
Core National Indicators

Ecosystem Extent 

Note: Several other indicators refer to this technical note for the

discussion of remote-sensing data (National Land Cover Dataset)

included at the end of this note.

T h e  I n d i c a t o r
“Coasts and oceans” are indicated by the area of brackish water

off U.S. coasts. Brackish water is defined as all waters that have a

salinity greater than about 1 part per thousand (ppt) and less than

about 30 ppt (measurements are actually made in units called prac-

tical salinity units, which are quite close to parts per thousand).

Brackish water systems, including estuaries, are among the

most productive ecosystems in the world––before 1985, estuarine-

dependent fish species accounted for more than 50% of U.S. fish

landings. Brackish water is a mixture of fresh water and seawater,

and its distribution is a fundamental parameter of the distribu-

tion, abundance, and productivity of estuarine-dependent organ-

isms and of essential fish habitats such as tidal wetlands (man-

grove swamps, salt and brackish marshes, and intertidal flats),

submerged attached vegetation (macroalgae and vascular plants),

and oyster reefs.

Most variability in the salinity of coastal ecosystems is relat-

ed to freshwater runoff and groundwater discharge. Thus, the

areal extent of brackish water is an index of the amount of fresh-

water that flows from the continent to coastal waters and can be

used as a surrogate for nutrient enrichment, sediment loading,

and contaminant inputs.

“Croplands” includes the following U.S. Department of Agriculture

(USDA) Economic Research Service (ERS) categories: cropland

harvested, crop failure, cultivated summer fallow, cropland used

only for pasture, and idle cropland; Conservation Reserve

Program lands are included. Note: In the Farmlands chapter of

this report (see Total Cropland, p. 91), we present multiple esti-

mates of the area of croplands; the ERS was selected for use in

this national indicator as illustrative of long-term trends. 

“Forests” is defined by the USDA Forest Service as areas of at

least one acre with a certain density of trees (at least 10% cover).

See also the forest area indicator (p. 117) and its associated tech-

nical note (p. 239).

“Fresh waters” includes lakes and streams, as well as wetlands;

however, only wetland acreage is reported in this indicator.

Wetlands are defined according to the U.S. Fish and Wildlife

Service’s wetland classification system, which is the national stan-

dard, and include the following types of freshwater wetlands:

principally palustrine forested wetlands, palustrine scrub-shrub

wetlands, and palustrine emergent wetlands. 

“Grassland/shrubland areas” for the lower 48 states are defined

according to the National Land Cover Dataset (NLCD; see

below) and include several land cover categories. Definitions of

land cover in Alaska are from a separate study (see below).

“Urban/suburban areas” is generally defined here as land that is

substantially covered by one of the following land cover types:

low-intensity residential, high-intensity residential, commercial or

industrial or transportation lands, and urban and recreational

grasses. These categories are based on remote-sensing classifica-

tion of land cover (see NLCD description below). A series of steps

were taken to limit these areas to those thought to be most repre-

sentative of urban and suburban issues (see the urban/suburban

extent technical note for a thorough description, p. 264). There

are several other ways that urban areas have been defined by vari-

ous programs (again, see urban/suburban technical note, p. 264).

The approach adopted by the ERS that relies on U.S. Census

Bureau data for urban areas is a consistent dataset, however, it is

based on different assumptions than the definition of urban/sub-

urban areas in this report. The ERS time series is shown to give a

sense of the relative change in urban/suburban areas over the past

50 years. 

The land cover and ocean depth (bathymetry) map displays the

geographic location of the various ecosystems. Data for forests,

grass/shrublands, croplands, and urban/suburban were derived

from the definitions in the NLCD. Only those rivers with flow

rates exceeding 1000 cubic feet per second (cfs) are shown.

Bathymetry data in coastal waters show the depth to the ocean

floor in several ranges.

T h e  D a t a
Coasts and Oceans: Data are not adequate for national reporting.

Some data for the salinity of open waters of the U.S. Exclusive

Economic Zone are available from the National Oceanographic

Data Center (see http://www.nodc.noaa.gov/General/salinity.html).

Local and regional data for semi-enclosed bodies of water are col-

lected by a variety of federal and state agencies, but these data

have not been compiled into a single source.

Cropland: Data on cropland extent come from the USDA ERS,

and are available at http://www.ers.usda.gov/Emphases/Harmony/

issues/arei2000/. ERS relies on data provided by the National

Agricultural Statistics Service, as well as a variety of other sources.

The ERS estimate for croplands is a reasonable estimate; however,

it is not the only credible estimate. Specifically, the croplands

extent measure (see p. 91) provides estimates of the extent of

cropland from other agencies and programs; these estimates of

mid-1990s cropland extent range from a low of 431 million acres

(USDA Census of Agriculture) to a high of 510 million acres

(USDA National Resources Inventory and NLCD). Data from

ERS (455 million acres) are used here, but without additional

research into which data source is more accurate, it would be

equally fair to use any of the other estimates.
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Forests: Data on forest extent are from the USDA Forest Service

Forest Inventory and Analysis (FIA) program (see http://fia.fs.fed.us).

FIA is a survey-based program that has operated since the late

1940s, collecting information on a variety of forest characteris-

tics. See the technical note for the forest area indicator (p. 239)

for additional details.

Fresh Waters: Data on freshwater wetlands are from the U.S.

Fish and Wildlife Service’s National Wetlands Inventory (NWI).

See Dahl (2000); data also available at ftp://wetlands.fws.gov/

status-trends/SandT2000Report_lowres.pdf. The NWI produces

periodic reports on the extent of wetlands in the United States.

See also the technical note on freshwater extent (p. 246). River

data are from the U.S. EPA River Reach File (see http://www.epa.

gov/waterscience/BASINS/metadata/rf3a.htm), which was con-

strained so that only those rivers with flow rates of at least 1000

cfs were used. Procter & Gamble’s Miami Valley Laboratory con-

ducted this analysis for The Heinz Center.

Grasslands and Shrublands: Data on the extent of grasslands

and shrublands (lower 48 states) are from the NLCD—see the

detailed description below.

Grassland/shrubland data for Alaska are from a vegetation

map of Alaska, based on Advanced Very High Resolution

Radiometer (AVHRR) remote-sensing images with an approxi-

mate resolution of 1 kilometer on a side (see complete description

below). The following groupings of classes were used (see

http://agdc.usgs.gov/data/projects/fhm/#G, Statewide Vegetation/

Land Cover; other classifications listed below): alpine tundra &

barrens (#3); dwarf shrub tundra (#4); tussock sedge/dwarf

shrub tundra (#5); moist herbaceous/shrub tundra (#6); wet

sedge tundra (#7); low shrub/lichen tundra (#8); low & dwarf

shrub (#9); tall shrub (#10); and tall & low shrub (#23).

See the Area of Grasslands and Shrublands technical note 

(p. 256) for information on the pre-settlement estimates of these

lands from Klopatek et al. (1979).

Urban and Suburban Areas: Grassland and shrubland data are a

relatively straightforward presentation of NLCD vegetation class-

es, but urban and suburban area data required additional process-

ing. Basically, this involved identification of areas with urban/sub-

urban land cover (using the NLCD classes; see below), then

making adjustments to account for the intermixed land use at the

edges of urban areas. For example, undeveloped parcels or large

parks located within developed areas were included as “urban/

suburban” even though they might have been classified as forest

or grass/shrub according to the satellite data. See the technical

notes on urban/suburban extent (p. 264) for additional information.

The Land Cover and Ocean Bathymetry Map: The map shown

in this indicator was constructed from several datasets by USGS’s

Earth Resources Observations Systems Data Center. These

datasets are described below.

D a t a  Q u a l i t y / C a v e a t s
Because these data are from multiple sources, some caution is

appropriate. Different programs use different definitions and may

be conducted in different years. Every effort has been made here

to identify consistent land cover categories and time periods. 

Given the diversity of programs, definitions, techniques, and

time periods, there are inevitable conflicts between these various

estimates. For example, satellite data (described below) indicate

that there are about 690 million acres of forest in the United

States (all 50 states), while the USDA Forest Service’s FIA pro-

gram estimates that there are about 747 million acres of forest.

Satellite remote sensing, which can provide data on the entire

U.S. land surface, may serve as a common reference point, against

which other programs that count only forest, for example, or

only private lands, or only cropland, may be compared.

The National Land Cover Dataset (NLCD): In the 1990s, a

federal interagency consortium was created to coordinate access

to and use of land cover data from the Landsat 5 Thematic Mapper.

Using Landsat data and a variety of ancillary data, the consortium

processed data from a series of 1992 Landsat images, to create the

NLCD on a square grid covering the lower 48 states. Each square

in the grid, or “pixel,” is approximately 100 ft on a side. 

Each pixel was assigned one of 21 land cover classes, 

which are described at http://www.epa.gov/mrlc/classes.html and

http://landcover.usgs.gov/classes.html. The steps of this classifica-

tion process, which can be found in detail elsewhere (see

Vogelmann et al. 2001 and Vogelmann et al. 1998), are summa-

rized here. First, an automated process is used to create clusters of

pixels for a given regional area. Second, these clusters were inter-

preted and labeled with the help of aerial photographs. Third, in

cases where clusters of pixels included multiple land cover types

(i.e., “confused clusters”), models that utilize ancillary data, such

as elevation or population density, were used to help assign land

cover classes. Finally, lands that are bare—especially clear cuts

and quarries—and many grass areas, such as parks, golf courses,

and large lawn, are not easily distinguished from other land cover

classes during the automated process, so a process of on-screen

verifications was used as clarification. These four steps were the

general process, and additional steps were taken in certain regions

in order to further improve the accuracy of classifications (see

http://landcover.usgs.gov/accuracy/ for a discussion of NLCD error

analysis). 

Note that classification of pixels was based in part on the

character of surrounding squares in the grid; thus, a pixel of

grass-like land cover surrounded by residential pixels would prob-

ably be classified as “urban and recreational grasses” rather than

as “pastureland.” Where appropriate, the agencies also made use

of data from both the Census Bureau and the U.S. Fish and

Wildlife Service’s National Wetlands Inventory data to help make

such distinctions. Satellite data offer an unprecedented opportuni-

ty to classify land cover on a consistent basis over very large areas

(i.e., the entire country). However, the accuracy of any classifica-

tion is not perfect. The accuracy of satellite-derived classifications

is related to many factors: amount of data available (i.e., many

dates of imagery rather than just one), the detail of the required

land cover information (i.e., forest vs. deciduous forest vs. sugar

maple/beech/yellow birch), classification methods, computing

power, and, of course, time and money. Assessments of the NLCD

for the eastern United States indicate an accuracy of approximate-

ly 80% or higher for general land cover categories (e.g., forest,

agriculture, developed). Accuracy assessments for the western

United States are currently under way. Improving technology and

techniques offer the potential to increase accuracy of the next

NLCD (2000) currently being assembled by the Multi-Resolution

Land Characterization Consortium. The land cover classes associ-

ated with the 30-m (100-foot) square pixels were grouped for the

different ecosystems as follows (the number in parenthesis is the

NLDC land cover class reference):

T e c h n i c a l  N o t e s
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• Forests: deciduous (#41); evergreen (#42); mixed forest

(#43)

• Croplands: pasture/hay (#81); rowcrops (#82); small grains

(#83); fallow (#84); orchards/vineyards/other (#61)

• Grass/Shrub: shrubland (#51); grasslands/herbaceous (#71); 

bare rock/sand/clay (#31)

• Water: open water (#11); wetlands (#91 & #92)

• Developed: low-intensity residential (#21); high-intensity

residential (#22); commercial/industrial/transportation

(#23); urban/recreational grasses (#85)

• Other: quarries/strip mines/gravel pits (#32); transitional

(#33); perennial ice/snow (#12)

Data Quality/Caveats: The power of satellite-derived classifica-

tions is that satellite data can easily cover the entire country and

the classification process can be automated (though not complete-

ly). This makes it possible to compile a nationally consistent land

cover dataset; however, any land cover classification is subject to

error. The NLCD for the eastern United States has an accuracy of

approximately 80% or higher for the general land cover cate-

gories used for our study (see http://landcover.usgs.gov/accuracy).

Some of the known misclassifications that occur in the dataset

include suburban areas or tree farms classified as forest; grass-

lands classified as agriculture, or vice versa; and fallow agricultur-

al fields classified as barren lands. 

Data Access: NLCD data are available at http://landcover.

usgs.gov/mrlcreg.html. Further detail is also available from

Vogelmann et al. (2001). Other data can be obtained from the

sources cited in this note. 

Coastal Bathymetry Data: These data come from the National

Geophysical Data Center, and are known as ETOPO5 data. They

were generated from a digital database of land and sea-floor ele-

vations on a 5-minute latitude/longitude grid. The resolution of

the gridded data varies from true 5-minute for the ocean floors,

the United States, Europe, Japan, and Australia to 1 degree in

data-deficient parts of Asia, South America, northern Canada, and

Africa. Data sources are as follows: Ocean Areas: U.S. Naval

Oceanographic Office; United States, W. Europe, Japan/Korea:

U.S. Defense Mapping Agency; Australia: Bureau of Mineral

Resources, Australia; New Zealand: Department of Industrial and

Scientific Research, New Zealand; balance of world land masses:

U.S. Navy Fleet Numerical Oceanographic Center. These various

databases were originally assembled in 1988 into the worldwide

5-minute grid by Margo Edwards, then at Washington University,

St. Louis, Missouri. Data have been described in NOAA (1988).

The version of the data making up ETOPO5 is from May 1988,

with the exception of a small area in Canada (120-130° W, 65-70°

N), which was regridded in 1990; the data are available at:

http://www.ngdc.noaa.gov/mgg/global/seltopo.html. 

Alaskan Land Cover Data: Data for Alaska are from a vegeta-

tion map of Alaska by Flemming (1996), based on AVHRR

remote-sensing images with an approximate resolution of 1 kilo-

meter on a side. The following groupings of classes were used (see

http://agdc.usgs.gov/data/projects/fhm/#G [Statewide

Vegetation/Land Cover]):

• Freshwater: water (#1); glaciers and snow (#2)

• Grass/Shrub: alpine tundra & barrens (#3); dwarf shrub

tundra (#4); tussock sedge/dwarf shrub tundra (#5); moist

herbaceous/shrub tundra (#6); wet sedge tundra (#7); low

shrub/lichen tundra (#8); low & dwarf shrub (#9); tall

shrub (#10); tall & low shrub (#23)

• Forest: closed broadleaf & closed mixed forest (#11); closed

mixed forest (#12); closed spruce forest (#13); spruce

woodland/shrub (#14); open spruce forest/shrub/bog mosaic

(#15); spruce & broadleaf forest (#16); open & closed

spruce forest (#17); open spruce & closed mixed forest

mosaic (#18); closed spruce & hemlock forest (#19)

• Other:1991 fires (#21); 1990 fires & gravel bars (#22)

Hawaiian Land Cover Data: These data came from the

National Oceanographic and Atmospheric Administration’s

(NOAA) Coastal Change and Analysis Program (C-CAP), which is

a national effort to develop and distribute regional land cover and

change analysis data for the coastal zone by using remote-sensing

technology. The data used in this program are created from a

combination of satellites and fieldwork. C-CAP classifies land

cover types into 22 standardized classes that include forested

areas, urban areas, and wetlands. C-CAP land cover data are

derived from Landsat Thematic Mapper satellite imagery and are

available at http://www.csc.noaa.gov/crs/lca/m_eight.html.
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Fragmentation and Landscape Patterns

There is no technical note for this indicator. 

T e c h n i c a l  N o t e s
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The Movement of Nitrogen

T h e  I n d i c a t o r
This indicator reports both the yield and load of nitrogen from

major rivers to the U.S. coastal ocean. The yield of nitrogen from

major watersheds is defined as the pounds of nitrogen per square

mile of watershed area that enters rivers and streams through dis-

charges, runoff, and other sources. The load of nitrate, a common

form of nitrogen, from major rivers is defined as the tons of nitrate

carried to the ocean each year by the four largest U.S. rivers.

Nitrogen can cause significant water-quality problems by

stimulating the growth of algae. Two key references provide addi-

tional information about how excess nutrients can cause problems

in coastal waters. The National Research Council published a

study on nutrient pollution in the coastal ocean (NRC 2000) and

the National Oceanographic and Atmospheric Administration

(NOAA) did a one-time study of actual conditions in the nation’s

estuaries (National Estuarine Eutrophication Assessment,

http://spo.nos.noaa.gov/projects/cads/nees/Eutro_Report.pdf).

T h e  D a t a
Data Source: Riverine loads of total nitrogen were estimated

using streamflow and water-quality data collected by the U.S.

Geological Survey (USGS) as part of its National Stream Water

Quality Accounting Network (NASQAN), its 1996–1999 National

Water Quality Assessment (NAWQA), and its Federal–State

Cooperative Program. A few of the stream gauges, most notably

those at the mouth of the Mississippi River, are operated by the

U.S. Army Corps of Engineers rather than the USGS. 

Data Collection Methodology: Stream discharge is estimated by

frequent measurement of water depth (stage), which is converted

to discharge by use of a rating curve. Data are reported as daily

averages. All water-quality samples are representative of the entire

river cross-section (depth- and width-integrated) at the time of

collection.

At the sites for which data are included in this report, sam-

ples were collected at least quarterly over the 4-year period

1996–1999; at most sites, approximately 15 samples were collect-

ed each year. A regression model relating concentration to dis-

charge, day-of-year (to capture seasonal effects), and time (to cap-

ture any trend over the period) was developed using robust

statistical techniques that made no assumption about the underly-

ing statistical distribution of the data. One model was developed

for nitrate plus nitrite concentrations (note that nitrite is usually

much less abundant than nitrate, so it is normal to discuss the sum

of nitrate plus nitrite simply as nitrate); a second model was

developed for whole-water organic nitrogen plus ammonia for

each station. These models were then used to make daily esti-

mates of concentration, which were multiplied by the daily aver-

age discharge to yield the daily load. The daily load of total nitro-

gen was the sum of predictions of the two models.

Data Manipulation: For the maps, these daily loads were summed

over the 4-year period to estimate the load for the entire period

and divided by 4 to obtain the average annual load. The coeffi-

cient of variation of the average annual load is generally between

20 and 30%. The incremental load was then calculated as the dif-

ference between the output load that flowed from the watershed

and the input(s) to the watershed. Outputs include the load at the

downstream stations and, in the arid western areas, any decrease

in runoff, because it was assumed that solutes accompanied any

water that was lost to irrigation or transfers to other watersheds

(i.e., piping water across watershed boundaries). The incremental

yield (shown in the maps) is defined as the incremental load

divided by the watershed area. The white areas of the map are

areas for which insufficient USGS data exist to calculate loads.

For the time series plots, the daily loads were summed to

determine the annual loads shown in the figure. Note that most of

the year-to-year variation in the loads is due to differences in

runoff, with wet years having higher loads and dry years having

lower loads.

Data Access: All USGS data are available at http://water.usgs.

gov/nwis. This site includes the discharge and nutrient concentration

data used in developing the models that produced the load calcula-

tions presented here, but the models themselves are not available.

Further information on the NASQAN and NAWQA programs can

be found at http:/water.usgs.gov/nasqan and

http://water.usgs.gov/nawqa. The NASQAN Web site contains stream

discharge data collected by the U.S. Army Corps of Engineers.
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Chemical Contamination 

This technical note also applies to: 

• Coasts and Oceans: Contamination in Bottom
Sediments

• Farmlands: Pesticides in Streams and
Groundwater

• Urban/Suburban: Chemical Contamination

This technical note applies to the core national indicator for

chemical contamination, the coastal indicator for sediment con-

taminants, the farmlands indicator for pesticide, and the

urban/suburban indicator for chemical contamination. One tech-

nical note applies to these three indicators because they are

designed in a very similar fashion. In addition, most of the data

(i.e., all freshwater data) for these three indicators are from the

same program. 

T h e  I n d i c a t o r — G e n e r a l
In the core national indicator, as well as the indicators for farm-

lands and urban/suburban areas, a dual approach is used: how fre-

quently compounds are detected, and how often such “occur-

rences” are at concentrations that are above established human

health standards and guidelines and aquatic life guidelines—

“exceedances.” The coastal sediment contamination indicator

presents only data on exceedances of relevant guidelines. 

Compounds reported here include many pesticides, polychlo-

rinated biphenyls (PCBs), volatile organic compounds (VOCs),

other compounds on the Environmental Protection Agency (EPA)

priority pollutant list, potentially toxic trace elements, and a num-

ber of pesticide degradation products. The suite of compounds

that were measured in different media varied depending on the use

of the compounds in a particular area and the chemistry of the

compounds. For example, many VOCs (e.g., solvents and fuel

T e c h n i c a l  N o t e s
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additives) are more heavily used in urban than agricultural settings.

Further, because of their volatility, VOCs would be expected to be

of greater concern in groundwater than in streams or sediments. In

general, the suite of compounds was designed to include com-

pounds that occur frequently in ecosystems and/or have a high

potential for adverse effects on people or ecosystems.

In order to understand how frequently compounds from a

particular suite of contaminants occur in the environment, the

U.S. Geological Survey’s National Water Quality Assessment

(NAWQA) program analyzes groundwater and water, sediments,

and fish tissue from streams. EPA’s Environmental Monitoring

and Assessment Program (EMAP) analyzes sediments and fish tis-

sue from estuaries. It is important to note that all chemical analy-

ses have “detection limits,” meaning that even if a compound is

present at a concentration lower than the detection limit, the sam-

ple cannot be differentiated from one that completely lacks the

compound. Analytical methods used for different environmental

media are different (e.g., measurements of contaminant concen-

trations in stream water and groundwater use different techniques

than are used in stream sediment analyses, and techniques used in

fresh water differ from those used in salt water). However, within

an environmental media (sediment, stream water, etc.), consistent

analytical methods were used throughout the program. In addi-

tion, as data for this indicator are gathered over time, it will be

important to consider the effect of improved detection methods

(i.e., allowing contaminants to be detected at lower concentra-

tions) on occurrence data. 

The second component of the indicators provides a measure

of the frequency (e.g., percentage of stream sites) of contaminants

that exceeded established reference criteria for the protection of

human health or aquatic life. These two types of reference criteria

were established for different purposes and thus are based on dif-

ferent assumptions. Specifically, human health standards and

guidelines assume that the water will be consumed daily over a

person’s lifetime, and that the effects of the contaminant would

be cumulative (often referred to as “chronic” exposure). Human

health standards and guidelines are not currently applied to

stream or estuary sediments. 

In comparison, guidelines that are designed for the protec-

tion of aquatic life are based on shorter-term (about 4 days) expo-

sure. (This refers to U.S. EPA guidelines; Canadian guidelines are

different (see references)). This is because aquatic organisms are

generally smaller and they are exposed to contaminants in water

in a different way than humans are. Also, in general, different

species have different sensitivities to specific contaminants. 

Standards and guidelines for the protection of wildlife are

used to evaluate whether contaminant levels in prey species (fish,

in this case) are sufficiently high to cause adverse effects in preda-

tor species (often fish-eating birds such as eagles). 

Specific standards and guidelines used in this indicator are

listed under the appropriate media description below. 

D a t a  S o u r c e s — G e n e r a l  
The data for freshwater streams and groundwater were collected

and analyzed by NAWQA (http://water.usgs.gov/nawqa/) in 36

major river basins and aquifers across the United States during

1992–1998. 

The data for sediments and fish contamination in coastal

waters were collected and analyzed by EPA’s EMAP (http://www.

epa.gov/emap/) from 1990 to 1997. The data were collected in a

manner that allows conclusions to be drawn concerning the

majority (approximately 76%) of the area of estuaries in the

United States. 

Data on sediment contamination in the Great Lakes are col-

lected by a number of agencies. However, these monitoring pro-

grams generally focus on areas with highly polluted sediments. As

such, these data are not comparable to the data presented here, in

that they do not assess the occurrence of sediment contamination

across the range of possible locations in the Great Lakes. The EPA

Great Lakes National Program Office provided the Great Lakes

fish contamination data that are noted in the text. 

F r e s h w a t e r  D a t a :  N a t i o n a l  Wa t e r  Q u a l i t y
A s s e s s m e n t  P r o g r a m
Methods: The suite of compounds included in the Core National

Indicator account for 75% of currently used agricultural pesticide

applications (by amounts used), 90% of the nation’s historical use

of organochlorine pesticide (most of these compounds are no

longer permitted for use in agriculture in the United States), plus

PCBs and other industrial compounds, VOCs that are currently or

soon may become regulated, and other compounds on the EPA

priority pollutant list. A number of pesticide degradation prod-

ucts were also included. Nitrate and ammonium were measured

in streams and groundwater. Trace elements were measured in

stream sediments and groundwater. Radionuclides were measured

only in groundwater. All of these contaminants occur naturally in

the environment. Thus, they are included in graphics showing

exceedances of human health and/or aquatic life benchmarks, but

not in graphics showing the occurrence of contaminants. Human

health benchmarks apply to those contaminants listed above that

were measured in streams and groundwater. Aquatic life bench-

marks apply to the contaminants listed above that were measured

in streams and stream sediments. 

Additional information about the USGS data used in the

Heinz Center report can be found at: http://water.usgs.gov/nawqa/

heinz_ctr/

The watersheds studied were selected to be generally repre-

sentative of conditions in agricultural, urban, and mixed land

uses. The national contaminants data are based on water samples

collected from 109 stream sites and 3,549 wells, stream sediment

from 558 stream sites, and composite whole-fish samples collect-

ed from 223 stream sites. The sites sampled are representative of

a wide range of stream sizes, types, and agricultural, urban/subur-

ban, and mixed land uses, but the sites were not selected to be a

statistically representative sample of the nation’s streams. 

Data for the urban/suburban indicator come from surface

water sites on streams that drain 21 urban/suburban watersheds

located across the nation. Note that the sites used in this analysis

probably are included with “urban and suburban areas” as defined

in this report (see p. 181); however, the selection of the sites for

sampling was not based on the definition used in this report. 

Data for the farmlands indicator are based on water samples

from 50 streams and 1084 monitoring wells. 

Benchmarks for protection of human health, wildlife, and

aquatic life: A variety of U.S., Canadian, and bi-national

(International Joint Commission) standards and guidelines were

used to evaluate the significance of the detected contaminants in

surface water, groundwater, stream sediment, and whole fish. 

In conformance with the way the guidelines are written, a

concentration exceeding the aquatic-life guidelines in any single

surface water sample was counted as an exceedance of the guide-
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line. For human health standards or guidelines, exceedances were

identified when a yearly time-weighted mean concentration

exceeded the relevant standard or guideline at a surface water site. 

For human health, three types of U.S. EPA standards and

guidelines were used to evaluate NAWQA data: (1) Maximum

Contaminant Level (MCL), (2) Risk-Specific Dose (RSD), and (3)

Lifetime Health Advisory (HA-L). Values for these criteria were

obtained by the U.S. Geological Survey (USGS) from U.S. EPA

(2000, 2001). In all three cases, the standard and guideline levels

are concentrations pertaining to lifetime exposure through drink-

ing water. 

The MCL is the maximum permissible annual average con-

centration of a contaminant in water that is delivered to any user

of a public water system. The RSD is a guideline for potential car-

cinogens based on drinking-water exposure over a 70-year life-

time; an RSD value is always associated with a specified cancer

risk. The RSDs presented are associated with a cancer risk of 1 in

100,000. The HA-L is an advisory guideline for drinking-water

exposure over a 70-year lifetime, considering noncarcinogenic

adverse health effects. More detail on these types of benchmarks,

their derivation, and their underlying assumptions is provided in

Nowell and Resek (1994). For some constituents, more than one

of these three types of benchmarks are available. For these con-

stituents, the MCL was used if available; otherwise, the lowest of

the RSD (at 1 in 100,000 cancer risk) and HA-L values selected. 

Note that the data on freshwater fish tissue do not include

information relative to any human health standards because such

standards apply to edible fish tissue (e.g., fillets), whereas entire

fish were analyzed for the data reported here.

The three types of aquatic-life guidelines used are U.S. EPA

chronic water-quality criteria for protection of aquatic organisms

(U.S. Environmental Protection Agency 1999), Canadian water-

quality guidelines (Canadian Council of Ministers of the

Environment 2001a), and Great Lakes water-quality objectives

(International Joint Commission [IJC] 1978). All guideline values

used in this report are for freshwater aquatic life. The U.S. EPA

chronic water-quality criterion for protection of aquatic organ-

isms is the estimated highest concentration of a constituent that

aquatic organisms can be exposed to for a 4-day period, once

every 3 years, without deleterious effects. If no U.S. EPA chronic

water-quality criterion for protection of aquatic organisms exists

for a given constituent, then Canadian water-quality guidelines

are used, if available. The older Great Lakes water-quality objec-

tives are used only if neither U.S. EPA chronic water-quality crite-

ria for protection of aquatic organisms nor Canadian water-quali-

ty guidelines are available for that constituent. The IJC

water-quality objectives and Canadian water-quality guidelines

are intended to specify maximum concentrations that should not

be exceeded at any time. 

For contaminants in sediment, the aquatic-life guideline used

was the “probable effect level” from the Canadian Council of

Ministers of the Environment (2001b). These guidelines are

empirically based; they were derived by compiling data from mul-

tiple types of studies in the literature that measured both toxicity

and contaminant concentrations in sediment. The Canadian prob-

able effect level defines a concentration above which toxicity to

aquatic organisms is likely. 

For contaminants in whole fish, the New York fish-flesh cri-

teria for protection of piscivorous (fish-eating) wildlife (Newell et

al. 1987) were used. These guidelines are intended to protect tar-

get wildlife species from adverse effects other than cancer, such as

mortality, reproductive impairment, and organ damage. Wildlife

guidelines from the state of New York were used because no com-

parable national guidelines are available for a large number of

contaminants.

Additional information on the standards and guidelines used

in this report for pesticides is provided at http://ca.water.usgs.gov/

pnsp/source/. Information on the numerical values for the stan-

dards and guidelines applied to herbicide, insecticide, and volatile

organic compounds can be found at 

http://oregon.usgs.gov/sumrpt/Benchmrk.1.html,

http://oregon.usgs.gov/sumrpt/Benchmrk.2.html, and

http://oregon.usgs.gov/sumrpt/Benchmrk.3.html. 

E s t u a r i n e  D a t a :  U S E PA  E n v i r o n m e n t a l
M o n i t o r i n g  a n d  A s s e s s m e n t  P r o g r a m
( E M A P )
EMAP conducts annual surveys to measure indicators of the health

of plants and animals, the quality of their surroundings, and the

presence of pollutants (see http://www.epa.gov/emap/). The pro-

gram, at present, is developing appropriate designs and sets of indi-

cator requirements to characterize the condition of the nation’s

aquatic resources. Once these developmental issues are addressed,

the goal of the program is long-term monitoring that will provide

information on the overall health of the environment and the effec-

tiveness of pollution prevention and control strategies. 

EMAP-Estuaries (EMAP-E), implemented through partner-

ships between EPA, the National Oceanographic and Atmospheric

Administration (NOAA), USGS, coastal states, and academia, will

provide information on the ecological condition of the nation’s

estuaries as part of the larger program. The data from the EMAP-

E program provided in this report spans the period from 1990

through 1997. Beginning in 2000, the EMAP-E effort expanded

into a series of annual national surveys (National Coastal

Assessment, or NCA) including all coastal states and Puerto Rico.

Ecological health is being assessed by investigating the state,

regional, and national distributions of fish and bottom-dwelling

organisms (benthos). NCA is determining what portions of estuar-

ies can support these plants and animals and finding out why cer-

tain areas do not support them. Data from NCA will be available

for the next iteration of this report (1999–2005).

For this report, EMAP-E provided information assessing the

contaminant levels in estuarine sediments and the condition of

benthic organisms in those sediments. These data were collected

from over 2000 sites from Cape Cod, Massachusetts, to

Brownsville, Texas, and represent over 70% of the total estuarine

acreage of the United States (excluding Alaska).

Data Collection Methodology: Evaluation of the potential

effects of contaminated sediments on estuarine organisms is diffi-

cult because few applicable state or federal regulatory criteria

exist for determining acceptable sediment concentrations of all

substances. However, contaminated sediments and their potential

toxicity to aquatic life are viewed by the public as a major threat

to estuarine ecosystems. All site selections were based on proba-

bilistic designs which permit the extrapolation of the data to the

entire area. Using a Young-modified Van Veen grab, 5–10 grabs

were collected from each site and homogenized. Separate 100-

milliliter samples for organics and metals were retrieved from the

homogenate and forwarded for quantification of about 125 dif-

ferent compounds (as outlined below). For this report, informa-

tion assessing the portion of estuarine area with contaminants
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above ERL or ERM guidelines (see definitions below; Long et al.

1995; Long et al. 1998a,b) is reported.

Data Access: The data presented here were obtained directly

from EPA. 

List of Contaminants Targeted in Sediments by EMAP

• Pesticides. Pesticides were chosen because of their current

and historic prevalent use in society. Sediments were tested

for concentrations of 14 pesticides plus six different forms

of DDT, which has been banned in the United States since

1972. These pesticides included Aldrin, Alpha-Chlordane,

Dieldrin, Endosulfan I, Endosulfan II, Endosulfan sulfate,

Endrin, Heptachlor, Heptachlor epoxide, hexachloroben-

zene, Lindane (gamma-BHC), Mirex, Toxaphene, Trans-

Nonachlor, 2,4’-DDD, 4,4’-DDD 2,4’-DDE, 4,4’-DDE,

2,4’-DDT, and 4,4’-DDT.

• Polychlorinated biphenyls (PCBs). EPA began to phase out

the use and manufacturing of PCBs in the United States in

1976, but they are still found in the environment. Human

health effects that have been associated with exposure to

PCBs include acne-like skin conditions in adults and neu-

robehavioral and immunological changes in children. PCBs

are known to cause cancer in animals. EMAP targeted 21

different PCB congeners. 

• Polycyclic aromatic hydrocarbons (PAHs). A group of over

100 different chemicals that are formed during the incom-

plete burning of coal, oil and gas, garbage, and other organic

substances like tobacco or charbroiled meat, PAHs are usual-

ly found as a mixture containing two or more of these com-

pounds, such as soot. Some PAHs are manufactured––they

are found in coal tar, crude oil, creosote, and roofing tar,

and a few are used in medicines or to make dyes, plastics,

and pesticides. PAHs are included because of their role as a

suspected carcinogen. The following compounds were tar-

geted (plus several isomers of the listed PAHs):

Acenaphthene, Anthracene, Benz(a)anthracene,

Benzo(a)pyrene, Biphenyl, Chrysene, Dibenz(a,h)anthracene,

Dibenzothiophene, 2,6-dimethylnaphthalene, Fluoranthene,

Fluorene, 2-methylnaphthalene, 1-methylnaphthalene, 1-

methylphenanthrene, 2,6-dimethylnaphtalene, Naphthalene,

Pyrene, Benzo(b)fluoranthene, Acenaphthylene, Benzo(k)flu-

oranthene, Benzo(g,h,i)perylene, Ideno(1,2,3-c,d)pyrene,

and 2,3,5-trimethylnaphthalene.

