampshire; and Manchester-Nashua, New 

Hampshire. The combined 2000 population for these cities, 
5.7 million, increased by about 7 percent from 1990. The land 
cover currently (2011) is composed of a mix of forest, urban, 
and agriculture. This area was first colonized and developed 
in the early to mid 1600s by immigrants from England for its 
location as an excellent port on the Atlantic Ocean. The natural 
land cover was mixed forest, but was cleared for lumber mate-
rials and the land was converted to agricultural uses. The area 
was allowed to revert back to forests as the industrial revolu-
tion encouraged families to abandon the farms for jobs in the 
cities. Many factories and mills were built along rivers, so that 
more than 1,600 dams in the area regulate flows in mid-sized 
to large rivers (basin areas greater than 250 km2).

Table 1–6.  Study watersheds located in the Boston, Massachusetts, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 01072540 Little River near Lebanon, Maine 45.85
2 01072650 Greatworks River near North Berwick, Maine 60.16
3 01072845 Isinglass River Batchelder Road near center Strafford, N.H. 59.41
4 01072904 Bellamy River at Bellamy Road near Dover, N.H. 68.46
5 01073260 Lamprey River Cotton Road near Deerfield, N.H. 83.09
6 01073458 North River at Route 152 near Nottingham, N.H. 74.85
7 010734833 Little River at Cartland Road at Lee, N.H. 52.17
8 01089743 Little Suncook River Blackhall Road at Epsom, N.H. 101.35
9 01090477 Black Brook Dunbarton Road near Manchester, N.H. 53.65

10 01094005 Baboosic River Bedford Road near Merrimack, N.H. 73.00
11 01095220 Stillwater River near Sterling, Mass. 78.70
12 01096544 Stony Brook at School Street at Chelmsford, Mass. 107.67
13 010965852 Beaver Brook at North Pelham, N.H. 121.70
14 01096710 Assabet River at Allen Street at Northborough, Mass. 76.40
15 01096945 Elizabeth Brook off White Pond Road near Stow, Mass. 48.54
16 01097270 Fort Pond Brook at River Road near South Acton, Mass. 53.75
17 01097476 Sudbury River at Concord Street at Ashland, Mass. 89.56
18 01101500 Ipswich River at South Middleton, Mass. 115.30
19 01102345 Saugus River at Saugus Ironworks at Saugus, Mass. 60.40
20 01102500 Aberjona River (head of Mystic River) at Winchester, Mass. 58.20
21 011032058 Charles River at Maple Street at North Bellingham, Mass. 54.20
22 01105000 Neponset River at Norwood, Mass. 84.90
23 01105500 East Branch Neponset at Canton Junction, Mass. 72.85
24 01105581 Monatiquot River at River Street at Braintree, Mass. 71.22
25 01106468 Matfield River at North Central Street at East Bridgewater, Mass. 79.75
26 01109000 Wading River (head of Threemile River) near Norton, Mass. 113.40
27 01109595 Middle River off Sutton Lane at Worcester, Mass. 124.66
28 01110000 Quinsigamond River at North Grafton, Mass. 66.20
29 01112262 Mill River at Summer Street near Blackstone, Mass. 73.72
30 01193340 Blackledge River above Lyman Brook near North Westchester, Conn. 49.21
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Figure 1–6.  Locations of study watersheds in the Boston, Massachusetts, metropolitan area.
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Denver
The major drainage basin in the Denver study area is the 

South Platte River and includes portions of north-central Colo-
rado and southeastern Wyoming. Elevation in the study area 
ranges from about 1,500 to 2,500 meters above NAVD 88, 
although the study area is bordered on the west by the South-
ern Rockies ecoregion, where elevations are considerably 
higher. The climate is semiarid, and precipitation in the study 
area is affected considerably by topography. Most of the pre-
cipitation on the plains results from rainfall, primarily between 
April and September; however, perennial streamflow also is 
fed by snowmelt from the mountains. Smaller streams are 
often ephemeral, and a complex network of ditches and pipes 

moves water between different areas for domestic water sup-
ply, agricultural irrigation, and power generation. Land cover 
in the study area is dominated by grassland and agriculture in 
the plains and coniferous forest in the western mountains.