• Heavy metals. Heavy metals occur naturally in the marine

environment; however, their concentrations can be increased

by human activities such as discharges from industrial process-

es, burning of fossil fuels, and runoff from roadways that have

had an accumulation of particulates from brake drums, for

example. Sediments were tested for a total of 15 trace ele-

ments: aluminum, antimony, arsenic, cadmium, chromium,

copper, iron, lead, manganese, mercury, nickel, selenium, sil-

ver, tin, and zinc. Metal concentrations were normalized using

metal:aluminum ratios (see Windom et al. 1989).

Benchmarks for sediment quality: The sediment quality guide-

lines used in this indicator were developed by NOAA through its

National Status and Trends Program (see http://response.restoration.

noaa.gov/cpr/sediment/SPQ.pdf). Before these guidelines, there

were no national criteria or other widely applicable numerical

guidelines for sediment quality. These quality guidelines were

developed as informal, interpretive tools to estimate the possible

toxicological significance of chemical concentrations in sedi-

ments. The guidelines have not been promulgated as regulatory

criteria or standards, cleanup or remediation targets, discharge

attainment targets, or pass–fail criteria for dredged material dis-

posal decisions, or for any other regulatory purpose. (See

http://response.restoration.noaa.gov/cpr/sediment/SQGs.html.)

These guidelines were derived from examination of a large

number of individual contamination studies, all in salt water. Data

from each study were arranged in order of ascending concentra-

tions. Study endpoints in which adverse effects were reported were

identified. From the ascending data tables, the 10th percentile and

the 50th percentile (median) of the effects database were identified

for each substance. The 10th-percentile values were named the

“Effects Range-Low” (ERL), indicative of concentrations below

which adverse effects rarely occur. The 50th percentiles were des-

ignated the “Effects Range-Median” (ERM) values, representative

of concentrations above which effects frequently occur. In this

report, the ERL is referred to as the “possible effects” guideline

and the ERM as the “probable effects” guideline.

T h e  D a t a  G a p
There are large amounts of data on contaminated sediments in

the Great Lakes, but these data have for the most part been col-

lected at sites known or suspected of being contaminated, rather

than as part of efforts to determine the extent and severity of 

contamination. Sediments in the defined Areas of Concern

(http://www.epa.gov/glnpo/aoc) are generally the most contami-

nated. Sediments in the open waters tend to have much lower

concentrations, and they tend to migrate to sediment depositional

areas. See the following for information on surveys that can iden-

tify “toxic substances in toxic amounts,” which are found in the

tributary mouths and embayments of the Areas of Concern:

http://www.epa.gov/glnpo/glindicators/sedqual/sedqualitya.html.

Data are not presently available to compare fish tissue contami-

nation to human health standards and guidelines in a consistent way

across the country. See the technical note for Selected Contaminants

in Fish and Shellfish (p. 228) for additional discussion. 

Data are not presently collected in a consistent manner to

allow reporting on soil contamination in urban and suburban

areas. Individual studies (see Pouyat et al. 1991) have been con-

ducted to determine the extent and nature of such contamination. 
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At-Risk Native Species

This indicator also applies to

• At-Risk Native Forest Species

• At-Risk Native Freshwater Species

• At-Risk Native Grasslands and Shrublands Species

T h e  I n d i c a t o r
The species reported here are those in groups (such as mammals,

birds, and fish) that are considered sufficiently well known that

the conservation status, habitat, and location (by state) can be

assigned with some degree of confidence for all members of the

group. The conservation status assessment for each species is an

attempt to determine the relative susceptibility of a species to

extinction. The assessment process is based on consideration of

up to 12 factors that relate to a species’ degree of imperilment or

risk of extinction throughout its range. Rare species are particu-

larly vulnerable to extinction and so several aspects of rarity are

characterized in the assessment process including population size

and number of populations, and range extent and area of occu-

pancy. However, trends in population and range size as well as

magnitude and immediacy of threats are also important consider-

ations in assessing a species’ overall vulnerability or risk of extinc-

tion. Additional information on this ranking process can be found

at http://www.natureserve.org/explorer/ranking.htm and in Master

(1991).

There is general recognition among experts that both status

information (as presented here) and trend information (whether a

species is increasing, decreasing, or stable) are critical to under-

standing the condition of species. If and when trend information

for large numbers of species becomes widely available, revising

the current measure by incorporating trend information or substi-

tuting trend information for status should be considered. 

T h e  D a t a
Data Source: NatureServe (www.natureserve.org) and its member

programs in the network of Natural Heritage programs develop

and maintain information on each of the species reported here.

Data Collection Methodology: On an ongoing basis,

NatureServe research biologists gather, review, integrate, and

record available information about species taxonomy, status, and

use of different habitats or ecological system types. They are

assisted in this work by scientists in the network of Natural

Heritage programs as well as by contracted experts for different

invertebrate taxa. NatureServe staff and collaborators assign a

conservation status by using standard Heritage ranking criteria

(see http://www.natureserve.org/explorer/ranking.htm) and by

using the best information available to them. 

The Heritage ranking process considers five major status

ranks: critically imperiled (G1), imperiled (G2), vulnerable (G3),

apparently secure (G4), and demonstrably widespread, abundant,

and secure (G5). In addition, separate ranks are assigned for species

regarded as presumed extinct (GX) or possibly extinct (GH).

Critically imperiled species are often found in five or fewer

locations, imperiled species are often found in 20 or fewer loca-

tions, and vulnerable species are often found in 80 or fewer loca-

tions. Apparently secure species are uncommon but not rare, and

secure species are common—meaning they are both abundant and

widespread. Presumed extinct species have not been located despite

intensive searches, and possibly extinct species are missing and are

known only from historic records, although there is some hope of

their rediscovery. See Stein (2002) for further details on ranks.

These data are not from a site-based monitoring program, but

rather from a census approach that focuses on the location and dis-

tribution of at-risk species. For other species, the dataset incorpo-

rates information from a wide variety of observations and sources. 

Data Manipulation: NatureServe has summarized the actual

global ranks into “rounded ranks” for the purposes of presenta-

tion and analysis. For example, an actual rank may express the

bounds of uncertainty, noting for instance that a given species
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falls somewhere in the range of “critically imperiled” to “imper-

iled.” In such cases, the rounded rank reflects the more imperiled

designation, in this instance, critically imperiled. Such rank

rounding applies to between 10-20% of species included here.

The analysis of the percent of at-risk species by region is based on

all species that are known to occur within one or more states in

each region. 

For the core national indicator, only species groups for

which sufficient information is available on the entire group are

reported. Thus, mammal status is reported because data are avail-

able on the status of all mammals, but the status of mayflies and

stoneflies is not included because data on all species in these two

groups are not available. Groups reported for the national meas-

ure are mammals; birds; reptiles; amphibians; freshwater fishes;

freshwater mussels; freshwater snails; crayfishes; fairy, clam, and

tadpole shrimp; butterflies and skippers; giant silkworm and royal

moths; sphinx moths; underwing moths; papaipema moths; tiger

beetles; stoneflies; grasshoppers; mayflies; dragonflies and dam-

selflies; ferns/fern allies; gymnosperms; and flowering plants.

For the forest, freshwater, and grassland/shrubland indica-

tors, species were first identified as “forest species” or “freshwater

species” or “grassland/shrubland species.” In this process, species

were assigned to an ecosystem if they live in that ecosystem dur-

ing at least part of their life cycle and depend on access to that

ecosystem type for their survival. This was a generally conserva-

tive approach; in preparing these lists, only species that are

strongly associated with a habitat type were included. This means

that some species that make frequent use of forest, or

grasslands/shrublands, or fresh water may be excluded, butalso

that the group of species reported for each of these systems here

is quite representative of species that are dependent upon those

habitats for their survival. Groups reported for the forest and

grassland indicator are mammals, birds, reptiles, amphibians,

grasshoppers, and butterflies and skippers. Groups reported for

the freshwater indicator are freshwater and anadromous fishes;

amphibians; reptiles; butterflies and skippers; freshwater mussels;

freshwater snails; crayfishes; fairy, clam, and tadpole shrimp;

dragonflies and damselflies; mayflies; stoneflies; and caddis flies.

At present, it is not possible to use the data presented here to

distinguish naturally rare species from those that have been

depleted in number. Increases in the number of at-risk species

over time, however, would generally be interpreted as an increase

in the number of depleted species after accounting for changes

due to changes in taxonomy or to discovery of new species.

Data Quality/Caveats: Heritage conservation status ranks are

updated on an ongoing basis through literature review and feed-

back from users of the network’s databases, and also through

periodic review of all statuses. Uncertainty about conservation

status of a species is captured in part through the use of range

ranks (see “Data Manipulation” above). A species’ status may

change over time due to several reasons, and not solely due to a

species becoming more or less at risk of extinction. For example,

more populations may be found than were known to exist, or a

species may be split taxonomically into two species, such that the

two new species may individually be at greater risk of extinction

than their single parent species. Because status may change for

reasons other than an actual change in condition, and because a

species may experience a significant increase or decrease in popu-

lation size without an incremental change in status, trend is itself

a particularly useful measure to use in addition to conservation

status and may be reported in future editions of this report if and

when data on trends become available.

These data are not from a site-based monitoring program,

but rather from a census approach that focuses on at-risk species;

for more common species knowledge has been incorporated from

a wide variety of observations and sources. 

Data Access: Updated and more detailed information on all

species is available at http://www.natureserve.org/explorer. 

For more customized data requests, contact jason_mcnees@

natureserve.org.

T h e  D a t a  G a p
Data are not currently available on the status of most coastal and

marine species. However, NatureServe will be incorporating sta-

tus assessments for marine fishes into their databases.

NatureServe already reports the status of nearly 150 coral species

found off the coast of southern Florida. NatureServe expects to

broaden its coverage of marine species to include many more

invertebrates and, hopefully, Hawaiian fishes, which is a large

challenge given that these are largely different varieties than those

found in coastal regions of the mainland United States.

Data on the status of vascular plants exist (and are reported

here), but for the most part, these plants have not been classified

according to their habitat associations, in the manner that the ani-

mals reported here have been (i.e., animals that are dependent

upon forests, or grasslands/shrublands, or fresh water). This is

primarily a resource issue—there are far more vascular plants

than vertebrate animals, and the size of the workload involved in

categorizing them has prevented this work from taking place. 

See the indicator for Status of Animal Species in Farmland

Areas (page 103) for further discussion of the data gap with

respect to species in agricultural landscapes. 

See the indicator and technical note for urban/suburban

Species Status (pp. 191 and 269) for discussion of the data gap

with respect to species in urban/suburban areas.
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Condition of Plant and Animal Communities 

T h e  I n d i c a t o r
The indicator would report separately on the biological commu-

nity condition of (1) the combined area of land, lakes, and coastal

waters and (2) linear features (streams and coastlines).

Community condition would first be broken into two major cate-

gories: lands and waters under intensive human use and those

that are left in semi-natural-to-natural condition. Intensive human

use would be divided further into two categories: physically

altered and highly managed. Semi-natural-to-natural lands and

waters would be divided further into three categories: disturbed,

less disturbed, and undisturbed.

Examples of system-specific components and indications of

the possible data sources that might be used for reporting on each

category follow. 
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Physically Altered Communities

• Areas covered by 30% or more constructed materials (e.g.,

asphalt, concrete, buildings), as measured from satellites.

Data are available from the National Land Cover Dataset

(NLCD; 30-m resolution. These data are derived from the

Multi-Resolution Land Characterization Consortium, which

is a partnership between the U.S. Geological Survey, the

USDA Forest Service, the National Oceanographic and

Atmospheric Administration (NOAA), and the

Environmental Protection Agency (see the technical note for

the national extent indicator, p. 207, for more details).

• Open mines, quarries, and gravel pits, measured from satel-

lite. Data also available from the NLCD.

• Area of road surface (including unpaved roads). Data from

the Federal Highway Administration, U.S. Department of

Transportation, Highway Statistics 1999, http://www.fhwa.

dot.gov/ohim/hs99/.

• Lined and culverted streams. Data not available.

• Hardened coastline miles. Partial data available from

NOAA’s Environmental Sensitivity Index atlases. (See

Shoreline Types, p. 70.) 

Highly Managed Communities

• Cropped land (not including interspersed natural area), 

as measured from satellites. Data from the NLCD. 

• Forests planted with nursery stock. Data from Forest

Service; see the forest management categories, page 119. 

• Intensively grazed grassland. Data not available; also, no 

specific threshold has been identified that would be used to

define which lands are intensively grazed. 

• Stream miles impounded into lakes. Data not available.

• Drained or impounded wetlands (areas that remain wetlands

but have been highly altered). Data not available. 

Disturbed Semi-Natural Communities

• Forests heavily affected by invasive species. Data not available.

• Grasslands and shrublands heavily affected by invasives.

Data not available.

• Coastal area heavily affected by invasive species. Data avail-

able only for selected estuaries (see p. 222). 

• Freshwater rivers and streams with low IBI (Index of

Biological Integrity, a species-based measure of disturbance).

Data not available. See p. 253. 

• Lands and waters with highly altered species mix, such as

would be characteristic of altered fire or hydrologic regimes.

Neither data nor methods are currently available. 

Less Disturbed

• Semi-natural lands and waters that are neither clearly dis-

turbed nor identified as undisturbed. 

Undisturbed

• Biological communities with species mix essentially the same

as would occur without man’s influence. There is no general-

ly accepted method to identify such lands and waters.

Plant Growth Index

T h e  I n d i c a t o r
The plant growth index is based on data collected by the Advanced

Very High Radiation Radiometer (AVHRR) aboard the National

Oceanographic and Atmospheric Administration’s (NOAA) polar-

orbiting satellites. Each 1.1 km2 mapping area (pixel) has been

measured twice a day. Daytime measurements in the visible wave-

lengths (0.58–0.68 m) and near-infrared wavelengths (0.725–1.1

m) are transformed into a Normalized Difference Vegetation Index

(NDVI), which has a near-linear relationship to absorbed photo-

synthetically active radiation for a given land cover type. NDVI

also correlates well with net uptake of carbon dioxide and plant

biomass production.

For this indicator, NDVI is calculated at 2-week intervals and

summed throughout the growing season; only values that exceed

non-growing-season, background NDVI are included. Growing

season start dates, end dates, and background NDVI were calcu-

lated for each land cover type and region. (For a detailed explana-

tion of calculating growing-season accumulated NDVI, see Reed

and Yang 1997).

Because the relationship between NDVI and absorbed pho-

tosynthetically active radiation varies by cover type, the growing-

season accumulated NDVI was calculated separately for the for-

est, farmland, and grassland/shrubland areas in each county of the

conterminous 48 states, for each year between 1989 and 2000

(except for 1994, when the satellite failed). The 11-year average

growing-season accumulated NDVI was also calculated for each

of the three land cover types in each county. The values in each

county segment for each year were then normalized by using the

corresponding 11-year average for that county segment to pro-

duce a plant growth index where a value of 1.0 equals the long-

term average. Areas with plant growth indices greater than 1.0

have higher-than-average accumulated NDVI; within the same

cover type and in an area as small as a county, this implies higher-

than-average plant growth for that year. The regional and system-

specific plant growth indices are the area-weighted averages of

the segments contained within the region and system.

Land cover for each 1.1 km2 pixel for the growing season

was identified from the National Land Cover Dataset. These data

are derived from the Multi-Resolution Land Characteristization

Consortium, which is a partnership between the U.S. Geological

Survey, the U.S. Forest Service, NOAA, and the Environmental

Protection Agency. (See the national extent indicator’s technical

note on p. 207 for more details.)

T h e  D a t a
Data Sources: Data on accumulated NDVI and analysis of those

data are from the USGS’s Earth Resources Observations Systems

(EROS) Data Center, Sioux Falls, South Dakota (see http://

edcwww.cr.usgs.gov/).

Data Quality/Caveats: In 2000, the NOAA-14 orbit drifted to a

late afternoon overpass time. The effects of this on the plant growth

index have yet to be fully understood. However, because the index

is accumulated from the beginning of the growing season—a point

that is identified each year from the inherent seasonal patterns in the

NDVI data—scientists at the EROS Data Center believe the 2000

estimates are comparable to those of previous years.
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T h e  D a t a  G a p s
Data for 1994 are unavailable because of satellite failure. Data are

available only for the land area of the conterminous 48 states.

The Coasts and Oceans chapter of this report includes an indica-

tor of chlorophyll concentrations in coastal waters, a measure

related to algal growth. That measure is based on maximum

rather than accumulated concentrations, and thus is not directly

comparable. 

R e f e r e n c e s
B.C. Reed and L. Yang. 1997. Seasonal vegetation characteristics

of the United States. Geocarto International 12(2):65–71.) 

Production of Food and Fiber 
and Use of Water 

T h e  D a t a
Forest Products: Data were obtained directly from the USDA

Forest Service. The data used in the graph for the entire United

States are the same as those used in the timber harvest indicator

(see p. 130). Because no data were available for 1980, the data

were divided by the interpolated value for 1980. The same data

are not available on a regional basis, so “removals of growing

stock” was used instead. This statistic is defined as the net volume

of growing-stock trees removed from the inventory during a spec-

ified year by harvesting, cultural operations such as timber stand

improvement, or land clearing. “Growing stock” is a classification

of timber inventory that includes live trees of commercial species

meeting specified standards of quality or vigor. Cull trees are

excluded. When associated with volume, it includes only trees

measuring 5.0 inches (12.7 cm) in diameter or greater at breast

height. In general, the trends in “total timber harvest” and

“removals of growing stock” are similar. Again, these data were

divided by the interpolated value for 1980 in each of the six

regions. Data are included from all 50 states.

Marine Fish Landings: Data were obtained directly from the

National Oceanographic and Atmospheric Administration

(NOAA) and are described in the fish and shellfish landings indica-

tor (see p. 81). Data for Hawaiian waters were included in the

Pacific Coast region and those for the Gulf of Mexico were report-

ed in the Southeast region, even though a portion of these off the

coast of Texas should be included in the Southwest region. Prior to

1976, much of what is now the Alaskan fishery—as well as por-

tions of the other regional fisheries—was in international waters.

These waters came under the control of the United States with the

establishment of the U.S. Fishery Conservation Zone in 1976.

Thus, the large rise in fish landings visible after 1976 (see the com-

mercial fish and shellfish landings indicator, p. 81) resulted from

the acquisition of new territory rather than a jump in the produc-

tivity of a given area of ocean. It was possible to include this situa-

tion in the indicator in the Coasts and Oceans chapter (p. 81);

however, a similar approach was not possible for this indicator.

For this reason, data prior to 1978 were not included. Landings

were divided by the 1980 value, either nationally or regionally. 

Freshwater Withdrawals: Data were derived from the U.S.

Geological Survey Circular series “Estimated Use of Water in the

United States,” which has been published every 5 years since 1950

(note: consistency issues prevented the use of data prior to 1960).

More recent compilations (1985–1995) are available electronical-

ly at http://water.usgs.gov/public/watuse/ (see the technical note

for Water Withdrawals, p. 254). Withdrawals for any given year

(and region) were divided by the 1980 value.

Agricultural Products: Data are available online from the U.S.

Department of Agriculture’s Economic Research Service (ERS).

State-by-state data are from Table 7 of U.S. Agriculture, 1960–96:
A Multilateral Comparison of Total Factor Productivity (Technical

Bulletin 1895, available at http://www.ers.usda.gov/data/

stateproductivity/). State data were summed for the entire U.S.

graph. The data in Table 7 are normalized such that the output

for Alabama in 1996 equals 1. These normalized data were

summed, either for the nation as a whole or for each region, and

then divided by the 1980 value to produce the index values for all

other years.

Human Population: Data are available online from the U.S.

Census Bureau via the “national” and “state” links at

http://eire.census.gov/popest/estimates.php. U.S. or summed

regional data were divided by the value for 1980 to produce the

index values for all other years.

Outdoor Recreation 

T h e  D a t a
Data Source: Data come from a national survey conducted by

phone (National Survey on Recreation and the Environment

[NSRE] 1994–95; see http://www.fs.fed.us/research/rvur/

recreation/publications/outdoor_recreation/title.htm), in which

questions were asked about participation in 68 specific outdoor

recreation activities. Similar surveys have been conducted since

1965; however, comparable data on recreation days are not avail-

able from them. NSRE 2000, whose data are of the same format

as those shown here, is currently under way and will be released

soon after this report is scheduled to go to press (see http://www.

srs.fs.fed.us/trends/nsre.html). 

Data from a total of 17,216 interviews were collected from

January 1994 through May 1995. The NSRE survey was com-

posed of two random-digit-dialing (RDD) telephone surveys.

During the interviews, which averaged 20 minutes in length,

Americans above the age of 15 were asked, among other ques-

tions, about participation in activities and the number of days and

trips spent in recreation activities.

The NSRE data were grouped into several major activity

groups, and the only manipulation of the data here was to re-bun-

dle these groups slightly, as can be seen by comparing Table 4.2 in

the NSRE report to the listing below. Note that these categories

are compatible with those used in the NSRE 2000.

• Walking and Biking: biking, bike touring, walking

• Viewing Activities: bird-watching, wildlife viewing, fish view-

ing, sightseeing, studying nature near water

• Picnics, Family Activities: picnicking, family gathering

• Motor Sports: off-road driving, snowmobiling

• Snow Skiing: downhill skiing, cross-country skiing

• Hiking, Climbing, Etc.: hiking, orienteering, backpacking, 

mountain climbing, rock climbing, caving, horseback riding

• Camping: developed area, primitive area

• Hunting: big game, small game, migratory bird
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• Fishing: freshwater, saltwater

• Swimming and Beachgoing: surfing, swimming/non-pool, 

snorkeling/scuba, visiting a beach or waterside

• Motor Boating and Water Skiing: motor boating, water ski-

ing, jet skiing

• Sailing, Floating, Rowing, Etc.: sailing, canoeing, kayaking, 

rowing, floating, rafting, sailboarding/windsurfing

Data Limitations/Caveats: The RDD survey approach reaches a

random sample of telephone numbers rather than of people. A

substantial portion of non-representativeness of some groups is

attributable to inability to reach selected households and absence

of some households from telephone listings. Affluent families are

virtually certain to have telephone numbers and many have more

than one. However, many low-income households may not have a

telephone. As a result, affluent people may have been over-repre-

sented somewhat in the survey sample. On the basis of Census

data, differences in age, race, and gender were adjusted for over-

or under-representation during data analysis.

Data Availability: Data for the 1994–95 NSRE are freely avail-

able on the Internet (see http://www.fs.fed.us/research/rvur/

recreation/publications/outdoor_recreation/title.htm) and data for

NSRE 2000 will eventually be available at no cost.

T h e  D a t a  G a p
As mentioned in the text, the list of activities for which recreation

days are available is not exhaustive, and further distinctions for

some activities (e.g., swimming, hunting, viewing) on whether they

were conducted in a saltwater or freshwater setting are desirable.

Natural Ecosystem Services

There is no technical note for this indicator.

Coasts and Oceans

Coastal Living Habitats—Coral Reefs,
Wetlands, Seagrasses, and Shellfish Beds 

T h e  D a t a :  C o a s t a l  W e t l a n d s
Data Source: The coastal wetland data came from the U.S. Fish

and Wildlife Service’s (FWS) National Wetlands Inventory (NWI;

Dahl et al. 2000, p. 44). The data presented here include estuar-

ine vegetated wetlands, which are approximately 87% of the total

coastal wetlands included in the FWS report. Excluded types

include estuarine non-vegetated and marine intertidal, neither of

which fall into the category of “biologically structured habitat”—

that is, they are not characterized by significant vegetation that is

habitat for various animals and plants. Note that no estimate of

“presettlement” coastal wetlands is included in this indicator.

There are estimates of coastal wetlands prior to major develop-

ment along the coastline that affected many wetlands. Gosselink

and Baumann (1980) estimate that 10 million acres of coastal

wetlands existed in 1923, which was prior to most of the coastal

development.

Data Collection Methodology: The NWI produces periodic

reports of changes in wetland area. The data, summarized in the

aforementioned report, are derived from three separate analyses;

one covering the 1950s to the 1970s; one covering the 1970s to

1980s, and one covering the 1980s to the 1990s. For this report,

decadal estimates are presented as the midpoint of the decade.

For example, “1980s” data are presented as “1985.” Note that

more detailed data are available from the NWI maps and accom-

panying digital data but that acreage summaries are not compiled

for national or regional reporting.

NWI counts all wetlands, regardless of land ownership, but

recognizes only wetlands that are at least 3 acres. To ensure ade-

quate coverage of coastal wetlands, supplemental sampling along

the Atlantic and Gulf coastal fringes was added.

The patchy distribution of Pacific coast estuarine wetlands

precluded gathering statistically valid data on this wetland type.

Therefore, consistent with past studies, NWI did not sample

Pacific coast estuarine wetlands such as those in San Francisco

Bay, California; Coos Bay, Oregon; or Puget Sound, Washington. 

A permanent study design is used, based initially on stratifi-

cation of the 48 conterminous states by state boundaries and 35

physiographic subdivisions. Within these subdivisions are located

4375 randomly selected, 4-square-mile (2560 acres) sample plots.

These plots were examined with the use of aerial imagery, ranging

in scale and type; most were 1:40,000 scale, color infrared, from

the National Aerial Photography Program.

Data Quality/Caveats: Field verifications addressing questions

on image interpretation, land use coding, attribution of wetland

gains or losses, and plot delineations were made. For example, for

the analyses in the 1980s to 1990s, 21% of the sample plots were

verified.

Data Access: The Status and Trend of Wetlands in the
Conterminous United States 1986-1997 is available on the Web 

at http://wetlands.fws.gov/bha/SandT/SandTReport.html.

T h e  D a t a  G a p :  C o r a l  R e e f s
According to the federal interagency Coral Reef Task Force (CRTF;

http://coralreef.gov), accurate geo-referenced information on the

exact location of specific natural resources and habitat types is

essential for effective management of coral reefs. Comprehensive

maps and habitat assessments form the foundation for a variety of

reef conservation measures, including creating accurate baselines

for long-term monitoring. However, according to the CRTF, most

coral reefs in U.S. waters, and particularly those in the Pacific

Ocean, have not been accurately mapped with modern techniques

and at a scale relevant to emerging conservation issues. 

In March 2000, the CRTF released a plan of action

(http://coralreef.gov/CRTFAxnPlan9.PDF) committing the agencies

to produce comprehensive digital maps of all coral reefs in the

United States and trust territories within 5 to 7 years. During this

period, the ongoing mapping of the Caribbean region will be

completed, and new efforts will begin in the Pacific where critical

data gaps presently exist. This interagency effort will produce

maps at both low and high resolutions that address locally identi-

fied conservation and management needs.

T h e  D a t a  G a p :  S h e l l f i s h  B e d s
The National Shellfish Register of Classified Growing Waters has

been produced every 5 years since 1966; the most recent is the
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1995 Register, released in 1997 (http://spo.nos.noaa.gov/proj-

ects/95register/). The Register is a cooperative effort among the

nation’s shellfish-producing states, federal agencies such as the

U.S. Food and Drug Administration and the National

Oceanographic and Atmospheric Administration, and the

Interstate Shellfish Sanitation Conference (ISSC). 

The program’s focus is on the number and area of shellfish

beds that are classified according to sanitary guidelines adminis-

tered by the ISSC. States have been encouraged to monitor as

broad a range of shellfish beds within their waters as possible, in

order to protect public health. However, the resulting increase in

area monitored confounds reporting on trends in overall shellfish

bed area, making it inappropriate simply to report the acreage

trends contained within the 1995 Register. 

Note that shellfish beds that are no longer living (i.e.,

relict beds) continue to provide valuable habitat to marine

organisms; over time, these beds will slowly disappear as the

shells are dissolved.

The Data  Gap:  Submerged Aquat ic  Vegetat ion
While many programs monitor the extent of submerged aquatic

vegetation (seagrasses, kelp, and other similar underwater plants),

we are aware of no effort to compile and assess national trends.

However, the United Nation’s Environment Program is actively

gathering all available information on the worldwide distribution

of seagrasses.

R e f e r e n c e s
Dahl, T.E., et al. 2000. Status and trends of wetlands in the con-

terminous United States 1986-1997. Washington, DC: U.S.

Department of the Interior, Fish and Wildlife Service.

Gosselink, J.G., and R.H. Baumann. 1980. Wetland inventories:

Wetland loss along the United States coast. Z. Geomorph.

N.F. Suppl. Bd. 34:173–187.

Shoreline Types

T h e  I n d i c a t o r
Total miles of shoreline are shown for the three regions grouped

together, and the breakdown of different shoreline types is shown

as a percentage of each region’s total shoreline miles. As discussed

below, there is some double counting of shoreline types (e.g., a

stretch of shoreline may be both mud flat and wetland); this

occurs for only about 10% of the shoreline miles. This double

counting has two minor implications for the figures. First, a sum

of the miles of different types in the left-hand graph would slight-

ly exceed the actual miles along the shore for these three regions.

Second, the values in the right-hand graph represent the percent-

age of total shoreline length for all the types in a given region,

which is somewhat more than the actual miles along the shore

because of the double counting.

T h e  D a t a
Data Source: These data were provided by the National

Oceanographic and Atmospheric Administration (NOAA),

National Ocean Service, Office of Response and Restoration,

Hazardous Materials Response Division. Data on Florida’s shore-

line were collected by the Florida Marine Institute and processed

and interpreted by NOAA.

Data were extracted from Environmental Sensitivity Index

(ESI) atlases, a product of NOAA’s Office of Response and

Restoration. The ESI method provides a standardized mapping

approach for coastal geomorphology as well as biological and

human use elements. More information is available at http://

response.restoration.noaa.gov/esi/esiintro.html. Data from multi-

ple atlases (1984–2001) were aggregated into the regions used in

this report. For most of the regions, digital data were unavailable

for parts of the coastline. The currency and the completeness of

the coverage affect the quality of the shoreline summary. With

regard to these issues, information specific to the three regions for

which data are available is presented in the “Data Quality” sec-

tion below. Complete metadata for each atlas, including collection

methods and source information, can be viewed at

http://response.restoration.noaa.gov/esi/metadata.html.

Data Collection Methodology: ESI shoreline types were classified

using a combination of overflight information, aerial photography,

local habitat maps, National Wetlands Inventory data, and ground

truthing. For more detailed information specific to each atlas, see

the individual atlas metadata, specifically sections 5.1––Detailed

Description: ESI; and 2.5.1––Source Information: ESI.

Data Manipulation: This indicator presents a simplified summa-

ry of shoreline types, by region. It is a summary of the total length

of land/water interface for the region, as well as the total length

of each of the five shoreline types described below.

The first step in defining the indicator was to consolidate the

shorelines from the various atlases for each region and reconcile

older terminology with current ESI shoreline type classifications.

The next step was to combine the ESI shoreline type classes into

the five more general categories, based on substrate and slope,

that are used in this report. The five categories and the ESI types

that make them up, are as follows: 

• Steep sand, rock, or clay: ESI categories 1 (unvegetated steep

banks, cliffs, and seawalls), 1A (exposed rocky shores), 2A

(exposed wave-cut platforms in bedrock, mud, or clay), 2B

(exposed scarps and steep slopes in clay), 3B (scarps and

steep slopes in sand), and 8A (sheltered rocky shores and

sheltered scarps in bedrock, mud, or clay)

• Mud or sand flats: ESI categories 7 (exposed tidal flats) and

9A (sheltered tidal flats)

• Beaches (sand or gravel): ESI categories 3AF (fine- to medi-

um-grained sand beaches), 4 (coarse-grained sand beaches),

5 (mixed sand and gravel beaches), and 6A (gravel beaches)

• Wetlands, mangroves, etc.: Includes grasslands,

scrublands/shrublands, and marshes. ESI categories 8D (veg-

etated, steeply sloping bluffs), 9B (vegetated low banks), 10A

(salt- and brackish-water marshes, 10B (freshwater marshes),

10C (swamps), and 10D (scrub–shrub wetlands)

• Armored: ESI categories 1B (exposed, solid manmade struc-

tures, 6B (riprap), 8B (sheltered, solid manmade structures),

and 8C (sheltered riprap)

After the regional shoreline was characterized, tables were gener-

ated detailing the length of each shoreline segment and its associ-

ated ESI type. These data were input into a series of computer

programs to sum the total shoreline length and that of each of the

shoreline types. ESI shoreline data are quite complex, however, in

that a single shoreline segment may contain up to three ESI classi-

fications. For example, a segment may have a tidal flat on the
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water side backed by a sand beach, then a marsh on the landward

side. If a segment has different shoreline types, that segment is

counted multiple times. However, when the total length of

land/water interface is calculated, each shoreline segment is

counted only once, regardless of the number of shoreline types it

contains. Thus, the sum of the lengths of all the shoreline types

will be greater than the total shoreline length. This double count-

ing occurs for about 10% of the coastlines characterized.

Data Quality/Caveats: ESI shoreline coverage of the three

regions shown was complete; the Pacific Northwest region also

included considerable area along the shore of the Columbia River.

Some of the older atlases used for this region were compiled more

than 15 years ago. Though the West Coast is generally not consid-

ered an overly dynamic coastline, some changes may have altered

coastline shape or type for a small percentage of this region.

Data Access: The data reported here are the result of an analysis

undertaken specifically for this project; however, some data are

available at http://response.restoration.noaa.gov/esi/esiintro.html. 

T h e  D a t a  G a p
Data are not currently available for the majority of coastal

regions; however, the necessary analyses are under way at NOAA.

Areas with Depleted Oxygen

T h e  I n d i c a t o r
The percentage of brackish water exposed to a range of oxygen

concentrations for at least 1 month will be reported as anoxic (no

oxygen), hypoxic (>0 and <2 parts per million [ppm]), low (2–4

ppm), or sufficient (>4 ppm). Low oxygen levels for a brief peri-

od may do little to disrupt the marine ecosystem; however, when

those levels persist, significant effects on the local ecosystem can

be expected. The percentage of brackish waters that are hypoxic

for at least 1 month will be reported by region. Note that bottom

waters are the first to become hypoxic or anoxic because less light

is available for the oxygen-producing algae to grow, excess organ-

ic matter generally sinks and is decomposed in bottom waters,

and little exchange with the atmosphere occurs—a process that

can introduce oxygen to surface waters.

Dissolved oxygen is an important habitat parameter for both

aerobic and anaerobic organisms. In addition to directly affecting

the distribution, abundance, and diversity of aerobic organisms

(including commercial and sport fish), oxygen depletion (the

development of hypoxia and anoxia) in bottom waters alters bio-

geochemical reactions involving biologically important elements

such as carbon, nitrogen, phosphorus, sulfur, and iron.

The distribution of dissolved oxygen is an integrative meas-

ure of the dynamic balance between processes that produce, con-

sume, transport, and exchange dissolved oxygen. Plants (dominat-

ed by microscopic algae called phytoplankton) generally produce

more oxygen than they consume. The amount of dissolved oxy-

gen in the water at any given time and place reflects the balance

between this production and several ways that oxygen is lost from

a given location: consumption by respiration, loss from surface

waters to the atmosphere because of equilibrium processes (e.g.,

cold water can hold more oxygen than warmer water), and move-

ment of water masses between regions of the world’s ocean. 

Anthropogenic nutrient loading is considered by many to be

the primary cause of increasing trends in the duration and extent

of hypoxia and anoxia. Influxes of nutrients stimulate phyto-

plankton production which can lead to more bacterial decomposi-

tion and rapid increases in biological and chemical oxygen

demand when this production is not consumed by zooplankton,

fish, or shellfish. Consequently, the occurrence of hypoxic and

anoxic bottom waters is an important indicator of coastal

eutrophication and of the effects of human activities on biogeo-

chemical cycles. Long-term observations of the extent of oxygen

depletion in brackish waters will reflect changes in land cover and

land-use patterns in coastal watersheds, including the efficacy of

efforts to control nutrient loading to coastal ecosystems (see the

National Oceanographic and Atmospheric Administration study,

Hypoxia in the Gulf of Mexico, at www.nos.noaa.gov/

products/pubs_hypox.html).

T h e  D a t a  G a p
Dissolved oxygen should be measured with a precision of ±0.5

ppm. Measurements should be frequent enough (several times a

month) to capture seasonal variability on the spatial scales appro-

priate to estuaries and coastal areas. In addition, the required data

cannot be easily accessed because they reside in a variety of data-

bases that are maintained on an ecosystem-by-ecosystem basis by

county, state, and federal agencies and institutions.

Observations with sufficient resolution in time and space to

calculate the extent of bottom water hypoxia with known certain-

ty exist for some regions (e.g., the northern Gulf of Mexico, Gulf

of Maine, Middle Atlantic Bight, South Atlantic Bight) and for

many estuaries and bays (e.g., Long Island Sound, the lower

Hudson River estuary, Chesapeake Bay, San Francisco Bay, Puget

Sound). Although some of these data are available from the

National Oceanographic Data Center (www.nodc.noaa.gov/), the

National Estuary Program (http://www.epa.gov/owow/estuaries/),

and the National Estuarine Research Reserve System

(www.ocrm.nos.noaa.gov/nerr), much of the required data resides

with state agencies and other federal programs; and sufficient

data on both dissolved oxygen and salinity distributions are not

available to calculate this index on regional to national scales.

Contamination in Bottom Sediments

T h e  I n d i c a t o r
This indicator provides information on the concentration, in

coastal bottom sediments, of four major classes of contaminants

that can harm fish and other aquatic organisms and can adversely

affect human health if ingested while consuming fish or shellfish.

Sediment concentration levels will be reported separately for estu-

aries and the coastal ocean out to 25 miles; currently only data

for estuaries are available.

The sediment quality guidelines used in this indicator were

developed by the National Oceanographic and Atmospheric

Administration, through its National Status and Trends Program

(see http://response.restoration.noaa.gov/cpr/sediment/SPQ.pdf).

Before these guidelines, there were no national criteria or other

widely applicable numerical guidelines for sediment quality. These

quality guidelines were developed as informal, interpretive tools

to estimate the possible toxicological significance of chemical con-

centrations in sediments. The guidelines have not been promul-

gated as regulatory criteria or standards, cleanup or remediation
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targets, discharge attainment targets, pass–fail criteria for dredged

material disposal decisions, or for any other regulatory purpose.

See http://response.restoration.noaa.gov/cpr/sediment/SQGs.html.

These guidelines were derived from examination of a large

number of individual contamination studies, all in salt water. Data

from each study were arranged in order of ascending concentra-

tions. Study endpoints in which adverse effects were reported

were identified. From the ascending data tables, the 10th per-

centile and the 50th percentile (median) of the effects database

were identified for each substance. The 10th-percentile values

were named the “Effects Range—Low” (ERL), indicative of con-

centrations below which adverse effects rarely occur. The 50th

percentiles were designated the “Effects Range—Median” (ERM)

values, representative of concentrations above which effects fre-

quently occur. In this report, ERL is referred to as the “possible

effects” guideline and ERM as the “probable effects” guideline. 

T h e  D a t a
For this indicator, The Enironmental Monitoring and Assessment

Program for estuaries (EMAP-E) provided information assessing

the contaminant levels in estuarine sediments and the condition

of benthic organisms in those sediments. These information were

collected from over 2000 sites from Cape Cod, Massachusetts, to

Brownsville, Texas, and represent over 70% of the total estuarine

acreage of the United States (excluding Alaska). These data and

EMAP-E are described in more detail in the technical note for the

national contaminants indicator, p. 210)

Coastal Erosion

T h e  I n d i c a t o r
The condition of the U.S. coastline––whether it is managed or

natural, and whether it is eroding, accreting, or stable––has

become a matter of great concern. Not only can a wide sandy

beach or broad expanse of coastal marshland be aesthetically

pleasing, but it can also protect coastal homes from hazards such

as storms and high tides. An eroding shoreline can translate into

hundreds of million of dollars in damage to coastal property and

loss of tourism revenues. 

Management responses to erosion are also problematic.

Replacing sand (“beach nourishment”) is costly and may have

environmental impacts such as disturbance of fish and wildlife

habitat and damage to dunes from heavy equipment. Construction

of bulkheads and other structures (“armoring”) is generally a

longer-term approach, but has very significant effects on fish and

wildlife that use the shoreline or beach. Neither nourishment nor

armoring necessarily stops erosion; however, armoring typically

lasts longer than nourishment.

An accurate assessment of how much of the U.S. shoreline is

eroding and how much is accreting or stable is necessary to deter-

mine how many coastal homes may be in jeopardy (see The Heinz

Center 2000). It will also allow planners and officials to take

action to protect existing homes from damage and help them

manage future development of the coastal zone. Such assessments

are complicated by the fact that erosion is a natural and naturally

varying phenomenon. Erosion changes on a seasonal and multi-

year basis; there will always be some areas that are eroding and

some that are accreting, and these areas will shift over time. 

T h e  D a t a  G a p
As discussed in the indicator text, guidelines will be necessary for

classifying stretches of coastline as “accreting” or “eroding.” It is

thought that the associated change in the horizontal movement of

the shoreline will be in the range of one-half to several feet per

year. In addition, the coastal management community will need to

agree on impact to the shoreline of groins, which are erosion con-

trol structures typically built perpendicular to the shoreline. It is

not a simple matter, as it would be for bulkheads, to assign a

length of shoreline affected by a groin.

Most shoreline erosion and beach nourishment data are

developed on a short-term, project-specific basis. Few long-term

or regional studies have been carried out, and differences in data

collection and analysis protocols make it difficult to compare site-

specific reports and compile the data for either regional or

national reporting. A study by Dolan et al. (1985) contains a com-

pilation of erosion data from the 1960s, 1970s, and 1980s. This

one-time study may be a model for future analyses.

Various methods have been used to determine whether

shoreline locations are eroding, accreting, or stable. These include

shoreline profiles, National Oceanographic and Atmospheric

Administration’s (NOAA) National Ocean Service Topographic

Survey Sheets, and aerial photographs, which can be geo-refer-

enced or orthorectified. In addition, Light Detection and Ranging

(LIDAR) has been an effective tool for measuring erosion and has

been used in at least two different programs. The Airborne

LIDAR Assessment of Coastal Erosion (ALACE) project was a

partnership between NOAA, the National Aeronautical and Space

Administration (NASA), and the U.S. Geological Survey that uti-

lized LIDAR collected via aircraft to map a good portion of the

sandy beaches of the lower 48 states; NOAA continues to utilize

LIDAR for site-specific analyses of shorelines rather than broad

surveys of the U.S. coastline in its Topographic Change Mapping

program. (For further information on ALACE or the Topographic

Change Mapping program, see http://www.csc.noaa.gov/crs/tcm/.)

Depending on what methods are used, comparison of site-

specific reports may or may not provide an accurate regional or

national assessment. For example, shoreline profiles may not be

dense enough to provide results that can be compared with those

of aerial photography. Another consideration in comparing site-

specific erosion studies is the time period over which the change

in shoreline condition is measured. Reporting on the extent of

erosion nationally will require establishing parameters for com-

parison between various datasets.

Beach nourishment may be undertaken to control erosion,

or it may be the by-product of harbor or inlet construction or

maintenance, when the excavated material is placed on an adja-

cent beach. Nourishment that occurs as a by-product is typically

not well documented.

R e f e r e n c e s
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Sea Surface Temperature (SST)

T h e  I n d i c a t o r
This indicator was calculated as follows: (1) the seasonal average

sea surface temperature (SST) of near-shore water (shoreline out

to 25 miles) was calculated for the warmest season in each region

(termed the “seasonal mean maximum”), which typically

occurred during summer or fall; (2) the long-term mean (during

the warmest seasons) for the period of observation (1985–1998)

was calculated; and (3) the long-term mean was then subtracted

from the seasonal mean maxima. Thus, values greater than zero

are positive “anomalies” (i.e., deviations from the long-term aver-

age), and those less than zero are negative anomalies.

Because of the large heat capacity of the ocean, changes in

water temperature on the scales reported here are likely to reveal

universal changes, such as those caused by global warming, sooner

than will be apparent in air temperature (i.e., changes in water tem-

perature are less susceptible to daily and seasonal variability).

Changes in annual cycles of water temperature and the occurrence

of interannual to decadal trends not only will affect the kinds of

organisms that will thrive in a region, but are thought to be associ-

ated with the degradation of coral reefs (bleaching) and may be

related to the development of harmful algal blooms and the growth

of invasive species. On longer time scales (decades to centuries),

such changes may be related to decreases in the supply of nutrients

to surface waters from the deep sea and a cascade of effects from

decreases in primary production to declines in fish production.

As discussed in the text, there is considerable evidence build-

ing that the surface waters of the oceans are warming gradually

(e.g., Barry et al. 1995 and Levitus et al. 2000).

T h e  D a t a
Data Source: Data from 1985 through 1998 were analyzed for

The Heinz Center by the National Ocean Service of the National

Oceanographic and Atmospheric Administration (NOAA). The

NOAA/National Aeronautics and Space Administration (NASA)

Oceans Pathfinder SST data were obtained using Advanced Very

High Resolution Radiometers onboard several NOAA Polar

Orbiting Environmental Satellites. Complete data are not avail-

able for 1996 and 1997, but are available for 1998. It is impor-

tant to note that SST data are available back to 1979; however,

these data are not yet comparable to the series beginning in 1985.

Data Manipulation: Data were acquired on a grid of square pix-

els nominally 10 km (about 6 miles) on a side. Both the day and

nighttime data were processed to remove clouds (using an “ero-

sion filter”) and then averaged to produce monthly means, which

were then averaged to produce seasonal means. See “The

Indicator” section above for a description of the calculations nec-

essary to generate the SST anomalies.

Data Quality: Systematic errors are rare in such an analysis, and

the data are expected to be within 2oF of actual temperatures

measured 3.3 ft below the surface.

Data Availability: Data are available for free on the Web from

NASA at http://podaac.jpl.nasa.gov/sst/.
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At-Risk Native Marine Species

There is no technical note for this indicator. 

Non-native Species

Further refinement is required to produce an indicator that com-

bines both number of species and the area they inhabit. However,

even with such an indicator, assessment of the national situation

would be impossible without a program of data collection and

assessment. Monitoring activities will need to be conducted regu-

larly in estuaries around the country. These activities must be sup-

ported by historical research to determine which species are

native and which have been introduced.

Two definitions are appropriate for this indicator. “Invasive

species” are defined in Executive Order 13112, “Invasive Species”

(Feb. 3, 1999), as “alien species whose introduction does or is

likely to cause economic or environmental harm or harm to

human health” where “alien species” are, “with respect to a par-

ticular ecosystem, any species, including its seeds, eggs, spores or

other biological material capable of propagating that species, that

is not native to that ecosystem.” 

According to an Office of Technology Assessment study (U.S.

Congress 1993), just 79 non-native species had cost the American

public some $97 billion in damages to natural resources and lost

industrial productivity during the 20th century. Pimentel et al.

(2000) recently published a more comprehensive estimate; they

found that more than $120 billion is spent every year in the

United States to deal with the effects of some 50,000 non-native

species. Although these figures are not limited to coastal non-

natives, they illustrate the scope of the issue. 

The discharge of ballast water by oceangoing vessels is a

major source of such introductions in coastal waters. With the

high speed of modern vessels, organisms taken in with ballast

water at one location have little difficulty surviving the trip to a

distant destination, where the ballast water and its associated

organisms are discharged. Other mechanisms, such as the escape

of fish from aquaculture facilities or the intentional introduction

of non-native species of shellfish to supplement dwindling native

populations, can also contribute to the introduction and spread of

non-native species.

The number of successful new invasions appears to have

increased dramatically during the 1970s and 1980s, perhaps as a

consequence of nutrient enrichment and over-fishing in coastal

ecosystems. The list of recent invaders includes several species of

benthic algae, submerged aquatic vegetation, toxic dinoflagellates

(e.g., Alexandrium catenella in Australia) , bivalves (e.g., the zebra

mussel in the Great Lakes and the Chinese clam in San Francisco

Bay), polychaetes, ctenophores, copepods, crabs, zooplankton,

and fish. Such invasions can profoundly alter the population and

trophic dynamics of coastal ecosystems. For example, the intro-

duction of the ctenophore Mnemiopsis leidyi caused the collapse

of the anchovy fishery in the Black Sea by preying on the
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anchovy’s preferred food, copepods; the introduction of the mac-

robenthic green algae, Caulerpa taxifolia, displaced a diverse

community of sponges, gorgonians, and other seaweeds on more

than 10,000 acres of sea floor in the northern Mediterranean.

T h e  I n d i c a t o r
The indicator will report the degree of influence (low to high) of

non-native species in major U.S. estuaries. The proposed

approach does not evaluate the significance of non-native species

(also called non-indigenous, exotic, introduced, or invasive

species) to economic or ecological condition, but rather focuses

on the degree to which non-natives occupy the system. It would

report an index created by combining the percentage of all species

in a region that are non-native with the percentage of habitat they

occupy (see Table 1). For purposes of this indicator, non-native

species fall into at least five categories: fishes, mollusks, crus-

taceans, higher aquatic plants, and macroalgae. Non-estuarine

areas can also have a significant non-native presence; however,

the assumption of this indicator is that estuaries are generally

more negatively affected.

Table 1 is a proposed framework for establishing the degree

of significance of non-native species in a region. Both the number

of species and the area they inhabit (or their biomass) are factors,

so this measure proposes a combined ranking approach, in which

both factors contribute to an overall score. The values presented

in the table are arbitrary and are intended only to illustrate the

utility of such a ranking system.

The basis for judging significance will vary somewhat among

the different categories of organism––for higher aquatic plants,

mollusks, and macroalgae, the percentage of the total potential

area inhabited would be measured, while for fish and crabs, the

percentage of biomass accounted for by non-native species would

be measured. The non-native rankings for selected major estuaries

should be calculated periodically.

T h e  D a t a  G a p
The number and distribution of native species—not to mention

non-natives—are not well documented in most coastal ecosys-

tems, especially when considering species of bacteria, microalgae,

and protozoa.

Species lists for the five categories of organism will need to

be developed and maintained for each major U.S. estuary. The

lists will be based on existing knowledge of the species in the tar-

get groupings in each estuary and on ongoing surveys of biologi-

cal resources that are conducted in these regions for a variety of

purposes. These surveys will also provide the data required to

assess the ecological significance of the non-native species found

in an estuary. 

Species lists, data on ecological significance, and some moni-

toring data on various species are available from surveys and com-

pilations produced by a variety of sources, including state living

resource and environmental protection agencies, environmental

impact statements, and academic research projects. However, such

data are not available in any consistent fashion for many of the

major estuaries, and there is no nationwide compilation of data.

The National Aquatic Nuisance Species Task Force

(http://www.anstaskforce.gov/), an interagency group, is working

to bring together information and data that will undoubtedly be

useful for this indicator in the future. Also, the Smithsonian’s

Environmental Research Center is actively creating databases on

invasive species (see http://invasions.si.edu/).
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Pimentel, D., L. Lach, R. Zuniga, and D. Morrison. 2000.

Environmental and economic costs of nonindigenous species

in the United States. BioScience 50:53–65.

U.S. Congress, Office of Technology Assessment. September 1993.

Harmful non-indigenous species in the United States, OTA-F-

565. Washington, DC: U.S. Government Printing Office.

Unusual Marine Mortalities

T h e  I n d i c a t o r
A deliberate choice was made to focus this indicator on unusual

mortalities rather than all marine mortalities. The latter includes

death from old age, predation, and human-related causes such as

entanglement with fishing gear. Unusual mortalities were selected

so that only extraordinary instances of animal deaths would be

included; a death from old age is within normal functioning of an

ecosystem and should not be treated as a signal of changing

ecosystem status.

In response to a major dolphin die-off during 1987–88, the

National Marine Fisheries Service (NMFS) established a Working

Group on Unusual Marine Mammal Mortality Events (WGUM-

MME) to create criteria for determining when an unusual mortal-

ity event is occurring and then to direct responses to such events

(see http://www.nmfs.noaa.gov/prot_res/PR2/Health_and_

Stranding_Response_Program/WGUMMME.html). The Working

Group consists of a multidisciplinary team that makes judgments

based on the following: (1) there is an increased number of mor-

talities when compared with historical data; (2) animals are

stranding at an unusual time of year; (3) strandings occur in a

localized area, throughout the geographical range, or they spread

geographically with time; (4) the species, age, or sex composition

of the stranded animals is different from what is normally seen;

(5) stranded animals exhibit similar or unusual pathological find-

ings or general physical condition; (6) mortality is accompanied

by abnormal behavior among living individuals in the wild; and

(7) critically endangered species are dying.

T h e  D a t a
Data Source: U.S. Department of Commerce, National

Oceanographic and Atmospheric Administration (NOAA), NMFS,

Office of Protected Resources, Marine Mammal Health and

Stranding Response Program; and Dierauf and Gulland (2001).

Data Quality/Caveats: The data for 2001 are preliminary as

these unusual mortality events (UMEs) have not been officially
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Table 1. Proposed Framework for Non-native 
Species Indicator

<25 25–75 75–100

1 (low) 2 (low) 3 (medium)

2 (low) 3 (medium) 4 (high)

3 (medium) 4 (high) 5 (high)

% of Non-native Species

% of area inhabited 
or % of total biomass

<25 

25–75

75–100

Possible ranking system: 1, 2 = low; 3 = medium; 4, 5 = high



closed and the total number of affected animals tallied. Also,

there was a single UME for gray whales that spanned three years

(1999–2001). A total of 678 animals were lost to a UME, with

273 in 1999. NOAA has not yet finalized the accounting for this

event, so the remainder was simply split between 2000 and 2001.

Given that there is no apparent trend to the data, this gross sim-

plification should not distort the interpretation of this indicator.

Data Access: The 2001 data for two UMEs and the total number

of gray whales lost in the 1999–2001 UME were obtained directly

from NMFS. All other UME data were obtained from Dierauf

and Gulland (2001).

T h e  D a t a  G a p
There is no program for sea birds, fish, and shellfish similar to

that in place for marine mammals run under the auspices of the

WGUMMME. It will be necessary to establish guidelines for what

constitutes a UME for these animals, which typically perish in

much larger numbers than mammals. For example, a guideline for

fish may be that 1,000 deaths of members of two or three species

would be necessary to qualify for a UME. This guideline may vary

by species and by location and will certainly be different from the

guidelines appropriate for shellfish and sea birds. Because these

UMEs would all involve large numbers of animals, only the num-

ber of events will be reported. In addition, it is unclear if data

exist on UMEs for sea turtles; however, these mortalities would

be reported by the number of animals lost as is done for mam-

mals.

R e f e r e n c e s
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Harmful Algal Blooms

T h e  I n d i c a t o r
For the purposes of this analysis, harmful algal blooms (HABs) are

defined as (1) an increase in the abundance of species that are

known to produce toxins harmful to marine animals or humans

(see Table 2); (2) the occurrence of lesions or mass mortalities of

marine animals caused by HAB species; and (3) the occurrence of

human pathologies caused by HAB species. A single event counts

only once toward the relative intensity scale, even if it produces

multiple impacts (e.g., an increase in the abundance of a HAB

species that causes mass mortalities and an increased human

health risk will be counted as a single event).

There are approximately 5000 species of microalgae in the

world. Of these, about 100 are toxic. The scientific community

refers to the phenomenon that cause these events as HABs, recog-

nizing that HAB species represent a broad spectrum of taxa (e.g.,

dinoflagellates, diatoms, cyanobacteria) and trophic levels (e.g.,

autotrophic, heterotrophic, mixotrophic) and that many HAB

species cause problems at low cell densities (i.e., a visible bloom is

not necessarily required for a HAB event to occur). A second

group of problematic algal blooms is recognized: those that cause

problems such as oxygen depletion, habitat loss, starvation, or

respiratory or reproductive failure in marine animals by virtue of

their high abundance or biomass. These issues are addressed to

some extent in other indicators.

Although definitive scientific evidence is lacking, HAB

events appear to be increasing in number, extent, and severity (see

National Assessment of Harmful Algal Blooms in US Waters,
http://www.habhrca.noaa.gov/FinalHABreport.pdf). Rapid increas-

es in the number of people living, working, and playing in the

coastal zone have increased the input of nutrients to coastal

waters, and HAB events may be occurring more frequently as a

consequence. In addition, increases in shipping (and the inadver-

tent transport of non-native species of algae in ballast water) and

the transport of shellfish between regions and continents may be

increasing the frequency of HAB events by introducing new HAB

species to U.S. coastal waters, or moving them to new locations

within the United States. A growing human population also

increases the demand for food from coastal waters in the form of

wild and cultured fish and shellfish. The aquaculture industry is

threatened by HAB events and may contribute to their increase.

T h e  D a t a  G a p
Most harmful algal events, such as fish kills, are typically identi-

fied after the event occurred or when it is well under way.

Systematic monitoring programs that (1) quantify the abundance

of harmful algal species, (2) quantify the concentrations of

biotoxins or establish unequivocal causal relations between HAB
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Note: PSP, NSP, CFP, ASP, and DSP all cause human health problems.

Region

Northeast

Southeast

Gulf of Mexico

West Coast

Effect

Paralytic Shellfish Poisoning (PSP)

Fish kills

Shellfish mortality

Neurotoxic Shellfish Poisoning (NSP)

Fish kills, Human health

Neurotoxic Shellfish Poisoning (NSP)

Ciguatera Fish Poisoning (CFP)

Amnesic Shellfish Poisoning (ASP)

Paralytic Shellfish Poisoning (PSP)

Amnesic Shellfish Poisoning (ASP)

Diarrhetic Shellfish Poisoning (DSP)

Species

Alexandrium tamarense

Gymnodinium mikimotoi

Aurococcus anophagefferens

Gymnodinium breve

Pfiesteria piscicida

Gymnodinium breve

Gambierdiscus toxicus

Pseudo-nitzschia spp.

Alexandrium catenella

Pseudo-nitzschia spp.

Dinophysis spp.

Table 2. Harmful Algal Species: By Region and Toxic Effect



species and mortality events, or (3) quantify increases in human

health risks are rare. Consequently, the data required to calculate

this index on regional or national scales do not exist.

Although efforts to monitor and report these events are

increasing nationwide, there is no standard measure of HABs.

This is largely because of the heterogeneous nature of HABs (in

terms of taxonomy, nutrition, the conditions under which they

become toxic, the kinds of toxins produced, and their effects) and

the fact that some species cause problems when they bloom while

others cause problems at low cell densities.

State, federal, and academic programs collect most existing

data, such as those in the database maintained by the Florida

Marine Research Institute, for specific purposes (e.g., research or

mitigation) or for specific locations (e.g., the west coast of

Florida) where HABs have caused problems in the past. Thus,

there is little consistency among programs, and there is no mecha-

nism in place to establish regional or national databases. Both the

National Oceanographic and Atmospheric Administration

(NOAA; http://www.nodc.noaa.gov/col/projects/habs/index.html)

and the Environmental Protection Agency (EPA; http://es.epa.gov/

ncer/rfa/02ecohab.html) have initiated efforts to address these

problems, and the U.S. Global Ocean Observation System

Program, in collaboration with the Southern Association of

Marine Laboratories and the Gulf of Mexico Program, is develop-

ing a prototype system for the northern Gulf of Mexico

(http://www.hpl.umces.edu/projects/HABSOS.pdf).

In addition, the Harmful Algal Bloom and Hypoxia Research

and Control Act was enacted in 1998 (PL 105-383) in response to

concerns that HABs and related environmental events (e.g.,

hypoxia, fish kills) are increasingly a threat to human and coastal

ecosystem health. The act called for the establishment of an inter-

agency task force on HABs and hypoxia; a national assessment of

HABs and hypoxia; and an assessment plan for the Gulf of

Mexico. A federal interagency task force released the National
Assessment of Harmful Algal Blooms in US Waters in October

2000 (http://www.habhrca.noaa.gov/FinalHABreport.pdf).

Condition of Bottom-Dwelling Animals

T h e  I n d i c a t o r
The worms, clams, and crustaceans that inhabit the bottom sub-

strates of estuaries are collectively called benthic macroinverte-

brates. These organisms play a vital role in maintaining sediment

and water quality and are an important food source for bottom-

feeding fish, shrimp, ducks, and marsh birds. Benthos are often

used as indicators of disturbances in estuarine environments

because they are not very mobile and thus cannot avoid environ-

mental problems.

T h e  D a t a
Data Source: The U.S. Environmental Protection Agency’s (EPA)

Environmental Monitoring and Assessment Program (EMAP)

(http://www.epa.gov/emap/) collected these data. See the technical

note for Contamination in Bottom Sediments for a description of

the EMAP program. These data were collected as part of the

EMAP for Estuaries (EMAP-E).

Data Collection Methodology: EMAP-E examined benthic sam-

ples from over 2000 sites from Cape Cod, Massachusetts, to

Brownsville, Texas. All site selections were based on probabilistic

designs that permit the extrapolation of the data to the entire

area. Using a Young-modified Van Veen grab, three replicate grabs

were collected from each site and forwarded for identification

and quantification of species. Using an index developed by

EMAP-E (Engle and Summers 1999, Engle et al. 1994, Van Dolah

et al. 1999, Weisberg et al. 1997), the condition of the benthic

community was determined for each replicate sample, each site,

and the bottom surface area of U.S. estuaries. The index reflects

changes in benthic community diversity and the abundance of

pollution-tolerant and pollution-sensitive species. A low benthic

index rating indicates that the benthic communities are less

diverse than expected, are populated by more than expected pol-

lution-tolerant species, and contain fewer than expected pollu-

tion-sensitive species. The data in this report reflect an assessment

of benthic communities as “good” (high index score), “fair”

(moderate index score), or “poor” (low index score). For this

report, these classes were described using the terms “undegrad-

ed,” “moderate,” and “degraded.” These terms were chosen to

ensure a neutral description of the index information (i.e.,

whether a site’s benthic community indicates that the site is

degraded or not in relation to a reference site). 

Data Quality/Caveats: The indices used in the three regions

were developed independently and may not be comparable. Each

has been demonstrated to be accurate in the region in which it

was developed, but there is some question about whether they

can be combined because of the different procedures used in

their development.

The definition of undegraded and degraded areas also var-

ied because the levels and types of stress differ from region to

region. As a result, the indices in less disturbed areas, such as

those being developed in southern California, are designed to

detect smaller levels of perturbation than are indices developed

for areas like the Chesapeake Bay, where hypoxia and resulting

defaunation are prevalent.

Finally, some indices are closely identified with particular sam-

pling methods, creating challenges for integration of results. For

example, Gulf of Mexico and Atlantic coast indices are based on

animals held on a 0.5-mm screen, while an index used in southern

California is based on samples sieved through a 1.0-mm screen. 

Data Access: The data presented here were obtained directly

from EPA. 

T h e  D a t a  G a p
Benthic infaunal data are available from most areas of the coun-

try, but the index tools necessary to conduct regional-scale assess-

ments of benthic condition are available for estuaries in only three

areas of the country: the Mid-Atlantic, the South Atlantic, and the

Gulf of Mexico. Altogether, these indices cover less than half of

the nation’s estuarine waters. EPA has recently issued national

guidance on index development (EPA 822-B-00-024), which

should facilitate development efforts in the remaining areas. The

guidance document is available on the Web at

http://www.epa.gov/waterscience/biocriteria/States/estuaries/

estuaries1.html. In addition, few data are available on benthic

community condition in coastal ocean waters (out to 25 miles).
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Chlorophyll Concentrations

T h e  I n d i c a t o r
Coastal Ocean: For each year, the average chlorophyll-a

(referred to here as chlorophyll) concentration (parts per billion,

or ppb) for the season with the highest average is reported; this is

referred to as the “seasonal mean maximum.” Data are reported

for each region in a band of coastal water extending 25 miles

from the shoreline. This boundary was chosen so the index would

be more sensitive to changes in nutrients input from terrestrial

sources than influences from the deep sea.

Estuaries: It is proposed to report the percentage of U.S. estuary

area that has seasonal mean maximum chlorophyll values below 5

ppb, from 5 to 20 ppb, and above 20 ppb.

T h e  D a t a
Coastal Ocean: Data from the National Aeronautical and Space

Administration’s (NASA) Sea viewing Wide Field-of-view Sensor

(SeaWiFS; see http://seawifs.gsfc.nasa.gov) were analyzed for the

nine ocean regions by the National Ocean Service, National

Oceanographic and Atmospheric Administration (NOAA). “Water

leaving radiance” (reflectance, or light reflected from the sea sur-

face) is used to estimate chlorophyll concentrations at the surface

using a series of assumptions accepted by the scientific communi-

ty. The data utilized for this analysis are termed “level 3.” In all

cases, seasonal maxima were determined for strips of water 25

miles wide along the coast. These strips were analyzed using

square pixels 6 miles on a side. Note that earlier data from the

Coastal Zone Color Scanner are available; however, they are not

directly comparable to the SeaWiFS data.

T h e  D a t a  G a p
Coastal Ocean: Algorithms used to translate water leaving radi-

ance into chlorophyll concentration currently provide only rough

estimates of concentration in those waters where concentrations

of suspended sediments and colored dissolved organic matter are

high; for example, near-shore waters influenced by surface and

groundwater discharges, coastal erosion, and sediment resuspen-

sion. A major research effort is currently under way to improve

coastal algorithms. Spatial resolution is also a problem. The data

presented here are based on a fairly coarse scale (6-mile resolu-

tion), but data with 10 times more resolution will soon be avail-

able. In order to provide more reliable estimates, satellite data

need to be analyzed together with field (in situ measurements)

data that typically are not available electronically and, therefore,

not easily accessible. In addition, techniques for integrating the

two types of data are needed. Currently, data showing relative

changes in chlorophyll within a region can be trusted; however,

data showing actual concentrations for any given region may be

off by a factor of two. Thus, unless differences are large, meaning-

ful comparisons between regions are not yet possible.

Estuaries: As discussed in the text, no regularly reported data are

available for this portion of the indicator. Data from NOAA’s

National Estuarine Eutrophication Assessment (see http://

spo.nos.noaa.gov/projects/cads/nees/Eutro_Report.pdf) suggest that

40 percent of the area of major estuaries has “high” chlorophyll

levels (>20 ppb), with another 46 percent having “moderate lev-

els” (5–20 ppb). At the extremes, the north and south Atlantic

regions had mostly low-to-moderate levels, while three-quarters

of the estuary area in the mid-Atlantic had high chlorophyll levels.

These results are not based on quantitative data analysis but on

the knowledge of scientists familiar with the estuaries in each

region. Monitoring data do exist for some estuaries, but need to

be assembled into a uniform, national database, and new pro-

grams would be required for the remaining estuaries. A combina-

tion of aircraft and satellite remote-sensing and in situ measure-

ments will be required to determine the estuarine component of

this indicator.

Commercial Fish and Shellfish Landings

T h e  D a t a
Data Source: Data are from the U.S. Department of Commerce,

National Oceanographic and Atmospheric Administration,

National Marine Fisheries Service (NMFS), Office of Science and

Technology, Fisheries Statistics and Economics Division. In addi-

tion, data on foreign and joint-venture landings for Alaska came

from Kinoshita et al. (1993 and 1997) and NMFS “blend data”

for June 2000 (for a description of “blend data,” see http://

www.fakr.noaa.gov/sustainablefisheries/blend.htm). The estimates

for foreign catches that occurred prior to the establishment of the

Fisheries Conservation Zone in 1976 (dotted line in the figure)

came from Wise (1991) and are based on NMFS data; however,

these data could not be verified.

Data Collection Methodology: Fish landings data for the Pacific

Coast were collected by four state fishery agencies, and NMFS

reported fish processed at sea by U.S. boats (fish processed by for-

eign boats and then exported are not reported). On the Atlantic

and Gulf coasts, landings data were usually collected cooperative-

ly by the 19 state fishery agencies and NMFS. Some data were

also collected by marine fishery commissions.

Atlantic and Gulf commercial fishery data represent a census

of landings and were principally reported using seafood dealer

weighout slips, while data on the Pacific coast were principally

reported using trip ticket reports and observer reports for at-sea

processors. Since 1994, an increasing portion of the fishery catch

and effort data for federally managed species has been collected

using federally mandated logbooks. The use of Vessel Monitoring
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Systems and other electronic data collection and reporting methods

is relatively recent and is limited to a small sector of U.S. fisheries.

Note that NMFS has historically included all commercial

landings of mollusks in these data, in part because it is not provid-

ed with information that will allow it to separate wild-caught

from cultured mollusks. In terms of finfish (simply termed “fish”

here), those raised by aquaculture are not included with the

exception of Alaska salmon, which are released at smolt size (2–4

inches in length) and are caught several years later when they

return from the ocean to spawn.