The Denver study area includes four main city cen-
ters—Denver-Aurora, Boulder, and Fort Collins–Loveland, 
Colorado, and Cheyenne, Wyoming. The combined 2000 
population for these four cities, 2.8 million, was a 30 percent 
increase from 1990. The economy is diversified and includes 
telecommunications, software, agriculture, mining, and heavy 
industry. Denver is a major regional center for U.S. Govern-
ment offices, a transportation hub, and a tourist gateway to the 
mountain recreational areas of the southern Rockies.

Table 1–7.  Study watersheds located in the Denver, Colorado, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 06713500 Cherry Creek at Denver, Colo. 80.92
2 393557105033101 Dutch Creek at Weaver Park near Columbine Valley, Colo. 21.28
3 393613104511401 Cottonwood Creek above Newark, Wyo. at Greenwood Village, Colo. 18.05
4 393948105053501 Bear Creek below Estes Road at Lakewood, Colo. 62.95
5 394107105021001 Sanderson Gulch above Lowell Avenue at Denver 14.06
6 394409105020501 Lakewood Gulch above Knox Streetat Denver, Colo. 40.75
7 394553105075101 Lena Gulch at Lewis Meadows Park at Wheat Ridge Colo. 23.07
8 394629105063101 Clear Creek below Kipling at Wheat Ridge Colo. 65.52
9 394919105074601 Ralston Creek above Simms at Arvada Colo. 25.46

10 394921105015701 Little Dry Creek below Lowell Streetnear Westminster, Colo. 18.30
11 395324105035001 Big Dry Creek below Hyland Creek at Westminster, Colo. 91.65
12 395554105085601 Rock Creek above Rock Creek Parkway, at Superior, Colo. 18.74
13 395707105100401 Coal Creek above Mccaslin Road at Superior, Colo. 23.13
14 395958105113501 Dry Creek above Baseline Road near Boulder, Colo. 10.53
15 400000105125400 S Boulder Creek at Baseline Road near Boulder, Colo. 32.08
16 400023105142301 Bear Creek above Wellman Feeder Canal, at Boulder, Colo. 6.12
17 400217105123701 Boulder Creek below 61st Street, near Boulder, Colo. 87.61
18 400607105094401 Dry Creek below Niwot Road, at Niwot, Colo. 55.95
19 400810105071301 Left Hand Creek above Pike Road at Longmont, Colo. 30.49
20 400855105090501 Dry Creek below Airport Road near Longmont, Colo. 30.73
21 400925105023201 Spring Gulch at Sandstone Ranch Pk near Longmont, Colo. 38.33
22 402549105043101 Dry Creek at US 287, at Loveland, Colo. 17.63
23 403035105035301 Mail Creek near mouth at Fort Collins, Colo. 4.14
24 403048105042701 Fossil Creek at College Ave, at Fort Collins, Colo. 26.68
25 403308105001601 Boxelder Creek at mouth, near Fort Collins, Colo. 558.64
26 403356105024001 Spring Creek at Edora Park, at Fort Collins, Colo. 22.58
27 410714104480101 Crow Creek above Morrie Ave, at Cheyenne, Wyo. 509.02
28 413659104370001 Bear Creek above Little Bear Cr, near Phillips, Wyo. 458.59
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Figure 1–7.  Locations of study watersheds in the Denver, Colorado, metropolitan area.
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Dallas
The Dallas study area is located in the upper drainage of 

the Trinity River watershed in north-central Texas, which is an 
area of generally rolling to level plains. The soil texture is pri-
mary fine to moderately fine. The climate is warm and semi-
arid, with precipitation occurring primarily in the spring and 
late summer. Surface water in the study area consists primarily 
of reservoirs, intrawatershed transfers, diversions of water to 
municipalities, and wastewater effluent. Small streams in the 

area are generally intermittent. Land cover includes grass-
lands, pastures, row crops, and developed land.