Data Manipulation: All finfish landings have been transformed,

when necessary, from landed weight (e.g., dressed, filleted) to

round (live) weight equivalents. All mollusks have been standard-

ized from the collected landing report format (e.g., bushels, totes,

gallons, counts, and dozens) and reported as meat weight (i.e.,

without shell) landings. The collecting state and federal agencies

themselves transform the landings data.

Data Quality/Caveats: The National Research Council conduct-

ed a review of NMFS fisheries data and published Improving the
Collection, Management, and Use of Marine Fisheries Data in

2000. The report made several recommendations for strengthen-

ing fishery data collection, such as implementing a national set of

standards and protocols under the umbrella of a Fisheries

Information System, but no serious flaws in the existing data col-

lection system were noted.

Data Access: Non-confidential commercial fisheries landings

data for 1950–2000 are available at no cost from the NMFS

Fisheries Statistics and Economics Division Web site

(http://www.st.nmfs.gov/st1/commercial/index.html). The Web site

allows users to summarize the data by year, region, state, species,

fishing gear, pounds, and dollars.

R e f e r e n c e s
Kinoshita, R.K., A. Greig, D. Colpo, and J.M. Terry. 1993.

Economic status of the groundfish fisheries off Alaska, 1991.

U.S. Dept. Commer., NOAA Tech. Memo. NMFS-AFSC-15.

Kinoshita, R.K., A. Greig, D. Colpo, and J.M. Terry. 1997.

Economic status of the groundfish fisheries off Alaska, 1995.

U.S. Dept. Commer., NOAA Tech. Memo. NMFS-AFSC-72.

Wise, J.P. 1991. Federal conservation and management of marine

fisheries in the United States. Washington, DC: Center for

Marine Conservation.

Status of Commercially Important 
Fish Stocks

T h e  D a t a
Data Source: The National Oceanographic and Atmospheric

Administration’s (NOAA) National Marine Fisheries Service

(NMFS) Research Centers in Woods Hole, Massachusetts; Miami,

Florida; La Jolla, California; and Seattle, Washington (two cen-

ters). Natural Resources Consultants, Inc., analyzed the data

under contract for The Heinz Center.

Data Manipulations: As reported by NMFS in the recent publi-

cation Our Living Oceans, there are 203 stocks within federal

jurisdiction. Excluded from these analyses are near-shore stocks,

many of which are under state management jurisdiction, and

anadromous salmon stocks from the Pacific Northwest. 

For 158 of these stocks, data are adequate to consider

reporting on their status; the remaining 45 stocks constitute a

small fraction (2.5%) of recent landings. Analyses presented in

this report were limited to those stocks for which at least 10 years

of data were available over the 1981–1999 time period. Both

spawning stock biomass and total exploitable stock biomass fig-

ures were used to track stock trends. This restriction (i.e., 10

years of data) meant that only 49 of the 158 stocks having status

data could be used (these 49 stocks represent about 75% of the

weight of fish caught in U.S. waters). It should be noted that

requiring spawning stock biomass or total exploitable stock bio-

mass figures certainly restricted the number of trackable stocks;

other means exist (e.g., catch per unit effort, relative abundance,

indices that combine several stocks) to track stocks that were not

included in this analysis.

Biomass refers to the total weight of fish, and can change

either because there are more or fewer fish or because, on aver-

age, fish are larger or smaller, although changes in biomass are

generally described as changes in population size. Stock trends

(i.e., “increasing,” “decreasing” or “no trend”) were determined

by linear regression. Trends were determined for four overlapping

10-year periods (1981–1990, 1984–1993, 1987–1996,

1990–1999), which reduced the likelihood that normal year-to-

year fluctuations would influence the results. (This is analogous to

the effect of using a running average.) Two conditions were neces-

sary for a trend to be reported: the regression line had to have a

correlation coefficient (R) indicating at least 95% confidence that

the slope was different than zero; and the regression line had to

indicate a minimum 25% change over the 10-year period

(increasing or decreasing). Trends for the following 49 stocks

were studied:

• North/Mid-Atlantic: Atlantic menhaden, Georges Bank cod,

Georges Bank haddock, Georges Bank yellowtail flounder,

southern northeast yellowtail flounder, mid-Atlantic summer

flounder, Gulf of Maine red fish, Gulf of Maine cod, Gulf of

Maine–Georges Bank plaice, Gulf of Maine–Georges Bank

witch, Georges Bank winter flounder, and southern New

England winter flounder. 

• Gulf of Mexico: Brown shrimp, white shrimp, and pink

shrimp. 

• Southern California: Mackerel and sardine.

• Pacific Northwest: Dark blotched rockfish, lingcod (north-

ern), lingcod (southern), widow rockfish, yellowtail rockfish,

bacaccio rockfish, canary rockfish, cow rockfish, Pacific

hake, petrale sole, chilipepper rockfish, sablefish, Dover sale,

and longspine thorny rockfish. 

• Alaska Region: West & central Alaska pink salmon, west &

central Alaska sockeye salmon, west & central chum salmon,

west & central Alaska Chinook salmon, west & central

Alaska Coho salmon, Bering Sea pollock, Bering Sea Pacific

cod, Bering Sea yellow fin sole, Bering Sea rock sole, Bering

Sea sablefish, Gulf of Alaska pollock, Gulf of Alaska sable-

fish, Pacific halibut, red king crab, blue king crab–Pribilofs,

blue king crab–St. Matthews, Tanner crab, and snow crab.

Data Quality/The Remaining Data Gap: Currently, we are able

to evaluate trends on only about 25% of the commercially impor-

tant stocks found in U.S. waters. 
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Data Access: Stock biomass data are available by contacting the

NMFS research centers noted above in “Data Source.” 

Selected Contaminants in Fish and Shellfish

T h e  I n d i c a t o r
Mercury, DDT, and polychlorinated biphenyls (PCBs) are the

chemical contaminants of most concern with respect to the

human health impacts of the consumption of seafood. Many fish

consumption advisories have been issued for because of high con-

centrations of these compounds. 

This indicator would report the concentration of DDT,

PCBs, and mercury in the edible portion of fish and shellfish. The

edible portion is preferred for this indicator because whole-body

analyses can overstate the level of risk, as some contaminants con-

centrate in portions that are not eaten. 

T h e  D a t a  G a p
The Food and Drug Administration (FDA), Environmental

Protection Agency (EPA), and state governments have a variety of

monitoring and reporting programs in place; however, these pro-

grams do not provide the basis for national reporting on contami-

nant concentrations.

The FDA has the power to conduct wharf examinations and

collect and analyze fish and shellfish samples for a wide variety of

defects including chemical contaminants, decomposition,

radionuclides, various microbial pathogens, food and color addi-

tives, drugs, filth, and marine toxins such as paralytic shellfish

poison and domoic acid. When necessary the FDA has the author-

ity to detain or remove any imported or domestic product from

interstate commerce that fails to meet standards. Though these

powers are broad, they are not used in a manner that provides

periodic national reporting on chemical contamination.

The FDA works with state regulators when commercial fish,

caught and sold locally, are found to contain methyl mercury lev-

els exceeding 1 part per million (ppm). The agency also checks

imported fish at ports and refuses entry if methyl mercury levels

exceed the FDA limit. There is no FDA reporting program based

on these inspections, however. 

With the cooperation of state, county, regional, and country

officials, the FDA has a Pesticide Residue Monitoring program

whose emphasis is on the raw agricultural product but also

includes some seafood products. In its 1999 Total Diet Study

(TDS; http://vm.cfsan.fda.gov/~comm/tds-toc.html), sometimes

called the Market Basket Study, the FDA determined intake levels

of various pesticide residues, contaminants, and nutrients in

foods, in representative diets of specific age-sex groups in the

United States. In the 1999 and subsequent studies, a total of 267

different foods were represented in the 26 market baskets ana-

lyzed. Of those 267 foods, only seven involved seafood. While

this program might provide estimates of consumption of various

contaminants in the American diet, it does not provide a consis-

tent means of tracking contaminant concentrations in fish from

U.S. waters.

EPA has provided a national guidance manual

(www.epa.gov/ost/fish/guidance.html) to states for developing

consumption advisories and contaminant monitoring programs,

but does not directly conduct such monitoring. The manual,

which is not binding upon states, was designed to promote consis-

tency in sampling and analysis methods, risk assessment methods,

decision-making procedures, and approaches for communicating

risks to the public. In addition, both EPA and FDA have issued

action levels for concentration of various contaminants, and states

may choose between them when deciding whether to issue fish

consumption advisories. 

EPA maintains a Listing of Fish and Wildlife Advisories

(http://fish.rti.org). This database describes state-, tribal-, and fed-

erally issued fish consumption advisories. Information in the data-

base is provided voluntarily by the states and may not include the

actual concentration data used to determine an advisory need.

Since advisories may be based on different levels in different

states; it is not even possible to use this database to determine

how many cases exceeded a certain level.

From 1990 to 1995, EPA published the National Survey of

Mercury Concentrations in Fish (www.epa.gov/ost/fish/

mercurydata.html). In addition to the fact that this survey was dis-

continued, several factors contribute to the variability of the cur-

rent database. States collect data for purposes other than mercury

analyses, and not all sampling strategies are based on a random

sample. For example, data collected for the purpose of annual

water-quality monitoring may not produce the same results as a

site-specific study of fish tissue mercury concentrations. States use

different techniques to sample fish. The sampling techniques used

by each state influence sample size, fish size, and fish type. States

do not adhere to the same standards for assimilating a composite

sample. The absence of a standardized method for grouping fish

may result in grouping different species of fish into composites,

which can affect both the representativeness of the sample and

the results of analyses. States use various analytical procedures to

measure the concentration of total mercury in fish. Variations

among analytical equipment, use of different protocols and proce-

dures, and different levels of laboratory staff experience can all

bias the assessment of mercury concentrations in fish. In addition,

mercury analyses reported on a wet weight basis cannot be direct-

ly compared to concentrations reported on a dry weight basis. 

Recreational Water Quality

T h e  I n d i c a t o r
The most commonly used indicators of fecal contamination are

total coliform bacteria, fecal coliform bacteria, Escherichia coli,
and Enterococcus (the latter two are bacteria as well). Although

indicator bacteria do not necessarily cause illness, they are abun-

dant in human waste where pathogenic organisms, such as viruses

and parasites, are also likely to exist. Bacterial indicators are cur-

rently measured instead of pathogenic organisms because the indi-

cators occur in much larger numbers and can be measured with

faster, less expensive methods than the pathogens of concern.

However, with advances in biotechnology, it may soon be feasible

to monitor pathogens using genetic tests.

This indicator focuses on Enterococcus, which was selected

over other measures of bacteria because it has been shown to be

the most closely correlated with human health effects. The U.S.

Environmental Protection Agency (EPA) recommended the use of

Enterococcus as the fecal-indicator bacteria for recreational water

quality standards in 1986, but it is still not as widely used as the

coliform measures. The reporting categories for this indicator

correspond to the daily (104 cells per milliliter of water) and

monthly (35 cells per milliliter) geometric mean thresholds sug-

gested by EPA as national beach water quality standards. It should
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be noted that the selection of Enterococcus is logical today based

on EPA guidelines; however, it is possible that new recommenda-

tions from EPA and other sources may alter the organism(s)

reported in this indicator (for a discussion of a multi-organism

indicator, see http://www.healthebay.org/beachreportmethod.asp).

Because some events are short-term but extend over large

areas and others are chronic closures in small areas (near a small

local source, for example), the indicator is based on the number

of beach-mile-days exceeding thresholds of concern, rather than

on the number of exceedances or closures. These different scenar-

ios would be weighted inappropriately if the measure were limit-

ed to the number of events or to the mileage of beaches that

exceeded thresholds at any time during the year. 

The indicator is also based on the underlying microbio-

logical data rather than on the number of beach closures or

advisories, as is done in EPA’s national report (http://

www.epa.gov/OST/beaches/); differences in procedures used by

local governments in making closure decisions make such report-

ing less informative. Moreover, the amount of beach monitoring

varies dramatically among states, and an indicator based on the

number of closures may focus undue concern on states or beach

areas that are the most vigilant.

T h e  D a t a  G a p
In 2000, the U.S. Congress passed the Beaches Environmental

Assessment and Coastal Health (BEACH) Act. The Act authorizes

EPA to award grants to local entities (states, tribes, and territories)

to develop and implement monitoring programs at beaches along

the coast, including along the Great Lakes. In response to recent

legislation, the state of California is moving toward routine

reporting of closures in beach-mile-days. Most other states do not

summarize their data in this format.

Only one study has ever estimated the number of beach-

mile-days exceeding bacteriological thresholds of concern, and

that was a one-time research project (Noble et al. 2000).

There are several challenges to reporting this indicator at a

national level. These involve, first, the adoption by states and

municipalities of the use of Enterococcus as an indicator bacteria

and adoption of the use of beach-mile-days as the unit of report-

ing. Second, national reporting will require obtaining the microbi-

ological data from the numerous local governments that collect it.

The indicator also requires an assessment of the extent of beach

monitoring, which will require three additional types of informa-

tion: an estimate of the number of miles of publicly accessible

beach that is available for water-contact recreation, the spatial

extent of beach associated with each water quality measurement

(e.g., distance to the next measurement location or to the farthest

location that would be closed based on results from that sample

site), and the time between samples. This can be complex in prac-

tice because some programs measure bacteria sporadically based

on events such as spills or citizen complaints, and defining how

much beach is represented by a sample can be difficult. Most

monitoring uses sampling sites a mile or more apart, while closure

decisions typically apply to much smaller areas around any given

sampling point. 

In addition, many of the agencies and organizations that

monitor water quality do not store their data electronically, and

even those that do so do not use an agreed-upon storage format.

There are also considerable differences in the number, frequency,

and degree of coverage of sampling among states and even among

beaches within individual states. More consistency among sam-

pling efforts across the nation would enhance the value of the

measure. EPA is working to solve the data management problem

by collaborating with coastal states to produce an annual report

on the national extent of beach closures. While this is a start,

EPA’s reporting effort focuses only on closures, rather than on the

underlying water quality. Since the standards used to determine

when a beach is too dirty for swimming vary from place to place,

this information cannot provide a consistent picture of water

quality nationwide.
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Farmlands

Total Cropland

Note: Other indicators in this chapter will refer to the discussion

of the Natural Resources Inventory (NRI) below.

T h e  I n d i c a t o r
This indicator reports the acreage of cropland in the United

States. Included in this category are pastures and haylands. For

the purposes of this indicator, lands that have been idled in long-

term set-aside programs, such as the Conservation Reserve

Program (CRP), are not included. This is in part because of the

objective to report on those lands that are in active use, and

because not all of the programs distinguish CRP acres equally well

(the remote-sensing data from the National Land Cover Dataset

[NLCD] do not separate them from active croplands). In theory,

the land area utilized for animal feedlots would be included in

this indicator. In practice, however, this acreage is certainly quite

small and is not isolated by the various programs used in this

analysis. (While the indicator definition excludes CRP lands, one

of the data sources used [Economic Research Service, or ERS]

does not report CRP acreage separately; thus, the ERS numbers

include CRP acreage. There are other differences between the

datasets; see below.)

In addition, lands used for intensive livestock feeding are

included within the ambit of this indicator. However, it was not

possible to determine the degree of coverage of these areas for the

data sources described below. 

T h e  D a t a — G e n e r a l  
Data Sources: These data were obtained from the U.S.

Department of Agriculture (USDA) Natural Resources

Conservation Service, National Resources Inventory (NRI) pro-

gram; the USDA National Agricultural Statistical Service, Census

of Agriculture; the USDA ERS, Agricultural Resources and

Environmental Indicators publications; and the U.S. Geological

Survey. (USGS provided access to and processing assistance with

the NLCD, originally produced by a federal interagency consor-

tium, the Multi-Resolution Land Characterization [MRLC]

Consortium, see p. 207). See details below on each program.
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Comparability Among Data Sources: These four data sources

are not fully consistent, and comparisons should be made with

care. For example, ERS and Census of Agriculture data include

croplands in Alaska and Hawaii, while NRI does not, and only the

ERS data reported here include acreage in the CRP—these acres

were removed from the data for Census of Agriculture and NRI. 

The statement that cropland, including pasture and hayland,

occupies about one-fourth of the land area of the United States is

based on the estimates from the four programs noted above.

These estimates range, for 1997, from 431 million acres (NASS)

to 496 million acres (NRI). They are compared to the land area of

the lower 48 states (derived from the MRLC dataset), 1.891 bil-

lion acres. Thus, the percentages range from 22.8% to 26.2%.  

U S D A  N a t i o n a l  R e s o u r c e s  I n v e n t o r y
Data Source: Data are from USDA, National Resources

Conservation Service, Iowa State University Statistical Laboratory,

Summary Report 1997 National Resources Inventory (revised

December 2000).

Data Collection Methodology: The USDA Natural Resources

Conservation Service, in cooperation with the Iowa State

University Statistical Laboratory, conducts the NRI survey to cap-

ture data on land cover and use, soil erosion, prime farmland

soils, wetlands, habitat diversity, selected conservation practices,

and related resource attributes. Data are collected every 5 years

from the same 800,000 sample sites in the lower 48 states, Puerto

Rico, the U.S. Virgin Islands, and some Pacific Basin territories. 

The estimated acreage of nonfederal cropland was classified

as irrigated, non-irrigated, cultivated or noncultivated acreage.

Data are collected for the NRI using a variety of imagery, field

office records, historical records and data, ancillary materials, and

onsite visits. The data are compiled, verified, and analyzed to pro-

vide a comprehensive summary of the state of U.S. non-federal

lands. The NRI is a two-stage stratified area sample of the entire

country. Stage one is the Primary Sampling Unit (PSU), and it is a

sampling of an area/segment of land typically square to rectangu-

lar in shape and ranging from 40 to 640 acres but most typically

160 acres in size. Stage two requires the assignment of sampling

unit points that are located within the PSU. Cropland includes

pasture and areas used for the production of crops for harvest.

For the purposes of this indicator, CRP lands were excluded from

the NRI data. 

Data Quality/Caveats: Statistics derived for the NRI database

are estimates and not absolutes, resulting in some amount of

uncertainty. These data are reported at the national level; state-

level data are available at http://www.nhq.nrcs.usda.gov/

NRI/1997/state_info.html.

Data Access: The NRI report is available at

http://www.nhq.nrcs.usda.gov/NRI/1997/.

U S D A  C e n s u s  o f  A g r i c u l t u r e
Data Source: Data are from USDA, National Agricultural

Statistics Service (NASS), 1997 Census of Agriculture.

Data Collection Methodology: The Census of Agriculture is a

comprehensive accounting of agricultural production information

for every county in the United States. For 1992 and 1997, the

census was conducted by USDA NASS; prior to 1992, the Bureau

of the Census was responsible for censuses every 5 years.

The census is conducted using a mailout/mailback form,

direct enumeration, telephone, personal interviews, and follow-

up surveys. The mailing list, with 3.2 million contacts, is com-

posed of individuals, businesses, and organizations that are associ-

ated with agriculture. Report forms for the 1997 Census of

Agriculture were mailed to farm and ranch operators in

December 1997 to collect data for the 1997 calendar year. 

“Total cropland” includes harvested cropland; cropland used

only for pasture or grazing; crop failure; cultivated summer fal-

low; idle cropland; and cropland in cover crops, legumes, and

soil-improvement grasses, not harvested and not pastured. Data

on CRP lands were excluded for the purposes of this indicator. 

Data Quality/Caveats: The data from each report form were

subjected to a detailed item-by-item computer edit. Before publi-

cation, tabulated totals for each state were reviewed by state stat-

isticians to identify inconsistencies. Comparisons were also made

with previous census data, official NASS Agricultural Statistics

Board numbers, and other available check data.

Data Access: The 1964–1997 data are available at http://

www.nass.usda.gov/census/census97/volume1/us-51/us1_01.pdf.

The 1945–1959 data are not available online but can be obtained

by e-mail from NASS at nass@nass.usda.gov.

N a t i o n a l  L a n d  C o v e r  D a t a s e t
These data are derived from the MRLC Consortium, which is a

partnership between USGS, the U.S. Forest Service, the National

Oceanographic and Atmospheric Administration (NOAA), and

EPA. See the explanation of the NLCD in the national extent

technical note, page 207.

U S D A  E c o n o m i c  R e s e a r c h  S e r v i c e
Data Source: Data were acquired from the U.S. Department of

Agriculture, ERS, Resource Economic Division, Agricultural

Resources and Environmental Indicators (AREI) 2000 and AREI

1996–97.

Data Collection Methodology: ERS provides national economic

data and analysis on issues related to agriculture, food, natural

resources, and rural development. 

The “cropland” category includes cropland harvested, crop

failure, cultivated summer fallow, cropland used only for pasture,

and idle cropland. CRP lands are included. ERS compiled these

data from NASS Principal Crops and Census of Agriculture data.

The data used here were compiled from Krupa and Daugherty

(1990), Daugherty (1995), and Vesterby and Krupa (2001).

Data Access: The 1996–97 and 2000 reports may be accessed

online at http://www.ers.usda.gov/Emphases/Harmony/issues/

arei2000/. 

R e f e r e n c e s
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The Farmland Landscape

T h e  D a t a
Data Collection Methodology: The data presented here are from

the National Land Cover Dataset (NLCD); see the technical note

for the national extent indicator (p. 207) for a full description. 

Data Manipulation: The U.S. Geological Survey (USGS) Earth

Resources Observations Systems Data Center aggregated data

from the NLCD into squares 1 km on a side (approximately 1000

30-meter by 30-meter “pixels”). Each of these larger squares was

analyzed to determine its land cover composition; 1-km squares

in which more than 50% of the pixels were croplands were

included within the “farmland landscape.” In addition, a “buffer”

equivalent to a single 1-km square was added to the edge of the

farmland landscape defined above, in order to incorporate areas

near those with significant concentrations of cropland. 

This set of “farmland landscape” squares was analyzed to

determine its composition, using the land cover data for the

underlying 30-meter pixels. These data are aggregated using stan-

dard regions adopted by the Natural Resources Conservation

Service (http://www.nhq.nrcs.usda.gov/land/meta/m2140.html).

The following land cover types were reported, based on NLCD

categories: farmland, forest, grasslands/shrublands, “developed,”

wetlands, water, other (see the national extent technical note for

further details, p. 207). 

Data Quality/Caveats: Note that, in some cases, wetlands are

found on croplands, and it can therefore be difficult to separate

one from the other. This is especially true because these wetlands

may only have water for parts of the year and may be farmed for

other parts of the year. Thus, the data on wetlands reported in

this indicator should be interpreted with some caution.

Fragmentation of Farmland 
Landscapes by Development 

T h e  I n d i c a t o r
This indicator indirectly measures the fragmentation of farmland

by developed or built-up areas. Cropland interspersed with resi-

dential subdivisions raises entirely different policy and farmland

management implications than cropland interspersed, for exam-

ple, with patches of “natural” land cover (forest, grasslands/shrub-

lands, or wetlands). Thus, this indicator considers fragmentation

to occur when croplands and natural lands are interspersed with

development.

This indicator is an index of spatial fragmentation calculated

from digital land cover maps classified from remote-sensing data.

Land cover data from, for example, the National Land Cover

Dataset (NLCD; see technical note for the national extent indica-

tor, p. 207) will be used. This dataset has classified grid cells, or

“pixels,” which represent areas measuring approximately 100 feet

(30 meters) across. This index is computed by analyzing classified

land cover “layers” within a raster-based geographic information

system (GIS).

The fragmentation index is calculated for each pixel in the

farmland landscape (i.e., either cropland or nearby “natural”

lands). This value is based on the characteristics of the surround-

ing pixel “neighborhood.” Such neighborhoods are often created

as 3 by 3 or 5 by 5 pixels arrangements. The value for the center

pixel is based on the character of the surrounding 8 pixels (in a 3

x 3 square) or 24 pixels (in a 5 x 5 square). 

Although the fragmentation index will be calculated for indi-

vidual pixels, index values for pixels will be aggregated at the scale

of one-kilometer squares. Rather than directly reporting index val-

ues (i.e., 0 to 1), three fragmentation classes will be reported based

on a statistical analysis of these aggregated index values. Each one-

kilometer square block will be classified as having a high, medium,

or low level of fragmentation. The percentage of surface area in

each fragmentation class will be reported by region.

A sensitivity analysis should be performed so that the overall

results are not an artifact of the neighborhood size (e.g., such as the

9-pixel arrangement discussed above). In addition, by enlarging the

size of the pixel neighborhood (such as to 5 x 5 pixel units), the

method will be more sensitive to non-adjacent development.

The index will depend not only on the amount of develop-

ment interspersed within the farmland landscape, but also on how

this development is distributed spatially in the landscape. Thus,

development could cover, for example, 20% of two farmland

landscapes, but these two landscapes would have very different

index values. Clustered rural residential development (e.g., con-

servation subdivisions), surrounded by cropland and natural

areas, would result in relatively high fragmentation index values

for those developed portions of the farmland landscape. More

scattered, lower density rural residential development (e.g., large

estates) would result in somewhat lower fragmentation index val-

ues for those developed portions of the farmland landscape. Yet if

the total gross residential densities (e.g., total number of dwelling

units) were equal in both development scenarios, the proportion

of the farmland landscape with an elevated fragmentation index

would be much greater in the scattered, low-density development

scenario. 

The index is sensitive to low-density development if this

development can be detected using satellite data (i.e., the develop-

ment must “fill” a major portion of the pixel used in order to be

classified “developed” in the land cover dataset).

It should be noted that this is a subject that has garnered

considerable attention in the research community. An example of

an alternative approach is the one promoted by the U.S.

Department of Agriculture (USDA) Economic Research Service

(ERS). Its approach identifies farmland that is influenced by near-

by development using property values—based on the assumption

that farmland priced beyond its agricultural value must be experi-

encing development pressure. See Development at the Urban
Fringe and Beyond: Impacts on Agriculture and Rural Land, AER-

803; http://www.ers.usda.gov/publications/aer803/. Another

approach would use data from the Natural Resources Inventory

(NRI; USDA Natural Resources Conservation Service).

Specifically, the “segments per unit” metric might be used for the

appropriate land cover category and reported on a regional basis.

T h e  D a t a  G a p
Several indices have been developed to quantify various aspects of

pattern at the patch, class, and landscape scales. Data appropriate
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for calculating this indicator are available from the NLCD, which

was used to define the “farmland landscape” for this report (see

p. 92). Calculating this index requires digital data and specialized

software designed to analyze landscape spatial patterns. The most

commonly used software for analyzing landscape spatial patterns

(Fragstats) is not capable of processing the very large file sizes that

would be required to calculate this index for the entire nation. It

may be possible to address this analysis using a statistical sampling

technique, analytical approaches relying on GIS software, or

other analytical approaches; however, the details of this were not

resolved in time for production of this report. 

Shape of “Natural” Patches in the 
Farmland Landscape 

T h e  I n d i c a t o r
The size, shape, and juxtaposition of habitat patches within a

landscape, in addition to the total extent of the habitat, influence

the population size and viability of sensitive species (Meffe and

Carroll 1994). Dozens of metrics have been developed to quantify

spatial pattern within landscape mosaics. Some metrics quantify

the size, shape, or juxtaposition of individual patches of a single

land cover type. Others quantify the spatial relationships (e.g.,

juxtaposition) among patches of different land cover types.

This indicator measures the geometry, or spatial configura-

tion, of “natural” areas in farmland landscapes. Natural areas are

native habitats, including forests, grasslands, wetlands, and natu-

ralized habitats, such as land enrolled in the Conservation Reserve

Program (CRP) that formerly was cropland and is now reverting

to, for example, forest or grassland. For the purposes of this indi-

cator, open water is not included; however, wetlands are includ-

ed. (Special attention should be paid to the ability of the land

cover datasets, which are based largely on satellite measurements,

to account for wetlands.)

This indicator will be calculated for individual patches, yet

index values will be reported at the national scale. The indicator

will be based on perimeter-to-area (P/A) ratios that have been nor-

malized by area (i.e., divided by the patch’s area). Rather than

directly reported P/A values, however, three size and shape classes

will be determined by a statistical analysis of each region’s P/A

ratios. The shape classes will be compact (e.g., a circle, which has

the lowest P/A ratio for a given area), intermediate, and elongated

(e.g., a long, narrow rectangle, which has a high P/A ratio for a

given area). The surface area within each size and shape class will

be reported nationally. This patch-based index should be area-

weighted. This weighting ensures that smaller patches (with high-

er P/A ratios) have less influence on the aggregate index than larg-

er patches do. The indicator will be calculated for the aggregated

area of all forests, grasslands, shrublands, and wetlands in the

farmland landscape, rather than being calculated for each “natu-

ral” land cover type independently. 

Landscape structure—or the spatial configuration of patches,

corridors, and the intervening “matrix”—influences ecosystem

integrity. Yet spatial pattern is a complex phenomenon that can-

not be summarized with a single index. The number, size, shape,

orientation, and spatial distribution of land cover patches are

important landscape attributes. Other ecologically significant

aspects of landscape pattern include the proportion and spatial

arrangement of different land cover types.

Agricultural activities have extensively changed many land-

scapes. “Fragmentation,” caused by land use changes and other

disturbances, may alter landscape structure by changing land

cover area and spatial configuration. Within intensively farmed

landscapes, natural areas comprise a relatively small percentage of

the surface area. Typically, these natural areas include relatively

small and isolated remnants of formerly contiguous native vegeta-

tion, in addition to restored conservation areas (e.g., CRP land).

These native and naturalized areas provide wildlife habitat, con-

trol erosion, and perform other important ecological and cultural

functions. Patch size and shape influence the differentiation of

patches into distinct edge and interior habitats. Small patches typ-

ically have a higher ratio of edge to interior habitat than very

large patches with the same shape. Conversely, linear patches

have a much higher proportion of edge to interior habitat than

patches with the same area, but more compact shapes. Small or

highly dissected patches may have little or no interior habitat. The

functional connectivity among patches of natural areas depends

not only on the distances between the patches, but on the inter-

vening land use and land cover conditions. The land covers (e.g.,

built-up) and land uses (e.g., farming) that separate natural areas

can significantly influence biodiversity and species abundance at

landscape and regional scales.

T h e  D a t a  G a p
Calculating this index will require digital data and specialized soft-

ware designed to analyze landscape spatial patterns. Data appro-

priate for calculating this index are available from the National

Land Cover Dataset, which was used to define the “farmland land-

scape” for this report (see p. 92). However, the most commonly

used software (Fragstats) for analyzing landscape spatial patterns is

not capable of processing the very large file sizes that would be

required to calculate this index for the nation. That said, there

may be simpler approaches that would not have such computing

demands, although these have not been fully explored.

It might be possible to make use of existing remote-sensing

data through a procedure involving random sampling. In such a

procedure, rather than processing the entire dataset, samples would

be processed, much as a field program such as the USDA National

Resources Inventory (http://www.nhq.nrcs.usda.gov/NRI/1997/) 

collects data from a representative sample of sites. However, the

specific approach needed for such a sampling program was not

fully explored during the development of this report.

R e f e r e n c e s
Meffe, G.K., and C.R. Carroll, eds. 1994. Principles of conserva-

tion biology. Sunderland, MA: Sinauer.

Nitrate in Farmland Streams and
Groundwater

This technical note also applies to the following indicators: 

• Farmlands: Phosphorus in Farmland Streams

• Forests: Nitrate in Forest Streams

• Urban/Suburban: Nitrate in Urban Streams

• Urban/Suburban: Phosphorus in Urban Streams

This technical note supplements the technical note for

• Fresh Waters: Phosphorus in Lakes, Reservoirs, 
and Large Rivers
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T h e  I n d i c a t o r s
Nitrogen (N) and phosphorus (P) are chemical elements that serve

as essential nutrients for plants and animals, but at excessive con-

centrations they can contaminate groundwater and streams. In

surface waters they can promote excessive growth of algae (nitro-

gen typically causes blooms in coastal waters, whereas phospho-

rus more commonly causes blooms in freshwater systems), whose

decay removes oxygen and threatens aquatic animals. At high

concentrations, some forms of nitrogen (e.g., nitrate and ammo-

nia) can be directly toxic to fish and create health problems for

humans. In groundwater, excessive nitrate poses a threat to

humans who drink from contaminated wells. Common forms of

nitrogen that are readily available to plants for growth include

nitrate and ammonia, and phosphate is the plant-available form of

phosphorus. Sources include precipitation, dissolved natural min-

erals, farm and domestic fertilizers, discharges from septic sys-

tems, and effluents from sewage treatment plants.

Graphs for stream sites show mean-annual concentrations of

dissolved nitrate plus nitrite or total phosphorus. Graphs for

groundwater data are based on nitrate concentration in one sam-

pling of each well. Data are reported as either parts per million

(milligrams per liter) as nitrogen or parts per million (milligrams

per liter) as phosphorus. The data are labeled “mean total nitrate”

although the analytical method actually reports nitrate plus

nitrite. This reporting convention is reasonable because except in

highly polluted waters, nitrite levels are only a very small fraction

of the total and can, therefore, be considered insignificant. 

T h e  D a t a
Data Source: The data were collected and analyzed by the U.S.

Geological Survey (USGS) National Water Quality Assessment

(NAWQA) program in 36 major river basins and aquifers distrib-

uted across the United States from 1992 to 1998. NAWQA sam-

ples watersheds with relatively homogeneous land use/land cover

to better illuminate the effect of land use on water quality. For

this report, data from watersheds where a single land use typically

was predominant were used to characterize water quality condi-

tions in farmlands, forests, and urban settings. 

Nutrient data are from 15 to 25 samples collected annually

at stream sites draining 105 agricultural, 38 urban and suburban,

and 36 forested areas. Nitrate data were from samples collected at

1,190 wells in agricultural, 601 wells in urban and suburban, and

79 wells in forested areas. These data are summarized at http://

water.usgs.gov/nawqa. Note that the sites labeled “urban” in this

analysis should overlap with the “urban and suburban lands”

defined as the subject of this report (see pp. 181), but, since dif-

ferent definitions were used in the two efforts, this might not

always be the case. 

Information on the drinking water standard for nitrogen can

be found at http://www.epa.gov/safewater/mcl.html#inorganic.

Information on the 1986 phosphorus recommended goal for pre-

venting excess algae growth can be found in EPA 440/5-86-001

(see references). Information on regional nutrient (phosphorus)

criteria can be found at http://www.epa.gov/waterscience/criteria/

nutrient/ecoregions. 

For farmlands, extensive data have been collected from dif-

ferent farming systems at the watershed-level scale, from 1991 to

2000, that will become available shortly through the National

Agricultural Library (http://www.nal.usda.gov/). These data will

allow additional investigations of the effect of land use and specif-

ic farming practices on water quality. 

Data Collection Methodology: All samples were collected and

analyzed by USGS according to the overall NAWQA design

(Gilliom et al. 1995). Stream water samples were collected using

depth and width integrating techniques so that the sample is rep-

resentative of the water flowing past the sampling point (Shelton

1994). Groundwater samples were collected primarily from mon-

itoring wells and low-capacity domestic wells using procedures

that resulted in a sample representative of water in the aquifer

(Lapham et al. 1995). Methods employed for random selection of

well locations for targeted land use are described by Scott (1989)

and Squillace and Price (1996). Methods for sample preservation

and processing can be found in Shelton (1994) for stream samples

and in Koterba et al. (1995) for groundwater samples. Fishman

(1993) and Patton and Truitt (1992) describe analytical methods

used for nutrient constituents. Land use in the watersheds

upstream of stream sampling points or in the vicinity of wells was

characterized according to procedures described in Gilliom and

Thelin (1997) and Koterba (1998), respectively.

Data Analysis: The data are highly aggregated and should be

interpreted mainly as an indication of general national patterns.

The data were collected and analyzed by NAWQA in 36 major

river basins and aquifers distributed across the United States from

1993 to 1998. The watersheds and aquifers studied were selected

to be generally representative of water and land use in each area.

Because this is a national assessment, the percentage of targeted

land use varies across the nation. For example, watersheds domi-

nated by agricultural land varied from 10 to 99% as cropland

and/or pasture; urban and suburban land varied from 6 to 100%;

and forested land ranged from 61 to 100%. Water quality is

affected by both the percentage of land use in a watershed and the

proximity of that land use (as a source of contamination) to

streams and rivers. For example, agricultural or urban/suburban

land uses might exert a dominant influence on a stream or river,

in spite of occupying a small percentage of land cover in the

watershed, if these land uses are located in close proximity to the

river or stream. 

Data Quality/Caveats: Sampling sites were selected to be repre-

sentative of specific land use types rather than locations where

contamination was known or suspected. All samples were collect-

ed, processed, preserved, and analyzed using the same methods.

Nutrient data were reviewed to identify outliers and inconsistent

results by the teams who collected the samples and by a national

team (Mueller 1998). Most data have been published by USGS in

a series of technical reports focusing on specific study areas and in

national summary results (see http://water.usgs.gov/nawqa for a

list of reports).

Data Access: All data used in this document are summarized at

http://water.usgs.gov/nawqa.
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Phosphorus in Farmland Streams

See the technical note for Nitrate in Farmland Streams, p. 232.

Pesticides in Farmland Streams and
Groundwater

See the technical note for the core national contaminants indica-

tor, p. 210. 

Soil Organic Matter 

T h e  I n d i c a t o r
Soil organic matter would be reported as the percentage of organ-

ic matter (dry weight) in the upper soil profile (4–6 inches). The

data would be presented as a percentage of all croplands having

several ranges of percent organic matter, on a national basis and

on a regional basis for the latest year for which data are available.

It should be noted that it may prove difficult to discern trends in

organic matter using the coarse ranges chosen (less than 2%, 2 to

4%, and greater than 4%); an approach addressing change on the

regional or local level may be necessary.

Soil organic matter content in the upper soil profile (4–6

inches) was chosen because human activity, particularly manage-

ment practices, has had its greatest impact here. Soil organic mat-

ter content is related to the cation exchange capacity of the soil,

soil water-holding capacity, nitrogen mineralization rates, and

microbial activity. 

Soil organic matter content is also related to biogeochemical

processes, and the cycling of carbon and nitrogen within the

upper soil profile is related to soil carbon content. Measurement

of changes in the soil organic matter content over time provides a

quantitative assessment of the soil capacity to support crops and

other plant and animal life.

Soil organic matter content is a critical component of soil

structure and is vital to all soil processes. Soil organic matter pro-

vides the chemical and biological basis for soil components (sand,

silt, and clay) to form soil aggregates and is critical in key physical

processes (such as water and gas exchange, penetration resistance,

and compaction). Differences in climate, parent material, and

management history have produced large regional differences in

soil organic matter content. 

In addition, since soil organic matter is about 60% carbon,

the amount of organic matter is a predictor of the amount of car-

bon in soils. Storage of carbon in soils has become important in

international negotiations on the management of greenhouse gas

emissions, as increased carbon storage can be useful in offsetting

emissions of carbon from fuel burning and other sources. In order

to be of use to such negotiations, this indicator would probably

need to measure carbon in the upper 3 feet of soil, not just the

upper 4–6 inches. While this is not the current focus of the indi-

cator, such a presentation would make this indicator analogous to

those in the forest and grasslands and shrublands chapters (pp.

123 and 165).

T h e  D a t a  G a p
U.S. Department of Agriculture soil survey data (contained within

the State Soil Geographic Database [STATSGO] and Soil Survey

Geographic [SSURGO] datasets) provide an initial county-level

estimate of soil organic matter content, but there are no programs

in place to monitor and report soil organic matter content on a

national basis. Universities and other research institutions have

carried out observations of the changes in soil organic matter con-

tent under different management practices, but the results of

these investigations do not provide national coverage. The

STATSGO database is available at http://www.ftw.nrcs.usda.gov/

stat_data.html and SSURGO is available at http://

www.ftw.nrcs.usda.gov/ssur_data.html.
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Soil Erosion

T h e  I n d i c a t o r
This indicator presents the percentage of U.S. cropland (minus

pastures, but including Conservation Reserve Program [CRP]

acreage) in each of three categories of land condition (least prone,

moderately prone, and most prone to erosion), based on both

inherent soil properties and management practices, for 1982,

1992, and 1997, for both wind and water erosion. Also, those

lands most prone to wind and water erosion are mapped.

Soil erosion is affected both by the inherent properties of the

soil, landscape, and region (e.g., slope, soil type, rainfall) and by

management factors that may change more rapidly (specifically,

the use of terracing, wind barriers, and the type, amount, and

duration of vegetative cover). Soils with higher inherent likeli-

hood of eroding and with high vulnerability due to the way they

are managed are likely to erode the most. (Enrollment of these

acres into the CRP, which requires steps toward reducing erosion

(e.g., planting perennial grasses), will lead to improvement of this

indicator.) Conversely, soils with low inherent likelihood of erod-

ing and low vulnerability because of good management are likely

to erode least. 

Categories for this indicator were developed using parame-

ters measured for use in the Universal Soil Loss Equation (USLE)

and Wind Erosion Equation (WEQ). These equations were devel-

oped to predict long-term average erosion based on measure-

ments of the inherent soil and plot features and management and

surface treatment factors. For water erosion (USLE), inherent soil

and plot factors are R, rainfall and runoff; K, soil erodibility; and

L and S, topographic factors related to slope steepness and length

of slope. Management and surface treatment factors included C,

cover management, which essentially measures whether and how

much vegetative cover is left on the soil surface, and P, support

practice factor, which measures whether there are features such as

terraces. The equation form is A (annual soil erosion per unit

area) = C*P*R*K*L*S. For wind, the inherent soil and plot fac-

tors are I, soil erodibility index, and C, climatic factor.

Management and surface treatment factors are K, ridge rough-

ness; L, unsheltered distance along the prevailing wind direction;

and V, vegetative cover. Wind erosion, E (annual soil erosion per

unit area), is a function of I, K, C, L, and V (see references for

more details).

This report uses the underlying principles of these equations

to identify cropland area with combinations of inherent soil prop-

erties and management practices that are likely to erode most and

least. Though inherent soil properties change slowly or not at all,

management practices can significantly reduce erosion. Thus,

reductions in acreage with high propensity to erode result prima-

rily from application of management practices that reduce ero-

sion, including removal of acreage from cultivation, such as CRP. 

Areas with the least susceptibility to both wind and water

erosion (“least prone”) are generally those with a predicted ero-

sion rate of less than 1 ton per acre per year. Areas with the great-

est susceptibility to erosion (“most prone”) are those with a pre-

dicted erosion rate of 3 tons per acre or more. Areas with

moderate susceptibility to erosion have predicted values between

about 1 and 3 tons per acre per year. 

Standard application of both USLE and WEQ uses the equa-

tions to predict total erosion, in tons per acre. In this report, we

have chosen not to take this last step in the process. We do so

because we believe taking this step overstates actual erosion, as

the USLE does not account for deposition, only the initiation of

soil movement. Some soil particles move only very short dis-

tances, and when erosion is reported in units of “tons per acre”

there is a strong implication (and sometimes an explicit state-

ment) that these tons of soil are lost from the farm field.

The WEQ estimates how much eroding soil leaves the down-

wind edge of the field, in tons per acre per year.

T h e  D a t a
Data Source: Acreage estimates for lands in each of the three cat-

egories were developed using data provided by USDA’s Natural

Resources Conservation Service, from the National Resources

Inventory (NRI). For information on NRI methods, applicability

of results, and access to information, see the technical note for

Total Cropland, page 229.

R e f e r e n c e s
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sion by periods using wind energy distribution. Jour. Soil

and Water Conserv. 35(4):173–176.

Skidmore, E.L., and N.P. Woodruff. 1968. Wind erosion forces in
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Woodruff, N.P., and Siddoway, F.H. 1965. A wind erosion equa-
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Soil Salinity

T h e  I n d i c a t o r
This indicator would be reported as the percentage of croplands

nationally having one of three salinity levels (less than 2

decisiemens per meter [dS/M], 2 to 4 dS/m, and greater than 4

dS/M; see below for discussion/description). In addition, the per-

centage of croplands with elevated soil salinity (over 4 dS/m)

would be mapped on a Major Land Resource Area (MLRA) basis.

(MLRAs are aggregations of geographic areas, usually many thou-

sand acres in extent, which are characterized by a particular pat-

tern of soils, climate, water resources, and land use. See

http://www.statlab.iastate.edu/soils/MLRAweb/mlra/ for a discus-

sion and map.) 

Salinization is the process by which salts accumulate in the

soil. Soil salinity hinders the growth of plants by limiting their

ability to take up water. Soluble salts, particularly sodium salts,

may also harm soils by reducing soil structure, tillage properties,

and permeability to water.

Soil salinization is most often associated with irrigated agri-

culture because when water is applied to the land to nourish

crops, much of it is taken up by plants (or evaporating directly

from the soil surface) and is returned to the atmosphere. Since

only pure water evaporates from the soil surface or transpires

from the plant surfaces, the salts are left behind in the soil. Thus,

irrigation has the potential to lead to excess accumulation of salts

in the soil. The occurrence of saline soils, however, is not restrict-

ed to irrigated soils. The same processes of mineral weathering or

dissolution and subsequent concentration because of water evapo-

ration often lead to high salt levels in soils of arid and semiarid

regions. The scarcity of rain that makes these areas arid restricts

the possibility of leaching and thus leads to salt accumulation. A

special case of dryland salinity of particular concern to the north-

ern Great Plains is that of saline seeps. A saline seep occurs when
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water in excess of that required by plants percolates below the

root zone and, upon encountering some type of barrier or

restricting layer, moves laterally downhill and emerges in a seep-

age area, having picked up dissolved salts in transit. Saline seeps

are often encountered where farmers practice a wheat-fallow

rotation; during dry periods, such a rotation may serve to con-

serve some water during the non-cropped period to aid the fol-

lowing crop, but in somewhat wetter years, the precipitation in

excess of that required by plants initiates the process that leads to

a seep. Drainage from saline seeps is estimated to affect about 2.5

million acres in the northern Great Plains.

Soluble salts in soils are measured by determining the electri-

cal conductivity of a saturated paste extract; the units of conduc-

tance are reported as dS/m. Few plants are affected when the

extract conductivity is below 2 dS/m, while some sensitive plants

are affected when values are between 2 and 4 dS/m. Many plants

are affected when values are above 4, and few plants can survive

at values greater than 16 dS/m. Salts are usually most damaging to

young plants, but not necessarily at the time of germination,

although high salt concentrations can slow or inhibit seed germi-

nation. Most plants are least affected by soil salts when in their

mature stages.

Reduced permeability to water is a common problem with

salt-affected soil. Soil porosity becomes gradually altered and

some soils can become completely impermeable. The mechanisms

responsible are swelling of clays, which reduces pore sizes, and

dispersion of the soil, so that aggregates break down, and smaller

mineral and organic particles move with water and begin to fill

smaller pore spaces. Dispersion is the most frequent cause of

reduced infiltration. The measurement that most accurately deter-

mines whether the soil is affected by soluble salts is the exchange-

able sodium percentage, which expresses the portion of the total

exchangeable cations that are sodium. An exchangeable sodium

percentage value equal to or greater than 15 indicates a sodic soil.

T h e  D a t a  G a p
Soil salinity measurements are needed on dominant soils, on crop-

ping patterns, and particularly on water management practices

under both irrigated and non-irrigated conditions in arid and

semiarid regions. Salinity measurements are often included in

routine soil tests. However, there is no unified effort in place to

collect and analyze the results over uniform regions. A program

that can monitor changes over time as a function of soils and

management practices is vitally needed.

Soil salinity measurements should include data on dominant

soils, cropping patterns, and, particularly, water management

practices such as irrigation and drainage. Gathering together the

existing but fragmented data, collecting new data, and analyzing

the results to ensure national coverage require a coordinated

effort. Satellite-based technologies, while promising, are able to

detect only visible salt deposits. Since visible surface salts are

incorporated into the soil by tilling, these approaches may be of

use primarily to complement soil testing. 

Soil Biological Condition 

T h e  I n d i c a t o r  
The Nematode Maturity Index (NMI) is a weighted mean fre-

quency of taxa assigned weights ranging from 1 to 5, with a

smaller weight being assigned to taxa with relative tolerance to

disturbance and a larger weight to taxa that are more sensitive to

disturbance. The index combines both free-living and plant-para-

sitic nematodes but excludes taxa that simply respond ephemeral-

ly to added nutrients. This index can detect differences among

fields in a regional survey more reliably than one that measures

only free-living nematodes (Neher and Campbell 1996). (See ref-

erences for a variety of publications that support the use of soil

organisms, particularly nematodes, as indicators of soil quality.)

This index is based on the principle that different taxa have

different sensitivities to stress or disruption of the successional

sequence because of differences in their life history characteristics.

Because succession may be disrupted at various stages by common

agricultural practices, such as cultivation and applications of fertil-

izer and pesticides, the successional status of a soil community may

reflect the history of disturbance. However, although a disturbance,

such as the addition of animal manure to soil, initially produces a

predominance of nematodes with smaller values, the abundance of

nematodes with large maturity index values soon increases. 

Maturity indices have the strength of responding to a variety

of land management practices across plant species, soil types, and

seasons (Neher et al. 1995). Nematode community structure and

function are known to change in response to land management

practices such as nutrient enrichment through fertilization by

organic or inorganic nitrogen, cultivation, liming, and drainage,

as well as to changes in plant community composition and age

and to toxic substances such as heavy metals, pesticides, and

petroleum products.

T h e  D a t a  G a p
Sampling should be carried out in autumn after cultivation of

fields harvested in the fall; this will minimize within-field sam-

pling variation. Free-living nematode populations are generally at

their peak at this time because crop residues are incorporated into

soil by cultivation and temperatures are moderate. 

Cobb’s sieving and sugar centrifugal-flotation methods are

recommended to optimize recovery of entire nematode communi-

ties from soil (Neher et al. 1995). Neher et al. (1998) suggest that

it is unnecessary to calibrate indices of nematode community

structure at a scale finer than the USDA’s Land Resource Regions. 
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Status of Animal Species in Farmland Areas

T h e  I n d i c a t o r
As discussed on the indicator page, there are multiple approaches to

reporting on animal species in farmland areas. One might be to

report on the status of species that favor those habitats that existed

before farmland was created in an area. Such an approach would,

for example, focus on grassland birds in areas of the Great Plains—

species that inhabited prairies that have now been converted to

farmland. Another approach might be to focus on species that are

able to take advantage of farmland landscapes—many game birds

and small mammals, for example. Both of these approaches would

be useful, but by themselves would be incomplete. 

A more appropriate approach, recommended here, would be

to focus on the full breadth of species that might inhabit farm-

lands. To follow the examples above, this would include both

grassland birds and game birds and small mammals. Such an

approach has been suggested, based on expectations that one

might encounter a variety of birds in different regions of the

nation. An index could be developed based on comparing this

expectation with data on the presence of birds on farmlands in

that region—data that may already be available for a significant

percentage of farmlands (Breeding Bird Survey, http://www.mbr-

pwrc.usgs.gov/bbs/bbs.html; additional information on such an

approach toward determining an index of bird “integrity” can be

found at htpp://landscape.forest.wisc.edu/LandscapeEcology/

Articles/v7i2p137.pdf).

Several reviewers of this report recommended that this indi-

cator focus on domestic animals—their numbers, condition,

diversity, and the like. The Farmlands Work Group determined

that it was appropriate to focus on the status and trends in wild

species as part of this measure (which is intended to describe

ecosystem conditions). A measure describing domestic animals

would have been appropriate as part of the “human use” set of

indicators, but was determined not to be of sufficiently high pri-

ority for inclusion. 

T h e  D a t a  G a p
There are two major national-scale sources of information on

species population status and trends. These include NatureServe’s

compilation of information from state-based Heritage programs,

which provides status information on a global, national, and state

basis (www.natureserve.org) for a large number of species, and the

U.S. Geological Survey’s Breeding Bird Survey (http://www.

mbr-pwrc.usgs.gov/bbs/bbs.html), which provides population trend

information for a large number of resident birds of North America.

Both programs provide information on a geographic scale

that is usually larger than and is not limited to farmlands. Thus, it

is likely that it would be necessary to undertake additional work

to target these data only to farmlands.

Native Vegetation in Areas Dominated
by Croplands

T h e  D a t a  G a p
The technical note for the grasslands/shrublands indicator on

non-native plant cover (see p. 261) describes some of the public

and private efforts under way to determine the extent of non-

native plant cover, which would be useful for inferring the cover-

age of native species.

The technical note for the farmlands extent indicator 

(p. 229) describes sources of information on the extent and loca-

tion of croplands. 

Stream Habitat Quality

This technical note is also for the stream habitat indicator for the

freshwater system. 

T h e  I n d i c a t o r
The habitat quality of streams and rivers is dependent upon the

presence of an appropriate, but changing, mix of habitat features.

Key among these are the presence of riffles and pools, size distri-

bution of streambed sediments and embeddedness (degree to

which larger gravel and cobbles are buried in silt), amount of

large woody debris, and bank stability, although different stream

habitat rating methods may measure additional characteristics.

In addition, habitat quality is a relative value, meaning that it

must be evaluated in relation to the habitat needs of the native

flora and fauna in a region. Therefore, protocols to measure

stream habitat quality generally provide for calibration according

to a regional reference—that is, stream habitat quality is measured

against the values that would be found in a relatively undisturbed

or “natural” reference stream in that region. Finally, all stream

habitat quality measurement protocols measure a variety of

parameters, but not all combine these parameters into a single

overall index. 

Stream habitat quality measurement is an area of significant

current research work. Following are references for four efforts

that have or are developing regional or national protocols for this

purpose.

R e f e r e n c e s
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U.S. Geological Survey. National Water Quality Assessment

Program. Stream habitat monitoring protocol.

http://water.usgs.gov/nawqa/protocols/OFR-93-408/

habit1.html

Major Crop Yields

T h e  D a t a
Data Source: Data for 1950 through 1998 are from the U.S.

Department of Agriculture National Agricultural Statistics Service

(NASS), Historical Track Records, United States Crop Production,

May 2001. The historical data can be located by using the Crop

Production Historical Records link at http://www.usda.gov/nass/

pubs/histdata.htm. Data for 1999 and 2000 are from USDA-

NASS, Agricultural Statistics 2001; http://www.usda.gov/nass/

pubs/agr01/acro01.htm.

Data Collection Methodology: State offices collect and estimate

crop yield data from sample surveys of farmers and their business

associates (farm service agencies, cotton gins, marketing associ-

ates). NASS obtains the yield estimates, which are verified and

analyzed on a national level. Survey data are supplemented by

information from the Census of Agriculture, which is carried out

every 5 years. 

Data Manipulation: Yields, which are generally reported as

bushels per acre for corn, soybeans, and wheat, and as tons per

acre for hay and cotton, were divided by their respective value for

1975. Thus, values above 1.0 indicate higher yields than in 1975,

and values lower than 1.0 indicate lower yields than in 1975.

Data Access: See the Web sites listed under “Data Source.”

Agricultural Inputs and Outputs

T h e  I n d i c a t o r  
This indicator presents ratios of certain major inputs identified

and quantified by the U.S. Department of Agriculture (USDA) to

total agricultural outputs, also as quantified by USDA. The intent

is to report the amount of inputs needed to produce a unit of out-

put, because the quantities of, and tradeoffs between, individual

inputs (such as pesticides and fertilizer) are important. For exam-

ple, if decreasing amounts of fertilizer are required to produce a

unit of output, this has implications for the cost of production

(fertilizer is a significant cost) and for off-farm environmental

impacts (excess fertilizer can contribute to water pollution). 

T h e  D a t a
Data Source: Data came from Agricultural Productivity in the
United States published by USDA’s Economic Research Service

(ERS).

Data Collection Methodology: The output data represent all

agricultural outputs, including animals and animal products (meat

animals, dairy products, poultry, and eggs) and crops (food grains,

feed crops, oilseed crops, sugar crops, cotton and cotton seed,

vegetables and melons, and fruit and tree nuts). Aggregation of

multiple outputs or inputs into a single index often requires

assumptions about the comparability of unlike things––adding

tons of corn to tons of strawberries would be nonsensical. USDA

economists use an approach that involves determining the adjust-

ed price of a given output, which is multiplied by the output

quantity, so that all outputs can be added together into the single

value shown here. ERS developed a similar scheme for adding

inputs together; however, because the focus in this indicator is on

changes in different inputs as well as the overall amount of inputs,

the individual inputs are presented here. The yearly quantity of

each input has been adjusted to some extent by ERS to reflect the

changes in quality. For example, similar results can now be

achieved with smaller quantities of pesticides. Thus, a larger

quantity of less effective pesticide might be treated as equal to a

smaller quantity of a more effective pesticide. The same is true for

the other inputs, such as labor, whose quantities have been quali-

ty-adjusted over time.

Data Manipulation: Each input has been divided by the total

farm output for that year. The data from ERS are all relative to a

given year (1948) and are not reported as actual quantities.

Because the focus of this report is on 1950–2000, we chose the

midpoint (1975) as a more appropriate index year. Because of

this, data (inputs and outputs) were simply divided by the 1975

value. All input data were then divided by the value of total out-

puts for any given year to produce the data shown in the figure.

Data Access: The data are available at http://www.ers.usda.gov/

publications/aib740/; a more detailed version of the data is avail-

able at http://www.ers.usda.gov/data/sdp/view.asp?f=inputs/98003/.

Monetary Value of Agricultural Production

T h e  I n d i c a t o r
The gross value of agricultural production is a measure of the

physical output of major crops and livestock multiplied by price

(in dollars) received by producers. (The values have all been con-

verted to 1999 dollars.)

The geographic distribution of agricultural sales is a measure of

gross sales by crop and livestock producers per square mile. These

data do not reflect payments received by producers through govern-

ment income support, commodity, or conservation programs, nor

do they reflect economic activity associated with food processing

and distribution or off-farm service and supply businesses. 

T h e  D a t a
Data Source: Data on the dollar value of agricultural sales are from

the U.S. Department of Agriculture (USDA) Economic Research

Service (ERS), which reports farm income and farm cash receipts. 

Data for agricultural sales per square mile are from the U.S.

Department of Commerce, Bureau of Economic Analysis (BEA),

Regional Economic Information System branch (http://www.bea.

doc.gov/bea/regional/reis/), which calculates county cash receipts.

Data Collection and Manipulation (Dollar Value of

Agricultural Sales): The USDA National Agricultural Statistics

Service (NASS) conducts national surveys that measure acres

planted and harvested, yields, production, and market prices. The

estimates include cash receipts from the marketing of about 150

crop and livestock commodities. 

ERS uses NASS-published, calendar-year cash receipts for

major livestock and commodity-producing states. ERS develops
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indexes to indicate direction and magnitude of changes in month-

ly sales quantities and multiplies them by NASS-published month-

ly prices. Data for other states are developed in cooperation with

the NASS state offices, which use all available sources, including

informed opinions, often corroborated by data from state survey

programs, producer associations, and the state’s extension service.

California data come from state-conducted surveys. 

ERS adjusts NASS quantity and value of production data for

major crop commodities in major producing states to adjust for

production of feed used on farms for livestock and for

Commodity Credit Corporation sales and to account for the fact

that some sales do not take place in the same year as the crop is

harvested. Data from NASS that cannot be released to the public

because of confidentiality constraints are included in the overall

ERS dataset. 

Data were adjusted for inflation using the Gross Domestic

Product Implicit Price Deflator (IPD) provided by the Economic

Research Service. All data were adjusted to the average level of

prices that existed in 1999. The following formula was used to

convert each figure in the series from current dollars to constant

dollars (available at http://www.owlriver.com/pie.mhsc.org/

DataPages/sd-079.htm).

Data Collection and Manipulation (Agricultural Sales per

Square Mile): The U.S. Department of Commerce’s BEA uses a

variety of data sources to develop county-level estimates of farm

receipts. For 16 major producing states, NASS-affiliated state

offices prepare annual county estimates of farm cash receipts. For

other states, state-level cash receipts estimates produced by NASS

are allocated by BEA to counties in proportion to the correspon-

ding Census of Agriculture data for the relevant year. 

These county-level data were used to produce county-level

estimates of cash receipts per square mile by dividing total cash

receipts by the number of square miles in a county. County area

data are from a standard dataset produced by Environmental

Systems Research Institute, Inc. (ESRI; http://www.esri.com), 

a maker of geographic information system software and data

products. 

Data Access: Data on U.S. national farm cash receipts for

1924–1999 are available online at http://www.ers.usda.gov/data/

farmincome/finfidmu.htm. 

The U.S. county cash receipts data can be requested through

BEA, Regional Economic Information System branch (http://

www.bea.doc.gov/bea/regional/reis/).

Recreation on Farmlands

There is no technical note for this indicator. 

Forests

Forest Area and Ownership 

T h e  D a t a
Data Collection Methodology: The USDA Forest Service’s

Forest Inventory and Analysis (FIA) program authority is mandat-

ed under the Forest and Rangeland Renewable Resources

Research Act of 1978 (PL 95–307). Since the late 1940s, FIA has

used a two-phase sample (generally, double sampling for stratifi-

cation) to collect information on the nation’s forests. Phase one

establishes a large number of samples (more than 4 million,

roughly every 0.6 miles). These are selected using aerial photo-

graphs or other remote-sensing images, which are then interpret-

ed for various forest attributes. Phase two establishes a subset of

approximately 450,000 phase-one points (roughly every 3 miles)

for ground sampling. About 125,000 of these samples are perma-

nently established on forest land. The forest characteristics meas-

ured include ownership, protection status, species composition,

stand age and structure, tree growth, occurrences of mortality and

removals, tree biomass, incidences of pathogens, natural and

human-caused disturbances, and soil descriptors. 

Forest land is any land that is at least 10% stocked by for-

est trees of any size, including land that formerly had such tree

cover and that will be naturally or artificially regenerated. The

minimum area for classification of forest land is 1 acre. For the

forest area and ownership indicator, public forests include those

owned by federal, state, and local governments, as well as other

public entities such as the Tennessee Valley Authority. Private

lands include those owned by individuals, corporations, non-

governmental organizations, and tribes. The Forest Service’s FIA

program derived estimates of historic forest area from a wide

variety of sources. For example, the sources included forest-

clearing data collected during the 1870 and later decennial cen-

suses, limited state and regional surveys, and the expert opinion

of resource professionals.

Data Manipulation: Raw data from the 125,000 field samples

are processed and merged with information from the remote-

sensing phase of the sampling procedure to provide statistically

reliable estimates of area and ownership.

Data Quality/Caveats: FIA surveys provide forest area data with

a reliability of ±3–10% per 1 million acres (67% confidence

limit). This standard applies to all data reported for 1953 and

later. Regional totals generally have errors of less than ±2%. No

error estimate is provided for data from before 1953. Note also

that data collected before 1953 come from a wide variety of

sources (see above). 

Data Access: All data are available free of charge except for

products that require special processing or shipping fees.

Electronic databases are unavailable at the national level prior to

1987, and most regional data from before 1977 are not available

electronically. Forest statistics, online databases, and a map of U.S.

forest distributions are on the Web at http://fia.fs.fed.us. The data

provided here also are available in Smith et al. (2001).

Year Z 
constant 
dollar 
value

(Year Z current dollar value)*(Base year IPD index number)

Year Z IPD index number
=
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Forest Types

Please see the technical note for Forest Area and Ownership (see

p. 239), which also serves as the technical note for the Forest

Types indicator. 

Forest Management Categories

T h e  D a t a
The data for this indicator were collected by the Forest Service’s

Forest Inventory and Analysis (FIA) program, which is described

in the technical note for Forest Area and Ownership (p. 239).

These data do not include information on private lands that are

legally reserved from harvest, such as lands held by private groups

like The Nature Conservancy. In addition, many “natural” and

“semi-natural” lands are at times reserved from harvest because of

administrative or other restrictions.

We hope that, in future reports, it will be possible to report

on the existence of protected or reserved areas on a broader range

of land ownerships. One dataset being developed for this purpose

will report the acreage of lands according to a system of catego-

rizing management intensity developed by the U.S. Geological

Survey Gap Analysis Program (see http://www.gap.uidaho.edu/

handbook/Stewardship/default.htm). This database is currently

under development by the Conservation Biology Institute in con-

junction with the USDA Forest Service; see http://

www.consbio.org/cbi/what/pad.htm.

Note that “interior Alaska” includes all forests except the

Southeast Coast area up to and including the Kenai Peninsula.

Thus, “interior” includes areas that may not be thought of as part

of Alaska’s interior, yet they are included because of their remote-

ness. The acreage shown here for interior Alaska (about 113 mil-

lion acres) does not include the Tongas National Forest (about 12

million acres). Note also that there is an apparent drop in interior

Alaska acres in 1997; however, the 2-million-acre decrease came

about from a reclassification, not a true loss of forest. 

Forest Pattern and Fragmentation

T h e  I n d i c a t o r
As a means of illustrating the amount of forest providing different

degrees of distance from non-forest cover, this indicator provides

information on the percentage of forest surrounded by small,

medium, and larger “neighborhoods” (defined below) containing

at least 90% forest. 

The “percentage of forest” that meets a certain set of criteria

is calculated by determining what fraction of “pixels” (squares of

forest 30 meters, or about 100 feet, on a side) is in the center of a

“window” that meets the criteria. Thus, the percentage of forest

that has 90% or more forest cover within a radius of about 250

feet (the “immediate neighborhood,” about 5 acres) is determined

by counting the number of pixels that are in the center of a 5-acre

window that contains at least 90% forest. 

T h e  D a t a
Data Source/Collection Methodology: Data for this indicator

were prepared by Kurt Riitters, USDA Forest Service (see http://

www.srs.fs.fed.us/4803/landscapes/). The data are based on the

National Land Cover Dataset, which is described in more detail in

the technical note for the national extent indicator, p. 207). This

is a 30-meter resolution remote-sensing-based dataset that pro-

vides, among other things, forest/non-forest cover information for

the lower 48 states. The unit of data is the pixel, which is a square

approximately 30 meters on a side. 

Data Manipulation: The data presented here are from a “mov-

ing window” analysis. In this approach, the algorithm describes

many successive, overlapping “windows” of a certain size, making

it possible to characterize the area surrounding each individual

forest pixel, in addition to knowing its forest/non-forest status. As

the window “moves” across the dataset, each pixel is used as the

center of a window; thus, it is possible to determine how many

forest pixels are surrounded by different amounts of forest.

Five window sizes were used for this analysis but only three

are reported here. The three reported sizes are 2.25 hectares,

referred to here as the “immediate neighborhood,” 5 acres, or

“within a radius of about 250 feet”; 65.61 hectares, referred to

here as the “local neighborhood,” 160 acres, or “with a radius of

about one-quarter mile”; and 5314. 41 hectares, referred to here

as the “larger neighborhood,” 13,000 acres, or “within a radius of

about one and a half miles.” These sizes correspond to 25 pixels

(a square of 5 x 5 pixels); 729 pixels (a square of 27 x 27 pixels)

and 59,049 pixels (a square of 243 x 243 pixels). The other two

window sizes were 7.29 hectares and 590.5 hectares. (Note: This

analysis uses a square window, since each remote sensing pixel is

square. Thus, the page text description of the “radius” of the

“neighborhood” is an approximation to make the presentation

clearer to a non-technical audience, and is written as if the win-

dow were round.)

The analysis on which the data presented here was based

determines, for each pixel and window size, whether it is surround-

ed by at least 60% forest, at least 90% forest, or exactly 100% for-

est. For this report, the 90% criterion was chosen. The 90% criteri-

T e c h n i c a l  N o t e s

The State of the Nation’s Ecosystems: Technical Notes240

2.3

7.3

66

590

5310

51.0

32.7

7.1

0.2

0.0

*64.1

55.7

*44.0

33.1

*22.4

85.4

83.3

78.5

75.0

70.5

59.0

40.7

11.1

0.9

0.0

*70.7

62.4

*48.2

34.8

*25.1

88.6

86.3

80.0

75.2

72.6

56.5

38.2

9.9

0.7

0.0

68.7

60.4

46.9

34.3

24.2

87.6

85.4

79.6

75.1

71.9

West East East & West
Window area 
(hectares) % core % interior % connected % core % interior % connected % core % interior % connected

Table 3. Degrees of Forest Cover for Different “Window” Sizes



on was selected based on considerations of data quality and previ-

ous experience with this analytical approach. The alternate inter-

pretations, along with a detailed description of the methodology,

are described in detail in K.H. Riitters et al. (submitted).

Table 3 presents the results of the full analysis, including all

window sizes and all three degrees of forest cover. As in the origi-

nal publication, the table uses the term “core” to refer to areas

surrounded by 100% forest cover for the indicated window size,

“interior” to refer to areas surrounded by at least 90% forest

cover for the indicated window size, and “connected” for areas

surrounded by at least 60% forest cover for the indicated window

size. Data presented in the body of the report are indicated with

an asterisk.

The satellite remote-sensing data presented here can, in 

theory, distinguish non-forest areas as small as 100 feet on a side

(10,000 square feet) from adjacent forest pixels. In practice, the

accuracy of doing this depends on the contrast between forest and

non-forest land cover, which is, in general, quite good. In addition,

geometry plays an important role in distinguishing non-forest land

cover. For example, a clearing that fills several 100-foot by 100-

foot pixels would probably be more easily detected than a winding

road that may fill some pixels and only partially fill others. 