The predominant metropolitan area of the Dallas met-
ropolitan study area is Dallas–Fort Worth–Arlington, with a 
population in 2000 of 5 million, a 29.4 percent increase since 
1990. Dallas is a major regional center, and the economy 
includes finance, oil, transportation, aerospace, and electron-
ics. Fort Worth, a twin city to Dallas, has an economic focus 
based on cattle, railways, and agricultural processing.

Table 1–8.  Study watersheds located in the Dallas, Texas metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 08049490 Johnson Creek near Duncan Perry Road, Grand Prairie, Tex. 43.23
2 08049580 Mountain Creek near Venus, Tex. 51.96
3 08049955 Fish Creek at Belt Line Road, Grand Prairie, Tex. 58.27
4 08052740 Doe Branch at Fishtrap Road near Prosper, Tex. 94.53
5 08057200 White Rock Creek at Greenville Ave, Dallas, Tex. 173.01
6 08057431 Fivemile Creek near Simpson Stuart Road, Dallas, Tex. 108.99
7 08057475 Parsons Slough near Davis Road near Crandall, Tex. 115.72
8 08059530 Tickey Creek near CR 400 near Princeton, Tex. 26.81
9 08059571 Wilson Creek near Gray Branch Road near Mckinney, Tex. 80.96

10 08061536 Spring Creek at Naaman School Road near Garland, Tex. 91.09
11 08061740 Duck Creek at Town East Boulevard near Mesquite, Tex. 102.33
12 08061780 Buffalo Creek near Trinity Road at Forney, Tex. 88.16
13 08061952 South Mesquite Creek at Lawson Road near Mesquite, Tex. 64.62
14 08061995 Mustang Creek at FM 2757 near Crandall, Tex. 42.99
15 08062020 Buffalo Creek near FM 148 near Crandall, Tex. 58.95
16 08062090 Red Oak Creek near Hampton Road near Red Oak, Tex. 53.82
17 08062525 Walker Creek near Oil Field Road near Rosser, Tex. 59.26
18 08062550 Bois D'Arc Creek near CR 4072 near Rosser, Tex. 57.89
19 08062600 Grays Creek at CR 1603 near Rice, Tex. 64.83
20 08062805 Williams Creek near FM 1836 near Kemp, Tex. 68.04
21 08063047 Bynum Creek near FM 308 near Malone, Tex. 52.78
22 08063300 Pin Oak Creek near FM 73 near Coolidge, Tex. 101.68
23 08063510 Little Pin Oak Creek near Ih 45 near Richland, Tex. 40.87
24 08063555 S Fk Chambers Creek near CR 102 near Maypearl, Tex. 291.37
25 08063565 Mill Creek at Lowell Road near Milford, Tex. 80.37
26 08063574 Big Onion Creek at Feaster Road near Bardwell, Tex. 52.91
27 08063595 South Prong Creek at FM 876 near Waxahachie, Tex. 53.41
28 08063692 Mustang Creek at Moseley Road near Ennis, Tex. 55.84
29 08064695 Tehuacana Creek at Rural Road 27 near Wortham, Tex. 164.70
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Figure 1–8.  Locations of study watersheds in the Dallas, Texas, metropolitan area.
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Milwaukee
The Milwaukee study area is located in the southeast-

ern United States along the Lake Michigan shoreline. Land 
surface is characterized by glacial outwash plains, lacustrine 
watersheds, level to rolling till plains, and extensive wetland 
areas. The climate is characterized by cold winters and moder-
ate, wet summers, with most of the precipitation occurring 
between May and September. Highest streamflows usually 
occur in March through May as a result of snowmelt or a com-
bination of rain and snow; however, summer thunderstorms 
can produce flood peaks that exceed snowmelt peaks. The 
presettlement land cover was a mixture of hardwood forests 
(north), oak savannas (west), and tall-grass prairies (south). 

The Milwaukee metropolitan study area includes five 
main population centers—Milwaukee–Waukesha–West Allis, 
Green Bay, Appleton, Racine, and Oshkosh-Neenah. The 
combined 2000 population for these five areas, 2.3 million, 
was an 8 percent increase from 1990.  Milwaukee and Green 
Bay offer the largest industrial, manufacturing, and commer-
cial centers of the study area for their shipping ports.  Mil-
waukee is has a reputation in the brewing industry; whereas, 
Green Bay is known for its meat packing industry. Dairy and 
livestock farming and associated corn and soybean production 
represent the dominant land use in the region.

Table 1–9.  Study watersheds in the Milwaukee, Wisconsin, metropolitan area.
Figure 

number
USGS station  
identification

USGS station name
Watershed drainage area 

(square kilometers)
1 04072233 Lancaster Brook at Shawano Avenue at Howard, Wis. 25.54
2 04078085 Black Otter Creek near Hortonville, Wis. 41.04
3 04081897 Sawyer Creek at Westhaven Road at Oshkosh, Wis. 30.60
4 04084429 Mud Creek at Spencer Road at Appleton, Wis. 33.28
5 04084468 Garners Creek at Park Street at Kaukauna, Wis. 20.74
6 04085046 Apple Creek at Sniderville, Wis. 118.81
7 040850683 Ashwaubenon Creek at South Bridge Road near DePere, Wis. 51.82
8 040851235 Bower Creek Tributary at Lime Kiln Road near Bellevue, Wis. 34.39
9 040851325 Baird Creek at Superior Road at Green Bay, Wis. 52.01

10 04085188 Rio Creek at Pheasant Road near Rio Creek, Wis. 55.81
11 040851932 Kewaunee River Tributary at Lowell Road near Luxemburg, Wis. 36.72
12 04085270 Jambo Creek at Jambo Creek Road near Mishicot, Wis. 48.83
13 040853145 Black Creek at Curran Road near Denmark, Wis. 56.13
14 04085322 Devils River at Rosencrans Road near Maribel, Wis. 76.45
15 040854395 Point Creek at Ucker Point Road near Newton, Wis. 45.92
16 04085455 Meeme River at Washington Road near Cleveland, Wis. 50.41
17 04086699 Pigeon Creek at Williamsburg Drive at Theinsville, Wis. 29.86
18 040869415 Lincoln Creek at 47th Street at Milwaukee, Wis. 25.96
19 04087030 Menomonee River at Menomonee Falls, Wis. 87.85
20 0408703164 Lily Creek at Good Hope Road near Menomonee Falls, Wis. 11.22
21 04087070 Little Menomonee River at Milwaukee, Wis. 51.70
22 040870856 Underwood Crk at Watertown Plank Road at Elm Grove, Wis. 24.56
23 04087118 Honey Creek near Portland Avenue at Wauwatosa, Wis. 27.74
24 04087204 Oak Creek at South Milwaukee, Wis. 66.79
25 04087213 Root River at Layton Avenue at Greenfield, Wis. 30.74
26 040872393 Hoods Creek at Brook Road near Franksville, Wis. 38.93
27 04087258 Pike River at Cth A near Kenosha, Wis. 100.29
28 04087270 Pike Creek at 43rd Street at Kenosha, Wis. 16.30
29 05527729 Kilbourn Ditch at 6Oth Street near Kenosha, Wis. 53.71
30 055437901 Fox River at River Road near Sussex, Wis. 60.79
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Figure 1–9.  Locations of study watersheds in the Milwaukee, Wisconsin, metropolitan area.
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