For further reading on habitat fragmentation, see other relat-

ed indicators in this document and also Noss and Csuti (1997)

and Wilcove et al. (1986).
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Nitrate in Forest Streams

See the technical note for Nitrate in Farmland Streams, p. 232. 

Carbon Storage

T h e  I n d i c a t o r  
Metric tons of carbon are measured for the following compo-

nents: biomass (total live tree material above ground plus coarse

roots—“trees” in the figure), soil (soil organic matter), and dead

plant material and coarse woody debris on the forest floor (forest

floor litter). The weight of organic materials in plants is approxi-

mately 50% carbon. 

Determining the amount of carbon stored in a forest can

change dramatically within a few days, such as following a fire or

timber harvest. Such fluctuations are natural in most forests and

do not provide a useful indication of forest condition. Carbon lost

during long-term agricultural use of soils can be restored by refor-

estation. In fact, the steady increase of carbon stored in eastern

forests is a reflection of the re-establishment of forests on aban-

doned agricultural lands. 

Carbon storage does not necessarily end when harvest

occurs. Some wood products are used in long-term applications

such as housing. Other products (e.g., newspapers) may end up in

landfills, thus storing carbon for long periods of time. Landfills

also generate methane (a carbon-rich greenhouse gas), so they

both store and release carbon.

T h e  D a t a
Data Sources: The information presented here is from the USDA

Forest Service Forest Inventory and Analysis (FIA) program (see

p. 239) and is based on field estimates of the size of trees of vari-

ous species, along with statistical models of the relationships

between tree stem volume and the other components of carbon

storage. Carbon contained in branches, leaves, the forest floor,

and soil are estimated from, and are therefore less precise than,

data for harvestable wood. Although extensive, the field measure-

ments used as the basis for this indicator do not include national

parks and wilderness areas or slower-growing forests. Expansion

to these areas is currently planned.

Data Collection Methodology and Data Manipulation:

Carbon storage is estimated by the FIA program using on-the-

ground measurements of tree trunk size from many forest sites

and statistical models that show the relationship between trunk

size and the weight of branches, leaves, coarse roots (>0.1 inch in

diameter), and forest floor litter. Such data are combined with

estimates of forest land area obtained from aerial photographs

and satellite imagery. Forest floor litter includes all dead organic

matter above the mineral soil horizons, including litter, humus,

small twigs, and coarse woody debris (branches and logs greater

than 1.0 inches in diameter lying on the forest floor). Data for

Alaska and Hawaii are not included in this data series. Note that

there are 1.1 English tons per metric ton. In most international

discussions, carbon storage is reported in metric tons. 

Data Access: Data for 1950 through 1987 are from Birdsey

(1996), and data for 1992 are from Birdsey and Heath (1995).

Additional information about carbon storage in forests can be

obtained at http://www.fs.fed.us/ne/global/research/carbon/

forcarb.html.

T h e  D a t a  G a p
Data on soil carbon are scarce, and the influences of management

activities on soil carbon are still poorly known. More intensive

measurements of soil carbon are planned by both the Forest Service

and the USDA Natural Resources Conservation Service (NRCS). 

Some forests have not yet been fully inventoried, notably in

parts of Alaska and for pinyon-juniper forests throughout the

western United States. Where data were available, they were

employed in the estimation process; where data were not avail-

able, assumptions were used. Data on these areas are now being

collected and will be incorporated into future estimates. 

Estimates of carbon storage in the soil and forest floor litter

were developed using models based on data from specific forest

ecosystem studies. There are no inventories specifically designed

to estimate carbon storage over large regions in ecosystem com-

ponents other than wood, although the Forest Service and the

NRCS are currently testing protocols for measuring total carbon

in a forest ecosystem. Measurement protocols for forest floor lit-

ter and soil carbon are being developed and are being implement-

ed as funds become available.
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The amount of product in landfills is based on studies con-

ducted by the Forest Service Forest Products Laboratory and

other sources. The Forest Service developed conversion factors to

translate products in use and materials in landfills to carbon-

equivalents. These conversion models account for all steps in the

transformation of cut timber into products and through use to

disposal. The models are run separately for each region of the

United States and for different kinds of harvest (e.g., pulpwood,

sawtimber). More information on these models can be found in

Row and Phelps (1991).
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At-Risk Native Forest Species

See the technical note for the core national at-risk species indica-

tor (p. 214).

Non-native Plants

T h e  I n d i c a t o r
The term “non-native” generally refers to species found in the

United States whose native range is outside North America. More

recently, this term has also been applied to species that are native

to North America, but which are now found outside their historic

range. Other terms for non-native species include “alien,” “non-

indigenous,” or “introduced.” The term “invasive” is also applied

to many non-native species; invasive species spread aggressively

into areas occupied by native species. Clearly, not all non-native

species are invasive; nor are all invasive species from outside

North America. 

This indicator will report total area covered by non-native

species. In some cases, the total area covered by any single species

may be relatively low, but total area covered by all non-natives

may be larger. 

A useful introduction to the issue of non-native species can

be found in the Office of Technology Assessment publication

Harmful Non-Indigenous Species in the United States (1993;

http://www.wws.princeton.edu/~ota/disk1/1993/9325_n.html). 

A more recent, policy-oriented view of non-native species

issues can be found in the Congressional Research Service report

Harmful Non-Native Species: Issues for Congress (1999; http://

cnie.org/NLE/CRSreports/Biodiversity/biodv-26.cfm). 

Two state-based surveys of the kinds of non-native species

and their impacts and controls can be found at http://

www.ct.nrcs.usda.gov/landscp/invasive/problems.htm (Connecticut)

and http://www.mdflora.org/publications/invasives.htm

(Maryland).

Forest Age

T h e  I n d i c a t o r
It is important to note that the age of a tree does not necessarily

convey information about the size of the tree. Fast-growing species

attain sizes comparable to much older trees of another species, and

trees of the same species and age growing in different locations

may be very different in size. In addition, processes such as forest

fires and hurricanes can act to limit the age of trees in a region

(e.g., hurricanes are more prominent in the eastern United States).

T h e  D a t a
This indicator presents data for a subset of all forests in the

United States––those defined by the USDA Forest Service as “tim-

berlands.” Timberlands is a designation that covers lands on

which harvesting is not prohibited by law and which grow an

average of 20 cubic feet of wood per acre per year. Thus, the data

presented here do not include national parks and wilderness areas

and other natural and semi-natural forestland not classified as

timberlands and thus not included in previous inventories. As a

result, these data describe nearly all eastern forests, but only

about 40% of western forests. Data on slow-growing forests and

those in parks and wilderness areas are being collected, but they

are not yet available.

Data Source: Data for this indicator were collected by the USDA

Forest Service Forest Inventory and Analysis (FIA) program,

which is described in the Forest Area and Ownership technical

note (p. 239).

Data Collection Methodology: The age of a stand of trees is a

classification based on the mean age of trees with dominant or

codominant crown positions in the stand. Dominant/codominant

crowns are those tree crowns dominating or sharing space in the

upper layer of the tree canopy. The age of these trees is generally

determined using tree cores from which annual growth incre-

ments were counted.

Forest Disturbance: Fire, Insects, and Disease 

T h e  D a t a
Data Source: Data reported here are from the USDA Forest

Service Forest Health Monitoring (FHM) program. FHM, a com-

ponent of the Forest Service’s Forest Health Protection program,

is a national program designed to determine the status, changes,

and trends in indicators of forest condition on an annual basis.

The program uses data from ground plots and surveys, aerial sur-

veys, and other data sources and develops analytical approaches.

See http://www.na.fs.fed.us/spfo/fhm/index.htm. 

Data on forest fire acreage in national forests (referenced in

text) was included in the 1999 Heinz Center prototype for this

report (Heinz, 1999), and is from the General Accounting Office

(GAO, 1999). 
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Data on acreage affected by diseases/parasites were obtained

from “Forest Insect and Disease Conditions in the United States”

for the years 1999, 1998, and 1997 (available at http://

www.fs.fed.us/foresthealth/annual_i_d_conditions/index.html).

These reports provide data on recent (i.e., past 5 years) acreage

affected by the five major insects reported here. Data on historical

acreage affected by these insects were provided by the Forest

Inventory and Analysis program. 

Insect data are collected using aerial surveys, implemented

using a nationally standardized program, addressing both public

and private forests. Disease data are collected using ground sur-

veys and are considered to be less reliable. 

Forest fire data were provided by the USDA Forest Service

National Forest System, but are not limited to national forests.

These data do not presently distinguish between forest fires and

fires on other land cover types. 
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Fire Frequency 
Note: This serves as the technical note for the Grassland/

Shrubland fire frequency indicator.

T h e  D a t a
The USDA Forest Service has an active program of research into

fire and fuels management, including development of tools for

assessing fire risk due to changes in fire frequency. In particular,

the Fire Regimes for Fuels Management and Fire Use project,

which began in 1997, involves mapping and characterization of

presettlement natural fire regimes and current vegetation condi-

tions and development of an index of departure for use in nation-

al-level fire management planning. 

As part of this program, the Forest Service has developed

estimates of presettlement fire frequency, using biophysical infor-

mation, preexisting remote-sensing products, and expert knowl-

edge about disturbance and successional processes and developed

stylized successional pathways for unique combinations of preset-

tlement fire regime and potential natural vegetation. These esti-

mates can be found at http://www.fs.fed.us/fire/fuelman/

firereg.htm.

Additional information on this procedure may be found in

Schmidt et al. (in press).

However, current fire return intervals, based on tree ring

scars and similar site measurements, have not been determined for

the majority of the United States. The research project described

above has developed estimates of fire return intervals by inference

from existing vegetation. Essentially this involves assumptions

about the fire return interval required to permit a certain vegeta-

tion type to develop. While these are valuable estimates, they are

based on a significant amount of expert knowledge and modeling,

rather than being relatively direct measurements of fire return fre-

quency, and thus were not appropriate for inclusion in this report. 
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Forest Community Types with Significantly
Reduced Area

T h e  I n d i c a t o r
Rarity of species and ecosystems is a common conservation crite-

rion, but in measuring risk, rarity may be less relevant than extent

of historical decline or potential for further decline. Many rare

species and communities have apparently always been rare and

may not be highly vulnerable to extinction. On the other hand, a

major decline in a once-dominant or widespread species or

ecosystem type may have ecological consequences far more severe

than the loss of the last few individuals of a chronically rare

species or the loss of a plant community that never covered more

than a small area. 

This indicator will be based on an identification of forest

community types that occupy at least 70% fewer acres than at

presettlement. Note that the “forest community types” described

in this indicator are more specific than the groupings described in

Forest Types, p. 118. The “forest types” reported in that indicator

are broad classifications, each of which would include many “for-

est community types.”

The indicator will report the number of these community types

and the present acreage of the suite of significantly reduced commu-

nity types. It will also report the change in area of these community

types from one reporting period to the next, allowing readers to

understand whether reductions in the area of these already-reduced

types is continuing or has been stopped or reversed. 

Note that use of a presettlement baseline is not intended to

imply that forest community types were “pristine” or completely

unaffected by human activity. It is clear that Indians exerted influ-

ence over the presettlement landscape, although the extent of that

influence is currently under debate and is likely to have differed
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by region. The use of a presettlement baseline is also not intended

to serve as a goal for action or policy. It is rather intended as a rel-

atively long-term reference point, against which to compare cur-

rent conditions. 

A recent review of threats to imperiled species in the United

States found that 85% of all imperiled species were threatened by

habitat degradation or loss (including 92% of vertebrates, 87% of

invertebrates, and 81% of plants) (Wilcove et al. 1998). A sepa-

rate study tallied species that were listed or were candidates for

listing under the Endangered Species Act (ESA) for three major

endangered ecosystems. As an example, in 1993 the longleaf

pine–wiregrass ecosystem, which has declined by nearly 99%

since presettlement times, contained 27 ESA-listed species and 99

species that were candidates or proposed for listing under ESA

(Noss et al. 1995). 

Forest community types for this indicator are defined at the

“alliance” level of the National Vegetation Classification System

(Grossman et al. 1998). An alliance is a group of plant associations

that share a similar architecture and one or more diagnostic

species, which are generally the dominants in the primary canopy.

In some cases, aggregations of ecologically related alliances may be

tracked. The alliance level of classification is roughly equivalent to

“covertype” as defined by the Society of American Foresters. 

Ecosystems can decline in area through outright conversion

to another land cover or through gradual changes, like those that

accompany fire suppression, which allows other species to take

over a forest. For this indicator, as long as an area has the charac-

teristics of a specific forest community type, it would be counted

as part of that type. If, for example, significant vegetation changes

occurred as a result of fire suppression, the forest may eventually

be classified as a different type. 

T h e  D a t a  G a p
The Association for Biodiversity Information and the USDA

Forest Service Forest Inventory and Analysis (FIA) program are

collaborating on development of methods that would allow esti-

mation of the area of alliances (or in certain cases, aggregations of

alliances) from existing FIA data. This would provide a recent his-

torical perspective on changes in alliance area, and would allow

the area of these community types to be tracked in the future. 

Many scientists recognize the value of developing a national

map of presettlement vegetation at the alliance or comparable

level to provide a more quantitative basis for the assessment of

forest cover change. A preliminary approach to this analysis could

be done by crosswalking alliances to the Kuchler Potential Natural

Vegetation types (Kuchler 1964). The Association for Biodiversity

Information is seeking funding to complete this work.

Specific data in the indicator writeup are from sources as fol-

lows. Data on redwood acreage and Great Lakes pine forest are

from Klopatek et al. 1979 and Powell et al. 1993. It is important

to note that other estimates exist for the reduction in acreage of

redwood (see Noss 1995) and Great Lakes pine forest (see Frelich

1995). Data on oak savanna are from Nuzzo 1986. 
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Timber Harvest 

T h e  I n d i c a t o r
Sawlogs are logs that are at least 8 feet long, with minimum

defects or bends, and that are at least 6 inches in diameter (meas-

ured inside the bark) for softwoods and 8 inches for hardwoods.

Pulpwood includes trees, chips, or logging residues used to pro-

duce wood pulp, from which products such as paper are made.

Fuelwood is cut as a source of energy and is used primarily for

residential firewood. Veneer logs are trees from which veneer is

sliced for plywood and other veneer products. Logging
residues/other describes parts of trees that are cut or otherwise

killed in the harvesting process (e.g., for road building), but that

are not removed to make products. Other products is a miscella-

neous category of products from trees, including pilings, poles,

shingles, and charcoal. 

T h e  D a t a
The data presented in this indicator are not directly comparable

with the data presented in the growth and harvest indicator,

because that indicator reports only the volume of “growing

stock,” an inventory category that excludes certain trees and parts

of trees.

Data Source: Data on forest products and their source were col-

lected by the USDA Forest Service Forest Inventory and Analysis

(FIA) program and the Forest Service Forest Products Laboratory,

which also supplements these data with information from U.S.

Department of Commerce published reports and industry trade

association sources. 

Data Collection Methodology: The FIA collects data through a

large-scale field sampling program, described in the technical note

on forest area and ownership (p. 239). Also included here are

data from periodic Forest Service wood facility surveys, residen-
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tial fuelwood surveys, studies of active logging operations, and

field inventories of harvested trees. 

Data Manipulation: FIA field data are used to estimate harvest

distributions by ownership based on trees harvested for products.

The Forest Service Forest Products Laboratory also conducts uti-

lization studies on active logging operations to estimate wood

usage for products and residues left in the woods. These data are

merged with log receipt data from wood-using facilities to pro-

duce estimates of timber and other material cut to deliver those

logs to the facility. Ancillary data from the Department of

Commerce on wood use and industry association data are used to

validate information on the volume of trees cut annually to pro-

duce primary wood products such as sawlogs, pulpwood, veneer

logs, fuelwood, and other wood products.

Data Quality /Caveats: Non-fuelwood product totals shown

would generally have errors of less than ±10 percent. Data are

from FIA wood facility surveys, which are full industry canvasses

and are thus assumed to have negligible sampling error. Periodic

residential fuelwood studies generally have errors of ±15%.

These data are not directly comparable with the data pre-

sented in the “Growth and Harvest” indicator, because that indi-

cator reports only the volume of “growing stock,” an inventory

category that excludes “trees of poor form or quality and the

upper central stem” (U.S. Department of Agriculture definition).

Data Access: All data are available free of charge, except for

products that require special processing or shipping fees.

Electronic databases are unavailable at the national level before

1987, and most regional data from before 1977 are not available

electronically. Forest statistics, online databases, and a map of U.S.

forest distributions are on the Web at http://fia.fs.fed.us. Forest

Products Laboratory data synthesizing Department of Commerce

and industry trade association data are available at http://

www.fpl.fs.fed.us. Additional data on wood products use may be

found at http://www.fpl.fs.fed.us/.

Timber Growth and Harvest

T h e  I n d i c a t o r  
Definitions for the terms “growth,” “harvest,” and “timberlands,”

as used in this indicator, are those used by the USDA Forest

Service. Growth is the net annual increase in the volume of living

tree stems between inventories after accounting for effects of

mortality but before accounting for the effects of harvest. Harvest

is a measure of the average annual volume of living trees harvest-

ed between inventories. Timberland is the subset of forest land on

which harvesting is not prohibited by law and potential wood

growth rates are greater than 20 cubic feet per acre per year.

Growth is a rough measure of the rate at which forests are con-

verting solar energy into tree biomass. Comparing growth with

harvest is a frequently used method of assessing whether wood

harvesting is reducing the volume of tree biomass in a forest. 

T h e  D a t a
The data presented in this indicator are not directly comparable

with the data presented in the timber harvest indicator, because

the data presented here report only the volume of “growing

stock,” an inventory category that excludes certain trees and parts

of trees (these data—defined below—are used for both the

growth and harvest categories presented here). The harvest data

presented in Timber Harvest (p. 130) encompass a broader suite

of timber products, including “growing stock” and other harvest-

ed materials. 

Data Source: Data for this indicator were collected under the

USDA Forest Service Forest Inventory and Analysis (FIA) pro-

gram, which is described on page 239. FIA data are from national

compilations of periodic statewide survey data. 

Data Quality/Caveats: The data for this indicator are limited to

“growing stock” trees. Growing stock is a Forest Service invento-

ry category that includes live trees of commercial species meeting

specified standards of quality or vigor. When used in calculating

volume, this category includes only trees 5.0 inches d.b.h. (“diam-

eter at breast height” a common measurement of tree size) and

larger, and which have no obvious characteristics that would

make them unusable for industrial use (e.g., rot, unusual shape).

In addition, volume is computed for the central stem from a

1-foot stump to a minimum 4-inch top diameter outside bark, or

to the point where the central stem breaks into limbs.

Noncommercial species are species that normally do not develop

into trees suitable for industrial wood products. Since many forest

products are made from trees and parts of trees that are not

counted as “growing stock” for this indicator, the amounts and

trends shown here may differ from those shown in the harvest

and use indicator. 

This indicator does not provide data on the species, age,

quality, or other attributes of the trees being harvested or of trees

whose growth is measured. General trends in growth and harvest

in the East and West do not reflect some important trends that are

occurring at smaller scales. Factors influencing trends in growth

and removals vary substantially among and within regions.

Subregions where growth/harvest ratios are similar today may

have very different growth/harvest ratios in the future. In the

West, growth/harvest ratio on timberland may be a poor indicator

of change in forest biomass because timberland accounts for only

40% of total forest area in the region. These data exclude forest

areas in parks and wilderness, where timber harvesting is prohib-

ited, as well as slow-growing forests.

Current inventory practices limit the data shown here to the

main trunk of trees of a certain size, shape, and species.

Therefore, the data presented are not directly comparable with

the figures presented for Timber Harvest and Use, which account

for products made from all parts of all species of trees. 

Because this indicator does not include information on

growth in slow-growing forests and those in parks and wilderness,

which make up 60% of western forests, it may not reflect signifi-

cant changes in forest growth in that region. 

Data Access: see the technical note for Forest Area and

Ownership (p. 239); additional data for this indicator were 

taken from the publications listed in the references.
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Recreation in Forests

There is no technical note for this indicator.

Fresh Waters

Extent of Freshwater Ecosystems

T h e  D a t a
Wetlands, Lakes, Reservoirs, and Ponds

Data Source: Data for wetlands are from Dahl (2000). Data used

here are from Figure 35 (p. 56) and Figure 42 A–C (p. 62). Data

for lakes, reservoirs, and ponds come from Dahl (2000) and also

from Frayer et al. (1983); Dahl and Johnson (1991); and unpub-

lished data from the U.S. Fish and Wildlife Service.

Data Collection Methodology/Definitions: The data shown

here are derived from the U.S. Fish and Wildlife Service’s

National Wetlands Inventory (NWI), which produces periodic

reports of changes in wetland area. For this report, decadal esti-

mates are presented as the midpoint of the decade. For example,

“1980s” data are presented as “1985.” The historic estimate for

1780 is based on the estimate of 221 million acres of coastal and

freshwater wetlands at that time (see Dahl 1990) minus an esti-

mate of 10 million acres of coastal wetlands in 1922, which

should approximate the historical area of coastal wetlands

because most of these were converted to other land cover types

after World War II (see Gosselink and Baumann 1980). Estimates

of wetland extent in the 1780s are based on colonial or state his-

torical records plus land use records, drainage statistics, and infor-

mation on the extent of hydric soils (i.e., drained and undrained).

NWI counts all wetlands, lakes, reservoirs, and ponds,

regardless of land ownership, but recognizes only wetlands that

are at least 3 acres, and ponds that are at least 1 acre. A perma-

nent study design is used, based initially on stratification of the 48

conterminous states by state boundaries and 35 physiographic

subdivisions. Within these subdivisions are 4375 randomly select-

ed 4-mi2 (2,560-acre) sample plots. These plots were examined

with the use of aerial imagery of varying scale and type; most

images were 1:40,000-scale, color infrared, from the National

Aerial Photography Program. 

The wetland types selected for reporting here were recom-

mended as the most relevant and most reliable for long-term

reporting by the NWI (see Dahl 2000, p. 62). For wetlands, they

include forested, shrub, and emergent wetlands. Ponds include

the category of open-water ponds and non-vegetated palustrine

wetlands (i.e., palustrine unconsolidated shore, which are mud

flats and the shorelines of ponds); ponds are generally less than 6

feet (2 m) deep and less than 20 acres in size. Lakes and reservoirs

are generally larger than 20 acres and deeper than 6 feet,

although smaller bodies are included if they are deeper than 6 feet

or have a wave-formed or bedrock shoreline.

Data Quality/Caveats: Field verification was conducted to

address questions of image interpretation, land use coding, and

attribution of wetland gains or losses, and plot delineations were

completed. For example, for the 1980s-to-1990s analysis, 21% of

the sample plots were verified.

Ephemeral wetlands and effectively drained palustrine wet-

lands observed in farm production are not recognized as a wet-

land type and are not included. Wetlands that are farmed during

dry years but that normally support hydrophytic vegetation were

classified as freshwater emergent wetlands.

The U.S. Geological Survey’s (USGS) National Hydrography

Dataset (NHD) also has information on lake, reservoir, and pond

area (at least 6 acres in size). Considerably higher total acreage

(26.8 million acres) is found using this resource. NWI was used

because time trends are possible; the cause of the disparity

between datasets is not known.

Data Access: The Status and Trend of Wetlands in the
Conterminous United States 1986 to 1997 is available on the Web

at http://wetlands.fws.gov/bha/SandT/SandTReport.html.

Riparian Areas

Note: This indicator uses a distance of roughly 100 feet from the

edge of a stream to define its “riparian” area. This is based on the

availability of remote-sensing data, as described below. We are

cognizant that the definition of riparian areas is a complex one,

and that no single value for the width of this feature will be

appropriate in all situations. 

Data Source: Data reported here for the classification of riparian

areas along streams and rivers were provided by the U.S.

Environmental Protection Agency’s National Exposure Research

Laboratory, Environmental Sciences Division, and are based on

the NHD. The NHD is a comprehensive set of digital spatial data

that encodes information about naturally occurring and con-

structed bodies of water (see http://nhd.usgs.gov/). The NHD was

developed based on EPA’s River Reach File 3 (RF3), which itself

was based on digitization of streams from USGS topographic

quadrangle maps. The dataset does not provide information on

very small streams, and the lower limit of stream size that is

reported in the database is unclear. Data on the vegetation cover

within 100 feet of streams and rivers were produced by EPA from

remote-sensing imagery and the NHD. The remote-sensing

imagery is from the National Land Cover Dataset (NLCD; see the

technical note for the national extent indicator for further details,

p. 207).

Data Manipulation: For this study, EPA combined these datasets

to identify the land cover along streams and rivers (and the shores

of ponds, lakes, and reservoirs—see the altered freshwater ecosys-

tems indicator). For each stream reach described in the NHD, land

cover was characterized, using the NLCD, in a band approximate-

ly 100 feet wide on either side of the stream. NLCD land cover

classes were aggregated to produce four general categories (forest-

ed; agricultural; urban; and grasslands, shrublands, and woody

and emergent wetlands). In one instance, the text describes this lat-

ter category as “other natural vegetation,” despite the fact that

some of these land cover types may not be the historical (i.e., natu-
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ral) vegetation for that site, or may have been altered in other

ways. This terminology is used to highlight the contrast with the

highly altered land covers (urban, agricultural). Estimates of the

riparian area in each of these different land cover classifications

were derived by overlaying stream reaches and land cover.

Data Caveats/Limitations: The NLCD and the NHD are cur-

rently the most comprehensive datasets available for land cover

and freshwater resources, respectively. However, both of these

contain inaccuracies that could affect the calculations presented

here. The NLCD is known to contain approximately 20% error

in land cover classification; some of the known misclassifications

that occur randomly in the dataset include suburban areas or tree

farms classified as forest; grasslands classified as agriculture, or

vice versa; and fallow agricultural fields classified as barren lands.

The NHD is a relatively new dataset and is known to contain

numerous errors and inconsistencies. Strahler first- and second-

order streams (a method for ranking stream order, which is relat-

ed to size) are poorly represented in the NHD as well as in the

RF3 that serve as the base data. It appears that dry lake beds in

the west may have occasionally been included as lakes in the

NHD. Additionally, the architecture of the NHD results in some

lakes being represented by numerous polygons with different

identifications, thus being counted as separate lakes in this analy-

sis. Numerous inconsistencies exist in the NHD attribute data.

The designation of stream segments as perennial or intermittent is

particularly problematic; in at least one case, this designation can

be shown to follow USGS topographic quadrangle boundaries. In

addition, many errors can be found in the attribution of ponds,

lakes, and reservoirs. Although these inconsistencies were noted,

it was not possible given the scope and scale of this analysis to

provide across-the-board corrections, nor was it possible to coreg-

ister the datasets for all locations. Therefore, the most current

versions of both datasets were used as is.

T h e  D a t a  G a p
Information on the number of small, medium, and large streams

and rivers is not available. In general, the number of stream miles

can be derived from sources such as the NHD; however, there is

no universally accepted approach for categorizing streams and

rivers based on size (i.e., small, medium, and large). Potential

approaches include basing categories on flow rate, drainage area

size, or stream order. USGS will soon incorporate a tool within

the NHD dataset to allow determination of stream order, which

can be determined from maps. Flow rate is a much more difficult

parameter to determine.

In addition, there is concern that use of the NHD may under-

state the extent of small streams. Since the NHD is based upon his-

toric mapping conducted for the USGS, there may be inconsisten-

cies in the degree to which small streams were mapped. Since the

rate of conversion and alteration of small streams is believed to be

higher than for larger streams, it is important to ensure as great a

coverage of small streams as is feasible. 

For a discussion of the effects of human activities on small

streams, see Meyer and Wallace (2001). 
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Altered Freshwater Ecosystems

T h e  I n d i c a t o r
This indicator would report the percentage of each of the major

freshwater ecosystems (rivers and streams, riparian areas, wet-

lands, and lakes, ponds, and reservoirs) that are altered. “Altered”

is defined differently for each of the following: 

• Rivers and streams (all flowing surface waters) are altered

if they are leveed, channelized, or impounded behind a

dam. There are other types of alterations to streams that

may be important; these include changes in sedimentation

and temperature, and barriers to movement between

stream reaches. Such changes can be caused by dams or

other alterations to the river or its surroundings. As moni-

toring and reporting technology and understanding evolve,

it may be possible to report on these and other alterations.

At present, identifying such changes requires detailed site-

specific analyses, which have not been done on a wide-

spread basis (see also The Heinz Center 2002). Both the

stream habitat quality and changing stream flows indica-

tors provide important complementary information on

stream conditions. 

• Riparian areas along rivers and streams are considered

altered if they have a predominance of urban or agricultur-

al land use.

• Lakes and ponds are considered altered if the area immedi-

ately adjacent to the shoreline has land cover that is pre-

dominantly urban or agricultural. Since there is no agreed-

upon proportion of shoreline that must be in these land

use categories in order for individual lakes to be classified

as “altered,” this indicator reports the overall percentage

of lake shoreline in agricultural or urban use. This indica-

tor focuses on “natural” waterbodies, that is, those that are

not created by impoundment behind a dam. While reser-

voirs provide habitat, the prevalence of large and frequent

fluctuations and associated poor development of the ripari-

an/littoral zone reduces this value. In this case, the number

or percentage of natural lakes whose waterflow has been

altered by damming would also be reported. Some
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impounded lakes are not subject to such fluctuations, but

until it is possible to distinguish between different

impoundment types, this indicator will be limited to natu-

ral waterbodies. 

• Wetlands are considered altered if they are excavated,

impounded, diked, partially drained, or farmed. These cate-

gories are used by the U.S. Fish and Wildlife Service’s

National Wetlands Inventory; they are defined in Cowardin

et al. (1979). Wetlands fragmentation (subdivision into

smaller and more isolated patches by filling, roads, or other

alterations) is also important, but measurement of this

change requires detailed site-specific information. 

T h e  D a t a
The methods used to produce the data reported here for altered

riparian areas are described in the technical note for the Extent of

Freshwater Ecosystems, which immediately precedes this one.

The extent indicator describes methods used to characterize ripar-

ian areas; the same method could be used to classify the shore-

lines of ponds and lakes, but the relevant database does not distin-

guish between natural and impounded lakes/reservoirs. 

T h e  D a t a  G a p
There is no nationally aggregated database of the number of

impounded river miles or the number of leveed river miles. There

is also no method for calculating the extent of downstream effects

of dams, other than by conducting site-specific investigations for

each dam. 

No nationally aggregated database distinguishes impounded

waterbodies from natural ones, or identifies which natural lakes

are dammed at their outlets. It is possible that existing databases

on dam locations, such as those maintained by the U.S. Army

Corps of Engineers, could be merged with other datasets, such as

the National Hydrography Dataset, to derive this information. 

Data on altered wetlands are available through the U.S. Fish

and Wildlife Service’s National Wetlands Inventory (see http://

www.nwi.fws.gov/). At present, these data are not available in

electronic form for the entire United States. Further, these data

are available only on a quad-sheet-by-quad-sheet basis. The Fish

and Wildlife Service is in the process of integrating these data

more fully, and it is likely that they will be available in the near

future. However, they will be from different time periods in dif-

ferent states, and there is no plan for periodic updating. In addi-

tion, there are no plans to produce regional or national reports

comparing any updates with past data.
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Phosphorus in Lakes, Reservoirs, 
and Large Rivers

T h e  I n d i c a t o r
A variety of nutrients are needed for plant growth in aquatic sys-

tems: nitrogen, phosphorus, carbon, sulfur, iron, manganese, and

various trace metals (e.g., copper, cobalt, molybdenum, and zinc).

Silica is required by some kinds of algae (e.g., diatoms) because it

is the main component of the shells that surround the cells.

However, nitrogen (N) and phosphorus (P) are by far the most

common nutrient elements that limit or control the amount and

rate of plant growth in aquatic systems and, thus, define their

trophic status and corresponding “water quality.” Of these two

elements, phosphorus is widely considered to be the element that

most commonly limits aquatic plant growth in fresh waters under

natural conditions (i.e., minimal impacts from human activity).

Total phosphorus (TP) includes all forms of phosphorus present

in a water sample—dissolved and particulate, inorganic and

organic; adsorbed onto suspended clays and hydrous oxides; pres-

ent in planktonic organisms and in organic detritus; and phospho-

rus in dissolved natural organic matter. Phosphorus in macro-

phytes, fish, and bottom sediments generally is not included. 

TP was selected for reporting because it is a comprehensive

measure of the many operationally defined and chemical forms of

phosphorus, most of which are directly or indirectly available for

plant growth. Excess phosphorus can contribute to algal blooms,

poor water clarity, and other symptoms of eutrophication. 

TP levels are a measure of trophic state (Carlson 1977) and

general water quality in lakes, reservoirs, and large rivers. (Large

rivers typically behave as lakes; water residence times in stretches

of large rivers are sufficiently long that substantial phytoplankton

growth can occur in them.) The concentrations of TP that con-

tribute to symptoms of eutrophication are poorly understood for

flowing waters, but generally they are thought to be higher than

the critical levels in lakes. Consequently, TP is reported separately

for lakes and rivers. (The effects of phosphorus enrichment are

different for lakes and rivers in tropical areas than they are for

temperate zones; this discussion relates to temperate zones only.) 

TP measurements are straightforward; TP in lakes should be

reported as an average over the growing season (e.g., April to

September), which will require several (e.g., 4–6) samples over

the course of the period. Consideration was given to the appro-

priate number of samples each year (e.g., Knowlton et al. 1984),

and complications of sampling in areas with minimal seasonal

influence, such as Florida (Brown et al. 1988). 

TP measurements in rivers are restricted to those large

rivers with flows exceeding 1000 cubic feet per second (cfs). To

ensure proper characterization of average values for each river,

only sites that had at least 30 samples over the course of 2 years

were included. 

Information on the 1986 phosphorus recommended goal for

preventing excess algae growth can be found in EPA 440/5-86-

001 (see references). Information on regional nutrient (phospho-

rus) criteria can be found at http://www.epa.gov/waterscience/

criteria/nutrient/ecoregions. 

T h e  D a t a
Data for river phosphorus are from sites operated by the U.S.

Geological Survey (USGS) National Water Quality Assessment

(NAWQA) and National Stream Water Quality Accounting

Network (NASQAN). Data were available from 140 sites, with
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data collection from 1992 to 1998; 116 of these sites were either

NAWQA or NAWQA and NASQAN joint sites. 

NAWQA is described generally in the technical notes for the

core national indicator for contaminants (p. 210) and for nitrate

in farmland streams (p. 232). While that note describes data col-

lection from streams with relatively homogenous land cover (and

often relatively low discharge volumes), the data used in this indi-

cator are from larger rivers, with both larger discharge volumes

and watersheds with generally more diverse land uses. Thus, these

samples represent the integrating influences of many different

land uses. The methods for processing and summarizing these

data for large rivers, such as computing annual-weighted dis-

charge concentrations, also have been described in the technical

note for the Farmlands nitrate indicator. 

NASQAN is a USGS program that is focused on four major

river basins: the Mississippi, the Rio Grande, the Colorado, and

the Columbia River. NASQAN stations are located on major trib-

utaries in the four river basins, along the mainstem of rivers

where there is a large increase in flow, and upstream and down-

stream from large reservoirs. The program generally measures

both stream flow and a broad range of chemical constituents. An

extensive quality-assurance/quality-control program enables con-

stituents present in very low concentrations (micrograms per liter,

roughly parts per billion) to be measured with definable accuracy

and precision. See http://water.usgs.gov/nasqan/progdocs/

index.html. 

Because there was concern over the use of STORET data for

this indicator (see below) with respect to the possibility that sam-

pling locations might be strongly influenced by virtue of being

located near outfalls from wastewater treatment plants, this ques-

tion was also raised with respect to the NAWQA/NASQAN data.

These programs collect data using procedures that ensure that the

sample is representative of the entire stream cross-section. So,

even if the stream at the point of collection were not well mixed,

the samples would still be representative of the entire stream flow.

In addition, the measure that is being reported—annual dis-

charge-weighted average concentrations—addresses the potential

concern that samples might be overly representative of summer

low flows when wastewater effluent can comprise a large fraction

of the flow in some rivers. 

T h e  D a t a  G a p
In assessing the availability of data for reporting on phosphorus in

lakes and rivers, we reviewed two major datasets in addition to the

one reported here (NAWQA/NASQAN). These were STORET,

maintained as a data repository by the Environmental Protection

Agency (http://www.epa.gov/storet/), and within STORET, data

from the National Water Information System (NWIS), a USGS-

maintained data system (http://water.usgs.gov/nwis/).

Under contract to The Heinz Center, Procter & Gamble’s

Miami Valley Laboratory undertook an assessment of the quality

and spatial and temporal variability of the data from these two

sources. They concluded that phosphorus data were likely to be

comparable in terms of reporting thresholds; that is, there were

few if any problems related to the use of different reporting

thresholds in different states or jurisdictions. 

The second step was to determine whether either data sys-

tem had sufficient numbers and geographic distribution of sam-

pling sites. It was apparent from inspection of a map of lake phos-

phorus sampling sites that neither NWIS nor STORET as a whole

has sufficient coverage across the country. STORET has phospho-

rus concentration data from a large number of river sampling

sites, and this record extends into the 1980s. 

However, there was significant concern among workgroup

members regarding the fact that STORET data are derived from

studies undertaken for many reasons and using many methods for

selecting sampling sites. For example, some sampling was under-

taken specifically as part of before-and-after effectiveness studies

relating to phosphorus removal in publicly owned sewage treat-

ment works (POTWs). Other studies may have been undertaken

to determine the nature and extent of known phosphorus con-

tamination problems, while others may have been located ran-

domly as part of efforts to characterize nutrient concentrations in

both “clean” and “dirty” areas. 

STORET has very little information that can be used to

determine the rationale for sampling-site selection. Thus any

determination of the appropriate subset of STORET results to use

would have to be based on a complex analysis of the proximity of

sampling sites to POTWs, urban areas, and the like, which could

be used to determine if the sampling was biased to inclusion or

exclusion of such sites. Unfortunately, this analysis has not been

done and could not be accomplished within the time and

resources of this project. Therefore, given the significant potential

for STORET data to be unrepresentative, we have decided that it

is inappropriate to rely on it for this indicator until such studies

can be completed.
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Changing Stream Flows

T h e  I n d i c a t o r  
This analysis is based on changes between flow characteristics of a

20-year period beginning about 1930 and three 10-year periods

(1970s, 1980s, and 1990s). All stream gauges used here had a 20-

year record for the reference period and a 10-year record for the

later comparison period. Some of these 20-year records began in

1930 and ended in 1949, while some began in 1931, 1932, and

1933, and ended correspondingly later. Twenty years was selected

as a reasonable period that would allow characterization of

hydrologic regimes, and 10 years as the minimum period to use to

determine changes. 

Data from the earlier period are being used here as a practi-

cal baseline for historical comparison, even though many dams

and other waterworks had already been constructed by this time,

and even though this period was characterized by low rainfall in

some parts of the country. This decision means that it is more use-

ful to focus on decade-to-decade changes in the number of

streams with major changes in flow, rather than on the number or
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percentage of streams with such changes, compared to the base-

line period. 

The indicator assesses changes in magnitude and timing of

low-flow events and high flows, extreme events that are ecologi-

cally important in riverine ecosystems. Four subindicators were

included in the analysis:

• Average 7-day low flow (% change): assesses the degree of

alteration in low-flow magnitude, a parameter of impor-

tance to aquatic life. Minimum flows determine habitat

availability for aquatic organisms and can influence condi-

tion of riparian vegetation. Regulated streams are often

required to maintain a minimum flow for aquatic life.

• Timing of the 7-day low flow (Julian day): describes how

timing of low-flow conditions may have changed. A sub-

stantial change in seasonal timing of low flow can influ-

ence many ecological processes. 

• Average 1-day high flow (% change): assesses the degree of

alteration of the average annual peak flow. High flows are

significant ecological and geomorphic events for streams

and rivers, and a large change in the 1-day high flow is

expected to have important ecological consequences.

• Timing of the 1-day high flow (Julian day): assesses the

change in the timing of maximum annual high flow, an

event of substantial ecological relevance. A substantial

change in seasonal timing of peak flow can influence many

ecological processes.

T h e  D a t a
Data Source: Data reported here are from the U.S. Geological

Survey (USGS) stream gauge network. USGS has placed stream

gauges and maintained flow rate records throughout the United

States since the end of the 19th century. These records are avail-

able on the Internet in the form of daily streamflow values report-

ed as the average volume of water per second over a 24-hour

period (http://water.usgs.gov/nwis/discharge).

Data Collection Methodology: Stream gauging data are collect-

ed using standard USGS protocols. 

Data Manipulation: Queries of the USGS Web site were used to

identify 867 sites that had 20-year continuous records within 4

years of the target dates of 1930–1949 and 10-year continuous

records for the decades of the 1970s, 1980s, and 1990s. The data

for these 867 sites were then put into a format compatible with

the Indicators of Hydrologic Alteration (IHA) software package

produced by The Nature Conservancy with Smythe Scientific

Software (http://www.freshwaters.org/iha.html), which was used

to perform all subsequent analyses. The IHA software package

compares the values for each subindicator (see list above) for the

early 20-year period and the three later 10-year periods for each

gauge. Each gauge is classified according to the degree of change

of each of the four subindicators (see Table 4). Data analysis was

conducted by David Raff, Department of Civil Engineering,

Colorado State University.

Data Quality/Caveats: Although the sites analyzed here are

spread widely throughout the United States, gauge placement by

the USGS is not a random process. Gauges are generally placed

on larger, perennial streams and rivers, and changes seen in these

larger systems may differ from those seen in smaller streams and

rivers. In addition, the USGS gauge network does not represent

the full set of operating streamflow gauges in the United States.

The U.S. Army Corps of Engineers, for example, operates gauges,

and those data are not available through the USGS; they were not

used in this analysis. 

Data Access: Stream gauge data are available through the USGS

Web site at http://water.usgs.gov/nwis/discharge. Analysis results

are available through The Heinz Center. 

Water Clarity

Two approaches for measuring water clarity are measurements of

Secchi depth and satellite-based estimates. Since 1994, the U.S.

Environmental Protection Agency (EPA) has supported an impres-

sive program that aggregates Secchi disk measurements made by

volunteers during July across parts of the United States and

Canada (The Great North American Secchi Dip-In; see

http://dipin.kent.edu). In 2000, lakes in 43 states were sampled,

but the coverage varied considerably from state to state—in

Minnesota, Michigan, and Maine, large numbers of lakes were

tested, while in West Virginia and Wyoming, no lakes were sam-

pled, and in states such as Pennsylvania and the Dakotas, relative-

ly few lakes were sampled. In order to make the data nationally

representative, this program should be expanded to include more

lakes in more states. Because clarity is greatly affected by algal

blooms, measurements of clarity should be carried out at the

height of the growing season (mid-July to mid-September) in each

ecoregion, which may or may not fit with the July observations of

the Dip-In program. In addition, scientists are developing ways to

measure water clarity from satellite data, which could greatly

improve our understanding of how water clarity varies across the

country and over time. 

T h e  I n d i c a t o r
This discussion assumes that water clarity will be measured in lakes

and reservoirs by the Secchi-disk method, although a satellite-

based method may become the preferred approach. Secchi depth

measurements of water clarity (or transparency) will be reported in

three ranges: low (<3 ft), medium (3–10 ft), and high (>10 ft).

The Secchi disk is a white plate with a diameter of 8 inches with

black lines radiating from the center. The disk is lowered into the

water until it can no longer be seen. The depth at which this

occurs is called the Secchi disk transparency or Secchi depth (SD).

It is a simple but effective way to measure water clarity.

Water clarity values for lakes and reservoirs will be reported

in two ways: by lake area falling into the low, medium, and high

categories, and as averages for freshwater ecoregions. (Ecoregions

are areas that are similar in climate, geography, and ecological con-

ditions and are defined in Ricketts et al. 1997.) Measurements

should be made annually during an “index” period near the height

of the algal growing season, which generally corresponds with the
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Table 4. Values for Minimal, Moderate, and 
Large Change

<25% 25-75% >75%

<30 days 30-60 days >60 days

Percent 
Change

Time

Minimal Change Moderate Change Large Change



height of the recreational use season. In lakes of the Upper

Midwest, for example, the index period is mid-July to mid-

September, when Secchi-disk transparency is relatively constant

and at annual minimum values. The appropriate length of the

index period in other parts of the country needs to be determined,

but the mid-July to mid-September period should be suitable for

all lakes in temperate climate zones. One measurement during this

period should be adequate to define ecoregional growing-season

minimum values, although one measurement is not sufficient to

define the minimum transparency for an individual lake. 

Humic-colored lakes and reservoirs are found in many areas

of the country (e.g., in northern forests of Minnesota, Wisconsin,

Michigan, New York, and New England and in wetland forests

throughout the Southeast, from Virginia to Florida). Clay turbidi-

ty is a dominant factor in water clarity in lakes and reservoirs of

the central plains and the Piedmont region of the Southeast.

Humic color and clay turbidity tend not to have a strong seasonal

pattern in lakes, so a mid- to late-summer sampling period

designed to capture the peak influence of algal growth on trans-

parency should also be appropriate for these lakes and reservoirs.

Ponds have been excluded from this indicator, mostly because

the hydraulic properties of ponds are quite different from those of

lakes. Because of their shallow nature (typically less than 2 meters,

or 6.5 feet), ponds can readily be completely mixed by strong

winds. Such mixing can suspend sediments in the water column,

which would decrease clarity. Lakes (and reservoirs) typically have

a warm layer of water at the surface (epilimnion) that does not eas-

ily mix with deeper, colder waters (hypolimnion). Full wind-driven

mixing of lakes typically occurs only during the fall and spring

when temperatures are fairly uniform across all depths.

T h e  D a t a  G a p
The Great North American Secchi Dip-In program has been

evolving since 1994. Supported by the EPA in cooperation with

the North American Lake Management Society, the Dip-In is the

largest-scale program for collecting SD data in the United States.

The program relies upon volunteers who measure the Secchi

depth of lakes in their area over a 2-week period in the beginning

of July. Data are collected and maintained at http://dipin.kent.edu.

While the data do not cover the whole country, they are substan-

tial. In 2000, lakes in 43 states were sampled, but coverage varies

considerably from state to state. Several states (Minnesota and

Wisconsin in particular) have extensive volunteer monitoring pro-

grams coordinated by state agencies, and some state agencies have

extensive collections of historical data. 

Using satellite imagery is promising as a way of obtaining

essentially complete coverage of lake water clarity. This approach

is being tested by a NASA-funded consortium involving the

Universities of Minnesota, Wisconsin, and Michigan. The consor-

tium is applying a recently developed protocol using Landsat

satellite images from the early 1990s and from 1999 to all lakes

over 50 acres in the three-state region (see resac.gis.umn.edu/

lakeweb/index.htm and Kloiber et al. 2000).
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At-Risk Native Species

See the technical note for the core national at-risk species indicator,

(p. 214). 

Non-Native Species

T h e  I n d i c a t o r
This indicator reports the percentage of all hydrologic units (sim-

plified here to represent watersheds; see below) having one of

several ranges of established non-native species. Introduced

species are those that are not native to the watershed in which

they are found. These species may be from outside North

America, or they may be from another part of this continent.

Established species are those that have established persistent

breeding colonies. In general, watersheds with higher numbers of

non-native species are subject to higher levels of ecological and

economic disruption.

Some non-native species become established at low popula-

tion levels; other species are “invasive”—that is, they spread

aggressively, creating ecological and economic disruption. Ideally,

this indicator would track only invasive species, perhaps by

reporting on a selected group of problematic or potentially prob-

lematic species, as identified by recognized experts. However, it is

not now possible to identify potentially problematic species, and

thus we have chosen to report on all non-native species. But

changes can signal the emergence of an invasive species. Some

become invasive quickly; others do so only after long lag times.

It is important to note that hydrologic units, which are rep-

resented by hydrologic unit codes (HUCs), can be loosely thought

of as watersheds. However, only at the finest resolution is this

accurate. Thus, the HUCs shown in the figure may include multi-

ple watersheds in whole or in part, or they may actually represent

a single watershed. 

T h e  D a t a
Data Source: Nonindigenous Aquatic Species Database, Biological

Resources Division (BRD), U.S. Geological Survey (USGS).

Roughly 90% of the data are derived from the published literature.

Data are collected for the most part by federal and state biologists,

although the public does contribute by reporting sightings.

Data Manipulation: Data for introduced species are maintained

in a database whose units are 6-digit HUCs (there are 352 6-digit

HUCs across the 50 states). The only necessary manipulation was

to compute the indices as described above.

Data Quality/Caveats: Although the BRD database (Web site

listed below) is widely known about throughout the professional

community, in some cases new discoveries are not reported by

state and federal biologists.
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Data Access: While these types of data are available on BRD’s

Nonindigenous Aquatic Species (NAS) Web site (http://

nas.er.usgs.gov/), the actual data presented here were prepared for

this report by USGS.

T h e  D a t a  G a p
NAS includes information on a host of vertebrates, invertebrates,

algae, and plants. At this time, however, the database managers do

not feel that these data have matured adequately to be presented

at the national level.

Animal Deaths and Deformities 

T h e  I n d i c a t o r
This indicator describes unusual mortality among fish, aquatic

mammals (such as otter or beaver), waterfowl (i.e., ducks, geese,

and swans), and amphibians, along with the incidence of deformi-

ties among amphibians. Unusual mortality generally involves the

death of multiple animals in a relatively small area over a relative-

ly short period of time. That is, one dead bird would not be con-

sidered an “unusual mortality event,” but if one dead bird was

found every day for a week, in the same location, it might be. In

addition, a single death might be considered for inclusion here if

the particular circumstances warranted it—for example, if the

bird was part of a flock that was known to have fed at a contami-

nated site.

This indicator reports mortality events according to the num-

ber of individuals killed. When data for different species groups

become available, it may be necessary to use categories (such as

serious, severe, catastrophic) rather than numbers of individuals.

This would facilitate comparison of mortality events affecting dif-

ferent species. For example, an event affecting 100 individuals

would be viewed with different levels of seriousness if it affected

100 waterfowl, 100 fish, or 100 mammals such as otters. 

T h e  D a t a
Data Source: Data on waterfowl are collected by the Department

of the Interior, U.S. Geological Survey, Biological Resource

Division, National Wildlife Health Center (NWHC). They were

supplied especially for this report.

Data Collection Methodology: NWHC is a research and diag-

nostic laboratory, with a primary focus on disease prevention,

detection, and control in free-ranging wildlife. NWHC maintains

a database of outbreaks of wildlife disease and unusual mortali-

ties, usually affecting multiple animals at the same time. The data-

base covers all 50 states, Puerto Rico, and the U.S. Virgin Islands,

and covers wildlife disease and mortality events over the past 25

years. The database contains information on avian, mammalian,

and amphibian mortality events. Information in the database is

provided by various sources, such as state and federal personnel,

diagnostic laboratories, wildlife refuges, and published reports. 

Data Quality/Caveats: As noted, the NWHC database covers

mammalian and amphibian mortality events, as well as avian

events. For freshwater reporting, the avian component was select-

ed as the most complete and most likely to provide representative

information at this time. Even for birds, however, the database

may not accurately reflect all causes or cases of mortality since

NWHC is not informed of every mortality event. Smaller events,

in particular, may be handled locally and may not be reported to

NWHC. The decision whether or not to include a reported event

in the database is made by NWHC specialists. The data reported

mortality events primarily affecting anseriformes (ducks, geese,

and swans); however, other types of birds that died in an event

would have been counted. In addition, the database was not

developed as a tool for reporting on national trends; it was

intended for use by NWHC as a tool for tracking epidemiological

information over time. The information is generally not from

specifically defined surveillance and monitoring systems; rather,

information is provided as events are discovered or reported.

Data Access: Data are reported quarterly in NWHC online

reports. See http://www.nwhc.usgs.gov/pub_metadata/qrt_mortali-

ty_report.html. These reports also include information on mam-

mal and amphibian mortality. Data reported here were prepared

by NWHC staff specifically for this project. 

T h e  D a t a  G a p
Mammal and Amphibian Mortality: As noted, the NWHC col-

lects data on amphibian and mammal mortality. These data are

less complete than for waterfowl. Reporting on these groups

would be possible if additional resources were available to ensure

that reports of amphibian and mammal deaths were reported to

NWHC on a regular basis from all regions of the country. 

Fish: There is no program in place to collect information about

freshwater fish die-offs. 

Amphibian Deformities: The North American Reporting Center

for Amphibian Malformations (NARCAM; see http://

www.npwrc.usgs.gov/narcam/) is a project of the U.S. Geological

Survey’s Northern Prairie Wildlife Research Center. The NAR-

CAM database receives data from a wide variety of sources. NAR-

CAM is not part of a structured monitoring system, but it cooper-

ates with and receives information from several such monitoring

programs, among them NAAMP (North American Amphibian

Monitoring Project), Frogwatch USA, ARMI (Amphibian

Research and Monitoring Initiative), and A Thousand Friends of

Frogs. Wildlife refuge personnel, state fish and game agency staff,

university students and researchers, and others who have con-

ducted field surveys of amphibians also submit reports, as do

members of the general public, who are able to use NARCAM’s

Web site to submit their reports directly online. Unless the

reporter is thought to have sufficient expertise, the submission is

forwarded to a verifier (a professional herpetologist or other

expert) who can go to the original site and confirm the report.

As of July 2001, more than 2,000 verified reports, from 47

states and 4 Canadian provinces, had been included in the NAR-

CAM database (see http://www.npwrc.usgs.gov/narcam/reports/

reports.htm and http://www.nwhc.usgs.gov/amph-dc.html).

However, reports are not evenly distributed among the states:

Minnesota, where large numbers of malformed amphibians were

first reported, accounts for 21.7% of all reports, Wisconsin for

12.2, and Vermont for 12.0. Another nine states account for

26% of all verified reports. According to NARCAM, it is often

difficult to find trained volunteers (and funds) for amphibian 

surveying programs.
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Status of Freshwater Animal Communities:
Fish and Bottom-Dwelling Animals

This technical note also supports the urban/suburban indicator

Animal Communities in Urban/Suburban Streams.

T h e  I n d i c a t o r
Biological integrity has been defined as “the capacity of support-

ing and maintaining a balanced, integrated, adaptive community

of organisms having a species composition, diversity, and func-

tional organization comparable to that of the natural habitat of

the region” (Karr et al. 1986).

Ecosystems that are “healthy,” or show high integrity, are

more likely to withstand disturbances imposed by natural and

anthropogenic stressors. Biological integrity is a broad term that

typically refers to measures of structural elements, such as genet-

ics, individuals, populations, and assemblages (communities). 

Quantitative methods for assessing biological integrity (gen-

erally called “indices of biotic integrity”) have been developed for

fish and benthic macroinvertebrates. Benthic macroinvertebrates

comprise a heterogeneous assemblage of animal groups that

inhabit the sediment or live in or on other bottom substrates in

the aquatic environment. Macroinvertebrates are defined as

organisms that cannot pass through a No. 30 sieve (0.6-mm, or

0.023-inch openings). The major taxonomic groups of freshwater

benthic macroinvertebrates are the insects, annelids (worms),

mollusks, flatworms, and crustaceans. They are important mem-

bers of food webs, and their well-being affects the well-being of

higher forms, such as fish. 

T h e  D a t a  G a p  
Most methods for assessing biotic integrity were developed for

streams and wadeable rivers. A seminal step was the development

of the Index of Biotic Integrity (IBI) for fish, described briefly at

http://www.epa.gov/bioindicators/html/ibi-hist.html. 

IBIs for fish and macroinvertebrates are based on reference

conditions, which are usually determined by comparison to undis-

turbed or relatively undisturbed areas believed to be representa-

tive of conditions in an ecoregion (an ecoregion is “a relatively

large area of land or water that contains a geographically distinct

assemblage of natural communities” [Abell 2000]). Most IBIs con-

sist of several metrics that can be organized under three major

groupings: species richness and composition, trophic structure,

and abundance and condition. Each metric is scored from low (1)

to high (5), with low values corresponding to the worst condition

and high values representing the reference condition. This

approach means that all IBIs must be tailored to the specific

species makeup in a specific region. At present, there are no

national criteria for assessing biological integrity, but the U.S.

Environmental Protection Agency has published guidelines for the

development of such criteria, and methods and criteria for several

regions and states are under development (see U.S. Environmental

Protection Agency 1996 and 1998).

Thirty-two states are developing quantitative tests for fish or

bottom-dwelling animals or both: Alabama, Alaska, Arizona,

Arkansas, California, Connecticut, Delaware, Georgia, Hawaii,

Idaho, Illinois, Indiana, Iowa, Maryland, Massachusetts,

Minnesota, Mississippi, Montana, Nebraska, New York, North

Carolina, North Dakota, Oklahoma, Oregon, Pennsylvania, South

Carolina, Tennessee, Texas, Washington, West Virginia,

Wisconsin, and Wyoming. Five states (Florida, Kentucky, Maine,

Ohio, and Vermont) already have active quantitative testing pro-

grams in place, and 10 states (Colorado, Kansas, Louisiana,

Michigan, Missouri, New Hampshire, New Jersey, New Mexico,

Rhode Island, Virginia) and the District of Columbia have or are

developing some type of fish or benthic community assessment

program (generally not a quantitative test, as is proposed here).

Only South Dakota, Nevada, and Utah have no active or planned

program (http://www.epa.gov/ost/biocriteria/States/streams/

streams.html, 06/28/01).

In order to develop a nationally consistent set of observa-

tions, there must be consistency in key aspects of the monitoring

in different states. For example, some states currently use an

“average” condition for the basis of their reference, whereas oth-

ers use “minimally impaired” (e.g., closer to “natural” or “undis-

turbed”). The result is that states using the former approach

appear to be in good shape (on average), while those that com-

pare their sites to a “minimally impaired” reference show a wide

range of IBIs (exceptional to poor). Without a common reference

condition, IBI rankings will not be comparable from state to state.

In addition, comparing testing results from different places

requires some consistency in scoring methods. For instance, EPA’s

current Environmental Monitoring and Assessment Program

(EMAP; http://www.epa.gov/emap/) uses an IBI scaled to 100,

while some state programs use a scale of 1 to 60. Aggregation will

require knowledge of the linearity of the scoring method. That is,

is an EPA score of 50 the same as a state score of 30? Clearly, rules

for classification to establish “ranks” will need to be developed. 

Finally, consistency is important with regard to the intensity

of sampling. Regions that are more heavily sampled are more like-

ly to reflect the “true” aggregated condition than areas that are

not. Criteria for the number of observations per region should be

developed to screen out results that do not adequately describe

the condition of a body of water.
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At-Risk Freshwater Plant Communities

T h e  I n d i c a t o r
For purposes of this report, wetlands are defined using the domi-

nant vegetation (including all rooted aquatic species) and hydro-

logic properties of the National Wetlands Inventory (NWI; for

information about the NWI program, see http://

wetlands.fws.gov/; for information on the wetlands classification

system, see http://wetlands.fws.gov/Pubs_Reports/Class_Manual/
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class_titlepg.htm). Wetland plant communities are defined accord-

ing to the association concept, which is a plant community type of

a specific floristic composition resulting from certain environmen-

tal conditions and displaying relatively uniform physiognomy.

These communities form part of the U.S. National Vegetation

Classification System (NVCS), which was adopted as the federal

standard for vegetation information by the Federal Geographic

Data Committee in 1997. The classification covers uplands as well

as wetlands (see http://www.fgdc.gov/standards/status/

sub2_1.html for information about this classification system). The

conservation status assessment for each association is called a glob-

al rank and is based on the relative rarity and degree of imperil-

ment of the association across its entire geographic range. Tracking

wetland plant communities at the association level is a way of

measuring wetland diversity and provides a tool to assess condi-

tions affecting specific types of wetlands across the entire country. 

Riparian areas are the margins of streams, rivers, or lakes.

Riparian areas include a range of plant communities, including both

upland vegetation communities (often thriving on the increased

moisture available near the stream or river) and wetland plant com-

munities on the floodplain. Because riparian vegetation is a mixture

of upland and wetland habitats, classification is difficult. In 1997,

the U.S. Fish and Wildlife Service developed a classification scheme

for the western United States (http://wetlands.fws.gov/Pubs_

Reports/Riparian/Riparian.htm), but this system has only begun to

be used for collecting data on riparian habitats in that region of the

country. As the Service uses this classification to expand its natural

resource mapping to riparian habitats, it should be possible to use

the resultant inventory to document the status of riparian habitats

and their trends in the future. Meanwhile, NatureServe (a nonprof-

it organization; see www.natureserve.org) and the Natural

Heritage Network, which provides status information on wetlands

(see below), are developing an approach for reporting on riparian

area condition (see “Data Quality/Caveats” below). 

T h e  D a t a
Data Source: NatureServe and its Natural Heritage member pro-

grams develop and maintain information on each association in the

NVCS. The regions were defined by The Heinz Center and collabo-

rators, using vegetation-based and climate-based ecological regions,

the regional boundaries developed by federal land and resource

management agencies, vegetation data from remote sensing, and a

common-sense approach to regional differences and similarities.

Data Collection Methodology: NatureServe ecologists gather,

review, and integrate available information about vegetation pat-

tern from Natural Heritage program databases, published and

unpublished literature, and ecology experts in each state. They

then assess conservation status using standardized Heritage rank-

ing criteria (see http://www.natureserve.org/explorer/ranking.htm).

Heritage ranks range from 1 to 5, with 1 meaning critically

imperiled; 2, imperiled; 3, vulnerable to extirpation or extinc-

tion; 4, apparently secure; and 5, demonstrably widespread,

abundant, and secure. 

Data Manipulation: The global ranks are summarized into

“rounded ranks.” For example, an actual rank may express sub-

stantial uncertainty about whether the community is “critically

imperiled” or “imperiled.” In all such cases, the rank has been

rounded to the more imperiled one. 

Data Quality/Caveats: Conservation status ranks are continually

reviewed and revised by Natural Heritage program biologists. In

addition, as development of the system of classifying plant com-

munities evolves (http://www.fgdc.gov/standards/status/

sub2_1.html), more communities will be recognized in geographic

areas that are currently “underclassified.” Such revisions could

affect the proportion of communities considered at-risk.

Some variability exists across the country in how the wetland

plant community types were defined and in the amount of survey

work done, and the definitions of community types are still under

review by ecologists with the NatureServe and Natural Heritage

programs. 

Data Access: Detailed, periodically updated information on each

wetland plant community type, including its status, is available at

http://www.natureserve.org/servlet/NatureServe?init=Ecol.

T h e  D a t a  G a p
In the near future NatureServe hopes to augment the associations

used in this analysis with an “ecological systems” approach.

Ecological systems are biological communities found within a

geographic region that share similar ecological processes and gra-

dients (e.g., fire regime, elevation, climate, hydrologic regime),

biological dynamics (e.g., succession), and other driving environ-

mental features (e.g., soils, geology). Wetland areas defined by

such an approach will bear a more direct relationship to major

ecological settings (e.g., riparian types, peatlands, marshes) and

thus may be a better basis for this kind of analysis. 

This ecological systems approach may help in dealing with

the fact that riparian areas are not specifically described in the

NVCS and are not assessed by NatureServe. A holistic approach

could include the entire moist upland–wet lowland zone as part of

the riparian area, facilitating mapping and documentation of

these systems across a region.

Stream Habitat Quality

See the technical note for the Farmlands Stream Habitat Quality

indicator, p. 237. 

Water Withdrawals

T h e  I n d i c a t o r
Five mutually exclusive categories of water use are reported:

“Municipal” supply is water withdrawn by public and private

water suppliers and delivered to homes and businesses for drink-

ing, commercial, and industrial uses. “Rural” water use is self-sup-

plied water for domestic use and for livestock. Water used for

“irrigation” includes application to crops, pastures, and recre-

ational lands such as parks and golf courses. “Thermoelectric” is

water used for cooling in the generation of electric power.

“Industrial” water use includes self-supplied water (i.e., water not

drawn from the municipal supply) for fabrication, processing,

cooling, and washing. The industrial category includes commer-

cial and mining uses of water.

T h e  D a t a
Data Source: Using raw data collected by states and other

sources, the U.S. Geological Survey (USGS) compiles estimates of
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water use for each use category and then aggregates the estimates

for each state, Puerto Rico, and the U.S. Virgin Islands and for

each of the 21 water-resources regions. The data have been pub-

lished every 5 years since 1950 in the USGS Circular series

“Estimated Use of Water in the United States.” More recent com-

pilations are available electronically at http://water.usgs.gov/

watuse/. Some state and federal agencies also publish reports on

water use for specific states or categories of use.

Data Collection Methodology: Sources of information and

accuracy of data vary by state and by water-use category. Most

public-supply water withdrawals and deliveries are metered. In

some states, large irrigation and industrial users are required to

have water meters to measure the amount of water withdrawn.

For other categories, such as self-supplied domestic (e.g., “rural”)

and small industries (e.g., self-supplied commercial), estimates of

water use are derived from population or product output. Energy

production data obtained from the Department of Energy are

used in making water-use estimates for the thermoelectric power

category. Information on acres irrigated is obtained from the

Department of Agriculture’s Census of Agriculture and its Farm

and Ranch Irrigation Survey and from state universities.

Information on public water supplies is obtained from the

Environmental Protection Agency, state agencies, and individual

water suppliers.

Data Manipulation: The steps required to transform the raw

data into final form vary with the category of use and with the

level of detail of the available raw data. Guidelines used for

preparing the most recent estimates are available at http://

water.usgs.gov/watuse/. In addition, sources of information and

accuracy of data are discussed in the USGS circulars published

every 5 years.

Data Quality/Caveats: Because the sources of data and the level

of detailed information vary for each state, it is difficult to apply an

error analysis to the national aggregate water-use estimates. As part

of the compilation effort, each USGS compiler is required to pro-

vide justification when estimates change by more than 10% from

the previous water-use compilation. Once the data are compiled at

the state level, they are peer-reviewed by USGS regional water-use

specialists and again by USGS national water-use specialists. 

Data Access: The data used here are available in the regular

USGS Circular series “Estimated Use of Water in the United

States” (for historical data) and at http://water.usgs.gov/watuse/

(for more recent data).

Groundwater Levels

T h e  I n d i c a t o r
This indicator would describe changes in water levels in major

regional aquifers by reporting the fraction of the total area of

regional aquifers that declined, increased, or remained stable in

comparison to a previous period, and would be reported every 5

years. An example of the kind of data that are available for some

major aquifers, and which would be used to develop a national

indicator, can be seen in a series of maps depicting changes in the

High Plains aquifer, which underlies eight states in the central

United States (see McGuire et al. 1999). 

T h e  D a t a  G a p
This indicator would require significant data on water levels in

major regional aquifers (see below). It would also require a

scheme for classifying changes in aquifer level as “significant

increase,” “significant decrease,” or “no significant change.”

Changes in groundwater level have unique levels of significance in

different aquifers; a change of a few feet in a shallow coastal

aquifer may be quite important in terms of susceptibility to salt-

water intrusion, while a change of 10 feet on a very large aquifer

may not be as significant. Logically, the values for “stable” will be

different in different aquifers (e.g., the High Plains case defined

–5 feet to +5 feet as “no significant change”). Therefore, defini-

tions of significant increase or decrease (and thus, no significant

change) should be determined on an aquifer-by-aquifer basis. 

Water-level data are available for all or parts of every state,

but these data cannot be aggregated to provide national coverage

because of limited coverage of most aquifer systems and lack of

electronic availability of much of the monitoring data. The High

Plains aquifer is one of the few multistate aquifers with systematic

and coordinated water-level monitoring. States or areas with good

water-level-monitoring programs include parts of Florida, Long

Island (NY), Pennsylvania, and Utah. To ensure national coverage,

the following points must be addressed:

• Data must be collected from areas that represent the full

range of topographic, hydrogeologic, climatic, and land

use environments within the major aquifers.

• Data must be collected using standardized methods from

monitoring wells or other wells not affected by local

pumping. Procedures for well selection and data collection

are available in Chapter 2 of the USGS’s 1980 National
Handbook of Recommended Methods for Water-Data
Acquisition.

• There must be agreement on timing of water-level meas-

urements across the country so that the status of major

aquifers in a region or in the entire country can be present-

ed as a snapshot in time.

• Plans must be in place to ensure long-term viability of

observation-well networks and data collection programs,

including plans for a combination of data collection at long-

term monitoring wells and periodic synoptic measurements.

• There must be agreement among the agencies or other

sources of data on electronic data storage, access, and dis-

semination. The agencies that will be responsible for leader-

ship in compiling and publishing the data must be identified.

R e f e r e n c e s
McGuire, V.L., C.P. Stanton, and B.C. Fischer. 1999. Water level

changes, 1980 to 1997, and saturated thickness, 1996–97, in

the High Plains aquifer. U.S. Geological Survey Fact Sheet.

FS-124-99. http://ne.water.usgs.gov/highplains/hp97_web_

report/97fs.pdf.

Waterborne Human Disease Outbreaks

T h e  D a t a
This indicator reports the number of waterborne disease out-

breaks (WBDOs) reported to the Centers for Disease Control and

Prevention (CDC) through a network of doctors and state and

local public health officials. In addition, the U.S. Environmental

Protection Agency (EPA) and the Council of State and Territorial

T e c h n i c a l  N o t e s

The State of the Nation’s Ecosystems: Technical Notes 255



Epidemiologists assist with collection and reporting of WBDOs.

CDC generally reports only cases involving at least two individu-

als with a similar illness, and only where epidemiological evidence

implicates water as the probable source of the illness. (Data from

1920 to 1936 include outbreaks that affected more than five peo-

ple. These early data also include some cases related to contami-

nation of reservoirs and cisterns, which are not included in the

1973–1998 dataset.) This indicator does not report outbreaks due

to distribution system problems of unknown origin, nor does it

include outbreaks caused by contamination of water or ice at the

point of use (e.g., a contaminated water faucet). Outbreaks associ-

ated with recreational fresh surface waters are included here; out-

breaks associated with marine water, spas, whirlpools, hot tubs,

and the like are not reported. 

Data Collection Methodology: State and territorial and local

public health departments are primarily responsible for detecting

and investigating WBDOs and voluntarily reporting them to

CDC. CDC requests annual reports from state and territorial epi-

demiologists or from persons designated as WBDO surveillance

coordinators. EPA collects additional information on water quali-

ty and treatment as needed from state drinking water agencies.

Data Manipulation: Information from CDC was sorted to iden-

tify only those outbreaks that are clearly linked to contamination

in lakes, streams, ponds, and the like. Thus, outbreaks linked to

contamination at the point of use and those linked to marine

waters, hot tubs, spas, and swimming pools were deleted.

Outbreaks associated with untreated and inadequately treated

drinking water were aggregated. 

Data Quality/Caveats: Various factors can affect the chances of

an individual illness being linked to a water source. These include

public awareness, the likelihood that ill people will consult the

same health care provider, availability and extent of laboratory

testing, local requirements for reporting cases of particular dis-

eases, and the surveillance and investigative activities of state and

local health and environmental agencies. Recognition of WBDOs

is also dependent on certain outbreak characteristics; large inter-

state outbreaks and outbreaks involving serious illness are more

likely to receive the attention of health authorities. Outbreaks

associated with private water systems that serve a small number of

residences or farms are the most likely to be underreported

because they generally involve only a few people. 

Data Access: Current WBDO data are reported by CDC, Public

Health Service, U.S. Department of Health and Human Services,

in CDC Surveillance Summaries for Waterborne-Disease

Outbreaks, Morbidity and Mortality Weekly Report. The

1985–1999 Surveillance Summaries are available at http://

www.cdc.gov/mmwr/sursumpv.html; see Volumes 37, 39, 40, 42,

45, 47, and 49. Data from 1978 to 1984 are from CDC’s Water-

Related Disease Outbreaks Annual Summaries (1980–1985), and

data from 1973 to 1977 are from CDC’s Foodborne and

Waterborne Disease Outbreaks Annual Summaries (1974–1979).

Freshwater Recreational Activities

There is no technical note for this indicator.

Grasslands and Shrublands

Area of Grasslands and Shrublands

T h e  I n d i c a t o r
This indicator reports the acreage of grasslands and shrublands

using land cover data based on satellite measurements from the

National Land Cover Dataset (NLCD). For this indicator, pas-

tures and hay-lands were included; however, they were included

within farmlands for that system’s extent indicator (p. 191) and

the national extent indicator (p. 40). Pastures and hay-land are

included in this indicator because many fall within the description

of grasslands and shrublands given in the introduction of this

chapter, and because it is not clear how well the satellite data dis-

tinguish them from less-managed grasslands. (Note that in the

NLCD the classification “pasture/hay” is defined as areas of grass-

es, legumes, or grass-legume mixtures planted for livestock graz-

ing or the production of seed or hay crops.)

The U.S. Department of Agriculture Economic Research

Service (ERS) has carefully tracked changes in different land uses

over the past 50 years in its “Major Uses of Land” series (see

http://www.ers.usda.gov/data/majorlanduses/). Its accounting for

cropland and forest land is consistent with the approach taken in

this report, and its trend in urban area was adopted for compari-

son purposes (see national extent indicator, p. 40). However, the

ERS category that is closest to the definition of grasslands and

shrublands used in this report is “grassland, pasture and range.”

This category, which included 578 million acres for the lower 48

states in 1997, is inconsistent with the definition used in this

report because land is included based on grazing activity rather

than on the land cover classification; there was no obvious way to

reconcile the differences in definition adequately so that the ERS

data could be used to track trends in grasslands and shrublands.

The extent of grasslands and shrublands (shown in this indi-

cator) is a key aspect in understanding this ecosystem. Additional

indicators in this chapter provide information on other key

parameters. In addition, there have been attempts to provide

overall ratings of the “ecological condition” or “health” of these

lands. One potential measure of ecological condition is seral

stage. The concept of rangeland health has been addressed by the

National Academy of Sciences (Committee on Rangeland

Classification 1994). However, ecological condition is expressed

differently at multiple scales, including sites and landscapes, and

presently does not lend itself to synthesis at a national scale.

Aggregation of site-level rangeland condition data to a national

assessment is particularly problematic (Mitchell 2000).

T h e  D a t a
Data Source: The data for the lower 48 states are from the

NLCD, which has a resolution of approximately 30 meters on a

side. The NLCD is a product of the interagency Multi-Resolution

Land Characterization (MRLC) initiative (see the technical note

for the national extent indicator, p. 207).

Data for Alaska are from a vegetation map of Alaska by

Flemming (1996), based on Advanced Very High Resolution

Radiometer (AVHRR) remote-sensing images with an approxi-

mate resolution of 1 kilometer on a side. The following groupings

of classes were used (see http://agdc.usgs.gov/data/projects/fhm/#G

[Statewide Vegetation/Land Cover] and the technical note for the
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national extent indicator, p. 207). Briefly, the following are

Flemming’s (1996) classes that were included within grasslands

and shrublands: alpine tundra & barrens (#3); dwarf shrub tun-

dra (#4); tussock sedge/dwarf shrub tundra (#5); moist herba-

ceous/shrub tundra (#6); wet sedge tundra (#7); low shrub/lichen

tundra (#8); low & dwarf shrub (#9); tall shrub (#10); and tall

& low shrub (#23).

Presettlement estimates of grass/shrub land cover were

derived from data provided by Richard J. Olson, Oak Ridge

National Laboratory (personal communication). These data were

first published in Klopatek et al. (1979). This dataset provided

potential area of Kuchler vegetation types. A set of Kuchler vege-

tation types provided by the Vegetation/Ecosystem Modeling and

Analyis Project (VEMAP) program (http://www.cgd.ucar.edu/

vemap/lists/kuchlerTypes.html) was used to select a set of grassland

and shrubland vegetation types from Klopatek et al. (1979).

While there are minor differences between the Kuchler naming

conventions in the Klopatek et al. (1979) and VEMAP lists, the

overall suite of vegetation classes matches quite well, and the

resulting estimate is considered reasonable. 

Data for recent changes in “non-federal grasslands and

shrublands” are from the U.S. Department of Agriculture A

Natural Resources Conservation Service National Resources

Inventory (NRI) program. NRI uses the term “rangelands,” which

is consistent with our definition of grasslands and shrublands,

except that the NRI data used here do not include pasture or

lands enrolled in the Conservation Reserve Program. Data from

1982, 1992, and 1997 are derived from the NRI Summary

Report (revised December 2000), tables 5 and 8. See http://

www.nhq.nrcs.usda.gov/NRI/1997/national_results.html.

Data Limitations/Caveats: In the discussion section of the indi-

cator text, an attempt was made to place bounds on the loss of

grasslands and shrublands since the time of European settlement.

This was done to give the reader a sense of the change; however,

this estimate should be interpreted with caution. There are two

caveats in particular. The satellite data used to estimate the

acreage of pasture do not indicate whether or not the land is

heavily managed (i.e., plowed and seeded). Depending upon the

division of pastures between relatively heavily managed and rela-

tively lightly managed (i.e., more natural in character), grasslands

converted to pasture could represent a significant addition to the

estimates of area converted. Also, a considerable amount of the

land that is now classified as pasture is located in the East and was

probably forest. Hence, to say that grasslands and shrublands

declined 40 to 140 million acres since European settlement

ignores the fact that more of the original grasslands and shrub-

lands may have been lost but these losses were offset by gains in

eastern pastures.

Data Access: Please see the information contained within the

technical note for the national extent indicator (p. 207).
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Land Use

T h e  D a t a
Data Source: Data on Conservation Reserve Program (CRP)

lands are from the USDA Farm Services Agency (FSA), which

manages CRP signups and contracts.

Data Manipulation: Reported here are lands in the following

“practice” categories: Introduced Grasses (CP1), Native Grasses

(CP2), Wildlife Habitat (CP4), Grass Waterways (CP8),

Established Grass (CP10), Wildlife Food Plots (CP12), Filter

Strips (CP13), Contour Grass (CP15), Snow Fences (CP17), Salt

Tolerant Vegetation (CP18), Alternative Perennials (CP20), Filter

Strips (CP21), Cross Wind Strips (CP24), and Declining Habitat

(CP25). The figure of 29 million acres (29.37 million acres)

reported here is based on data reported at http://

www.fsa.usda.gov/crpstorpt/04approved/r1pracyr/r1pracyr2.htm

(report MEPRTK-R1, April 30, 2001, last accessed 10/15/01).

Data from each of these practice categories were summed for all

contracts active at the time the report was prepared. 

This report provides information on cover practices for con-

tracts beginning in each program year since CRP was implemented

(1987). However, the report generally provides information only

for contracts that begin in a specific year, not those that are active

in a specific year. Therefore, it is not possible to develop time

trend information for cover practices active in any given year. The

exception to this statement is that the report does provide a sum-

mary of cover practices for all currently active contracts, and this

summary provided the figure of 29.37 million acres. 

T h e  D a t a  G a p
For this indicator to be reported on effectively at a national level,

a standardized set of definitions and criteria for classifying land

uses is needed. Following are possible components and approach-

es to be incorporated into such definitions.

Livestock Raising: Federal land managers report the allowable

stocking rate in Animal Unit Months (AUMs) for individual live-

stock allotments. In theory, the number of animal units per acre

could be calculated. However, research should be done to under-

stand how well allowable stocking rates reflect actual rates of use.

In addition, we are aware of no source for consolidated informa-

tion on acreage used for livestock raising on private lands. 

Intensive Recreation: This category is intended to describe areas

whose major purpose is recreational use, and where such use is

significant enough to generate changes in the condition of the

area. To adequately report on such areas, a definition needs to be

devised based on factors such as levels of recreation use or num-

ber and type of recreational facilities in an area.
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Energy and Mineral Development: As with recreation, adequate

reporting on areas used for energy and mineral development

requires a definition that accounts for the areas directly affected

(e.g., drilling pad area, mine pits, tailings ponds) as well as nearby

areas with visual, noise, dust, and other impacts. 

Rural Residences: As with other categories, adequate reporting

of this indicator component would require adoption of thresholds

that identify a class of lands with low-density rural residence

development. These areas are less dense than what most people

would consider “suburban” but would have to be distinguished in

some manner from truly rural, very low density development.

The target for this component is often described as “ranchette”

development. 

“Protected Areas”: Identifying protected areas will require adop-

tion of a standard that distinguishes certain public or private lands

based on their legal status or management practice; lands that are

managed primarily in order to maintain biodiversity and natural

processes should be included. Several categorization approaches

have been developed including the World Conservation Union’s

six-category approach (see http://wcpa.iucn.org/wcpainfo/

protectedareas.html) and the Gap Analysis Program’s manage-

ment status four-category scheme (http://www.gap.uidaho.edu/). 

A dataset being developed for this purpose will report the acreage

of lands according to a system of categorizing management inten-

sity developed by the U.S. Geological Survey Gap Analysis

Program (see http://www.gap.uidaho.edu/handbook/Stewardship/

default.htm). This database is currently under development by the

Conservation Biology Institute in conjunction with the USDA

Forest Service; see http://www.consbio.org/cbi/what/pad.htm.

In addition to developing definitions for these categories,

mechanisms should be developed for the accounting of the

acreage in each category and changes in these areas over time.

Area and Size of Grassland and
Shrubland Patches

T h e  I n d i c a t o r
This measure would report the percentage of grasslands and

shrublands in patches of different sizes. Patch sizes and percent-

ages would be reported separately for grasslands and shrublands.

The patch sizes for this indicator are as follows: less than 10

acres, 10–99 acres, 100–999 acres, 1000–9,999 acres, and 10,000

acres or greater.

Species and ecosystem processes are sensitive to spatial het-

erogeneity. Landscape diversity is an important component of

species diversity, habitat conservation, and human health. While

much research has been undertaken to determine these relation-

ships in forested ecosystems, there is general agreement among

grass/shrub experts that such spatial patterns are important in

grasslands and shrublands as well. For example, in the sage-

brush/grassland mosaic of western intermountain basins, fuel

buildup after a period of minimal grazing and sufficient rainfall

creates highly flammable conditions. When a fire does occur, the

sagebrush is greatly reduced in abundance because it cannot

sprout, unlike nearly all the grassland plants. Grassland expands,

reducing the area of habitat for sagebrush-dependent species. 

T h e  D a t a  G a p
High-quality satellite data provide an excellent baseline to assess

future changes in patch sizes. Many of the indicators in this report

are based on data from the National Land Cover Dataset, produced

by a federal interagency consortium including the U.S. Geological

Survey, the USDA Forest Service, the National Oceanographic and

Atmospheric Administration, and the U.S. Environmental

Protection Agency (see http://www.epa.gov/mrlc/

nlcd.html and the technical note for the national extent indicator, p.

207). It is expected that satellite data will be used for this indicator.

However, the software currently available for analyzing

patch size characteristics was developed for use on relatively small

landscape areas. It is not designed, and cannot be used, to process

datasets as large as are required for this indicator. An alternative

approach involves analyzing patch characteristics for smaller

landscape areas (such as 7.5 x 7.5 km), then combining the statis-

tics on these many individual areas to describe much larger areas,

such as ecoregions. However, in this approach, any patch that

crosses the boundary of one of the 7.5 by 7.5 km squares is not

accurately represented, because a portion is in one square and a

portion is in the adjoining square. This is referred to as a right-

censored distribution and will provide consistent underestimates

of the number of larger patches. 

In addition, the indicator should distinguish between lands

that have been altered (e.g., cultivated and seeded for pastures)

and more “natural” lands; only patches of the more natural grass-

lands and shrublands would be included.

R e f e r e n c e s
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82. New York: Springer-Verlag.

Nitrate in Groundwater

T h e  I n d i c a t o r
The sources cited below provide additional information regarding

the choice of nitrate as an appropriate and sensitive indicator of

ecological condition (Smith et al. 1997), how vegetation composi-

tion, activity, and management affect nitrate concentrations in soil

water, seeps, and streams (Ramundo et al. 1992, Tate 1990), and

the relationship between soil texture and types and abundance of

carbon sources (Nolan and Stoner 2000).

T h e  D a t a  G a p
Data on nitrate concentration in groundwater need to be collected

and reported in a consistent fashion across a broad and representa-

tive set of grassland and shrubland areas. Nitrate measurement is

simple, straightforward, and largely unchanged since measure-

ments began more than 100 years ago. Because many usable wells

already exist, on both public and private lands, the cost of sam-

pling and analysis is the primary factor limiting current efforts. 

In addition, careful searching of federal, state, county,

municipal, and private records could produce a valuable historical

archive that would serve as a baseline against which to compare

current conditions. 

The technical note for indicators describing nitrate concen-

trations in forested, farmland, and urban/suburban areas (see p.

232) provides information on the U.S. Geological Survey
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National Water Quality Assessment program, which is a potential

future source of data for this indicator. 
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In D.D. Smith and C.A. Jacobs (eds.), Proceedings of the
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prairie streams. Ecology 71: 2007–2018.

Carbon Storage

T h e  I n d i c a t o r
This indicator seeks to track long-term changes in carbon seques-

tration in grasslands and shrublands. Measurements of this indica-

tor through time can provide information on whether the ecosys-

tem is a net source or a net sink of atmospheric carbon dioxide.

An ecosystem accruing carbon is one contributing to a reduction

in greenhouse gases. White et al. (2000) have estimated that

grassland ecosystems worldwide store an amount of carbon that is

about half of that stored by the world’s forests and roughly equiv-

alent to that stored by agricultural systems. 

An ecosystem not changing in carbon content, but also not

producing high inorganic nitrogen exports, is likely a late-succes-

sional, mature system possessing high biotic diversity. Systems

containing high amounts of carbon are often associated with high

levels of ecosystem services (i.e., responsible for clean air and

clean water). 

The minimum data that are required for this indicator are

percentage soil organic matter (SOM) in surface soil layers and

carbon stored in plant material, estimated on an area basis. Soil

measurements provide an excellent index of both potential soil

fertility and nitrogen storage. Soil carbon storage is the net accu-

mulation of (mostly dead) plant matter. It represents the net accu-

mulation of carbon inputs (plant production) minus all sources of

organic carbon loss. Changes in soil carbon storage can be caused

by changes in climate, changes in atmospheric chemistry, or

changes in the abundance and species composition of the vegeta-

tion. Plant carbon storage varies annually while soil carbon stor-

age changes at longer time scales.

T h e  D a t a  G a p
Data are not currently available to provide systematic monitoring

and reporting of soil and vegetation carbon. There are, of course,

many research sites at which such information is collected. Soil

carbon can be found at substantial depths, although routine sam-

pling of soils to such depths is uncommon. A variety of available

models can estimate total soil carbon storage from surface meas-

urements of SOM and estimate plant carbon from above-ground

vegetation measurements. However, there is a serious concern

about the use of single-point estimates to represent large areas.

Some procedures for establishing the representativeness of sites

will be required. Intensive, long-term data are available from the

Long Term Ecological Research (LTER) sites, including those in

Alaska, Michigan, Minnesota, Kansas, Colorado, and New

Mexico (there are two sites in New Mexico). Such sites could

provide substantial validation for more widely dispersed measure-

ments. Relatively long-term alpine and arctic tundra SOM data

are available from LTER sites as well. See http://lternet.edu/sites/

for additional information and links to the LTER network. 
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Number and Duration of Dry Periods in
Grassland and Shrubland Streams

T h e  I n d i c a t o r
This indicator has two aspects: (1) the percentage of streams with

at least one day of no flow (also referred to as zero flow) in a year

and (2) for sites with at least one day of zero flow, the duration of

zero flow events, compared to a long-term average (50 years in

this case). Together, these two variables help describe both the fre-

quency and duration of zero-flow events. Changes in either of

these could have significant effects on aquatic and riparian species. 

Relatively intact/undisturbed watersheds (including their

upland, riparian, and wetland components) are capable of main-

taining the maximum duration of streamflow their climates will

support. When soil conditions and the kinds and proportions of

vegetation promote the infiltration of moisture falling in the

watershed, and when evapotranspiration and groundwater

recharge are in balance, rapid loss of moisture to overland flow is

minimized and long-duration, frequently perennial (i.e., year-

round) flow is maintained. Intact riparian areas and wetlands are

capable of retaining water during high-flow periods and metering

out stored moisture during periods of low flow—further support-

ing longer duration, or perennial flow.

Conversely, the increase of impervious surfaces through soil

compaction or development and/or the loss of protective vegetation

result in increased overland flow and rapid runoff events—deplet-

ing moisture storage to maintain long-duration flows. Improved

management of grazing that promotes stream-side vegetation can

lead to increased stream flow. In contrast, moisture loss from exces-

sive evapotranspiration caused by plant community imbalances can

also reduce the amount and duration of stream flow—this is attrib-
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uted to encroachment of pinyon-juniper woodlands, Western

juniper, and other species that are not actively managed. 

Changes in annual weather patterns or long-term climatic

changes also influence streamflow quantity and flow duration.

T h e  D a t a
Data Source: Data reported here are from the U.S. Geological

Survey (USGS) stream gauge network. USGS has placed stream

gauges and maintained flow rate records throughout the United

States since the end of the 19th century.

Data Collection Methodology: Stream gauging data are collect-

ed using standard USGS protocols. 

Data Manipulation: The goal of the initial data manipulation

was to identify stream gauges in watersheds where more than 50

percent of the land cover is grassland or shrubland. Each site was

referenced to a watershed cataloguing unit (known as a 4-digit

Hydrologic Unit Code, or HUC4) using latitude and longitude.

Grassland and shrubland were defined using the National Land

Cover Dataset (see http://www.epa.gov/mrlc/nlcd.html) using land

cover categories 51 (shrubland), 71 (grassland/herbaceous), and

31 (bare rock, sand, clay) (see http://www.epa.gov/mrlc/

classes.html and the technical note for the national extent indica-

tor, p. 207). The HUC4s were also paired with their correspon-

ding ecoregions (see below for description of the ecoregions

used). Only sites with greater than 50% grass/shrub cover were

used in the analysis.

The number of sites with at least one no-flow day in a year

was determined for each water year from 1950 to 1999. The cor-

responding percentage value for that year was also calculated as

100 x (number of sites/total sites). The percentage values were

then averaged over each decade (i.e., 1950s, 1960s, 1970s, 1980s,

and 1990s). This procedure was followed for all sites with greater

than 50% grassland/shrubland cover as well as for each ecoregion.

For the analysis of duration of zero-flow, only sites with at

least one no-flow day in each decade between October 1, 1949,

and September 31, 1999, were considered. The analysis deter-

mined whether there was a substantial increase, substantial

decrease, or minimal change in the number of no-flow days, com-

pared to the long-term (50-year) average for each stream. These

categories are defined by the percent change in average zero-flow

days, as compared to the long-term average, on a stream-by-

stream basis. Thus, a “substantial increase” is defined as an

increase of more than 100 percent in the duration of zero flow, or

a change from perennial (no zero-flow) to intermittent. Likewise,

a “substantial decrease” is defined as a decrease of at last 50 per-

cent in the duration of zero flow, or a change from intermittent to

perennial. “Minimal change” is defined as anything between a

100% increase and a 50% decrease.

Ecoregions: This indicator is reported using an ecoregional

approach developed by the USDA Forest Service (Bailey 1995).

The Bailey system has several levels into which the United States

may be divided, based on dominant biological and physical attrib-

utes. The scheme has three domains, 13 divisions, and 52

provinces. We have chosen to report this indicator on the basis of

divisions. We selected three major suites of Bailey’s divisions: 

• Desert shrub ecoregion, composed of the following Bailey’s

divisions: 320 (tropical/subtropical desert division), M320

(tropical/subtropical desert division—mountain provinces),

340 (temperate desert division), M340 (temperate desert

division—mountain provinces)

• Grassland/steppe ecoregion, composed of the following

Bailey’s divisions: 250 (prairie division), 330 (temperate

steppe division), M330 (temperate steppe division—moun-

tain provinces), 310 (tropical/subtropical steppe division)

• California/Mediterranean, composed of the following

Bailey’s divisions: 260 Mediterranean division, M260

(Mediterranean division, mountain provinces)

See http://www.fs.fed.us/colorimagemap/ecoreg1_

divisions.html for full definitions and a map showing the

individual divisions.

Data Access: The data records used in this study are available on

the Internet in the form of daily streamflow values reported as the

average volume of water per second over a 24-hour period

(http://water.usgs.gov/nwis/discharge).
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Depth to Shallow Groundwater

T h e  I n d i c a t o r
Shallow aquifers, or deeper regional aquifers where shallow

aquifers do not exist, are often the water source for the mainte-

nance of riparian and wetland ecosystems (Dawson and

Ehleringer 1991, Flanagan et al. 1992). Shallow groundwater is

being increasingly withdrawn for agriculture, urban expansion,

and mining. Reduction in stream flows, which maintain shallow

alluvial aquifers, by dams or other activities also reduces the level

and availability of this important water source (Shafroth et al.

2000). In addition, deep-rooted plants, such as pinyon-juniper

and Western juniper, are capable of lowering shallow aquifers in

the process of transpiration.

Declining groundwater has been shown to affect riparian

ecosystems through a reduction of (1) the shallow water table nec-

essary for recruitment of riparian species and (2) long-term main-

tenance of established woody riparian vegetation. Urban develop-

ment may tap shallow groundwater associated with river basins,

which can cause a gradual decline in associated riparian forests

(Stromberg et al. 1992). Gravel mining may alter the natural gravel

deposits along rivers, causing shallow groundwater to recede,

affecting established riparian vegetation (Scott et al. 1999). 

Streams in arid climates, affected by withdrawal of ground-

water inputs, also show declining vigor of riparian vegetation as

both the alluvial groundwater level declines and stream flow is

reduced (Stromberg et al. 1996). Shallow groundwater decline is

often a long-term phenomenon because it is usually caused by a

gradual withdrawal of water from the shallow aquifer which may

continue to be recharged, although inadequately, by stream
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inflows or from deeper aquifers. If the source of water replace-

ment is affected, shallow aquifers, which are the primary water

source for springs, seeps, wetlands, potholes, and riparian areas

and which in some cases support declining ecosystems, will thus

not be replenished. 

Shallow groundwater depths are often used to determine

long-term cumulative effects of groundwater withdrawal by agri-

culture, mining, or urban expansion. Urban expansion in the

Great Basin has resulted in water claims on both shallow and

deep aquifers. Modeling of this potential withdrawal shows that

the shallow water table may decline by 1–3 m (Schaefer and

Harrill 1995), a result that would drastically impact the isolated

desert springs, the only water source for domestic livestock and

wildlife in these areas. Decreasing aquifer volumes and dropping

water tables also add to energy costs of water withdrawal, suffi-

ciently so to cause decline or termination of regional agriculture

in arid regions of the United States.

The technical note for Number and Duration of Stream

Flow (immediately preceding this technical note) also provided

relevant perspective on the interaction between groundwater, sur-

face water, and land use. 

T h e  D a t a  G a p
Although depth to deep groundwater or the regional aquifer is

regularly measured in monitoring and functioning wells across the

country and the data are reliable and maintained by appropriate

agencies, these data have not been integrated either for the grass-

land/shrubland region or nationally (see groundwater indicator in

freshwater chapter, p. 151; and USGS 1997).

Data on shallow aquifers are quite limited. Depths for shal-

low aquifers (e.g., groundwater under riparian communities) and

deeper regional aquifers are usually treated separately. The limit-

ed shallow aquifer data from the U.S. Geological Survey and

many academic and agency research projects dealing with rivers

and adjacent floodplains (see citations above) may also be good

sources for regional shallow groundwater data. 
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At-Risk Native Species

See the technical note for the core national at-risk species indica-

tor (p. 214).

Non-native Plant Cover 

T h e  D a t a  G a p
Data from various sources must be evaluated and synthesized to

provide regional and national estimates of the area occupied by

non-native plant species. There are numerous federal, state, and

local government programs that collect relevant information, plus

important efforts in nongovernmental organizations and academ-

ic institutions that could contribute to reporting on this indicator.

A recently established consortium includes representatives

from the U.S. Geological Survey, the U.S. Fish and Wildlife

Service, National Aeronautics and Space Administration, USDA

Forest Service, The Nature Conservancy, Colorado Natural

Heritage Program, USDA Animal Plant and Health Inspection

Service, National Park Service, Bureau of Land Management,

Colorado State University, the Biota of North America program

(University of North Carolina), and others. This initiative, titled

“One if by Land, Two if by Sea,” will attempt to better coordinate

and synthesize existing data on non-native species in the United

States. Coordination for this initiative is being provided by Tom

Stohlgren, USGS Natural Resources Ecology Laboratory,

Colorado State University, Fort Collins, CO 80523,

tom_stohlgren@USGS.gov. 

Many agencies of the Departments of Interior and

Agriculture, as well as state and local governments, nongovern-

mental organizations, and universities, collect important data on

invasive plants in grassland and shrubland regions. Several exam-

ples of such programs are listed below. 

The USDA Forest Health Monitoring program

(http://www.na.fs.fed.us/spfo/fhm/), for example, collects plant

cover data in forests throughout the United States, and the pro-

gram is expanding to include grasslands and shrublands in some

areas. 

• U.S. Department of Agriculture’s Center for Plant Health

Science and Technology, a part of the Animal and Plant

Health Inspection Service’s Plant Protection and Quarantine

program, maintains the Federal Noxious Weeds Database,

which provides descriptive and some distributional data on

many recognized invasive plants (see http://www.inva-

sivespecies.org/fedweeds.html). The distribution data for the

Federal Noxious Weeds Database (which provides data up to

1999) are from the Synthesis of the North American Flora

by John Kartesz (North Carolina Botanical Garden,

University of North Carolina) and Christopher Meacham

(Jephson Herbarium, University of California, Berkeley).

The Synthesis is available as an interactive database on CD-

ROM (see http://www.bonap.org/synth.html for ordering

information). It provides information at state level, although

the program from which it was generated also maintains
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county-level data for 44 states (see www.bonap.org/

summary.html). 

• The University of Montana maintains the INVADERS data-

base, which covers five northwestern states (Oregon,

Wyoming, Montana, Idaho, and Washington) with informa-

tion at county level. INVADERS may be accessed at

http://invader.dbs.umt.edu/.

• The U.S. Geological Survey has initiated the Southwest

Exotic Plant Mapping Program, or SWEMP, which is

designed to develop a regional database of exotic plant dis-

tributions for the Southwest (Arizona, New Mexico, and

Colorado Plateau portions of Utah and Colorado). Some

data are available at http://wapiti.wr.usgs.gov/swepic/.

Standardized field techniques should be adopted to create compa-

rable data that can be synthesized. These extensive field datasets

must be linked to high-resolution maps of vegetation, soils,

topography, and land use to achieve reliable national coverage.

Population Trends in Invasive and
Non-Invasive Grassland/Shrubland Birds

T h e  I n d i c a t o r
This indicator reports the change in population of invasive and

native, non-invasive grassland/shrubland birds. The invasive birds

include both non-native birds and some native birds that spread

aggressively because of a favorable change in conditions. The

non-invasive birds are native birds that depend on high-quality

native grasslands and shrublands.

There was some interest in separating the groups of this indi-

cator by native/non-native; however, given the low number of

birds involved, a decision was made to maximize the number of

species in each group to improve the statistical reliability of the

results. Thus, both natives and non-natives were included in the

invasive category.

T h e  D a t a
Data Source: This indicator incorporates population trend esti-

mates for 15 invasive non-native and 35 native grassland bird

species. Estimates are based on data collected for the North

American Breeding Bird Survey (BBS), and were obtained from

the Patuxent Wildlife Research Center (PWRC), United States

Geological Survey, U.S. Department of the Interior. Trends were

estimated for BBS Physiographic Strata (regions) 6–8, 32–56 and

80–91, in seven 5-year intervals from 1966 to 2000

(http://www.mbr-pwrc.usgs.gov/bbs/physio.html).

Following is a list of the invasive species included in this indi-

cator and the reason the species is considered invasive: American

crow, habitat conversion to agriculture; American robin, habitat

fragmentation due to suburban development; black-billed magpie,

habitat conversion and fragmentation; bronzed cowbird, forage in

association with livestock; brown-headed cowbird, forage in asso-

ciation with livestock; cattle egret, Old World native, habitat con-

version to agriculture, and forage in association with livestock;

common grackle, habitat fragmentation and conversion to agricul-

ture; European starling, Old World native; gray partridge, Old

World native, habitat conversion to agriculture; great-tailed grack-

le, habitat conversion to agriculture; house finch, habitat fragmen-

tation due to suburban development; house sparrow, Old World

native; mourning dove, habitat conversion and fragmentation;

ring-necked pheasant, Old World native, habitat conversion to

agriculture; and rock dove (domestic pigeon), Old World native,

habitat conversion, and fragmentation.

Native, non-invasive species, which are restricted to those

native species known to be dependent upon relatively intact and

high-quality native grasslands and shrublands, included Baird’s

sparrow, black-throated sparrow, LeConte’s sparrow, bobolink,

loggerhead shrike, Brewer’s sparrow, long-billed curlew, burrow-

ing owl, McCown’s longspur, Cassin’s sparrow, mountain plover,

chestnut-collared longspur, northern harrier, common nighthawk,

prairie falcon, dickcissel, sage grouse, eastern meadowlark, sage

sparrow, ferruginous hawk, sage thrasher, golden eagle, savannah

sparrow, grasshopper sparrow, sharp-tailed grouse, greater prairie

chicken, Sprague’s pipit, Henslow’s sparrow, Swainson’s hawk,

horned lark, upland sandpiper, lark bunting, vesper sparrow, lark

sparrow, and western meadowlark. 

Data Collection Methodology: The BBS is jointly coordinated

by the PWRC and the Canadian Wildlife Service, Environment

Canada. It is conducted along randomly located routes on sec-

ondary roads throughout the contiguous United States and south-

ern Canada. Routes are 24.5 miles long, with 50 survey points at

0.5-mile intervals. Observers survey each route annually during

June (May in some southern states and desert areas). At each sur-

vey point, the observer counts all birds seen or heard within a

0.25-mile radius during a 3-minute census. The first BBS routes in

1966 were run only east of the Mississippi River. The BBS was

extended to the central United States in 1967, with full coverage

of the contiguous United States by 1968. The number of BBS

routes has increased over time, so recent years provide more com-

prehensive data than early years. Summaries of the BBS method-

ology are provided by Peterjohn and Sauer (1993) and Sauer et al.

(2000a,b), and a review of the program is provided by O’Connor,

et al (2000). 

Data Manipulation: W. Mark Roberts, an independent

researcher, obtained trend estimates (change in population size as

a percentage per year) for each species in each physiographic stra-

tum (region) and time interval from a server program provided by

John R. Sauer at PWRC (http://www.mbr-pwrc.usgs.gov/bbs/

trend/tfmb.html). The program uses an “estimating equations esti-

mator” (described in Link and Sauer 1994) to calculate each stra-

tum’s trend estimate from individual route data. Dr. Roberts per-

formed subsequent manipulations: To reduce the influence of less

reliable estimates, each stratum estimate was weighted toward the

survey-wide estimate, proportionately to the variances of both

estimates. Weighting used an empirical-Bayes formula (Equation 1

in Link and Sauer 1996). The mean of the variance-weighted stra-

tum estimates was calculated for each species and time interval.

The summary indicator is the proportion of species with positive

(increasing) mean variance-weighted estimates. To compare native

with invasive birds, Yates-corrected Chi-square statistical tests

were performed on the frequencies of positive and negative mean

variance-weighted estimates.

Data Quality/Caveats: Bird species differ in habits, habitat,

abundance, and range, all factors that may bias trend estimates for

certain species more than for others (see Droege 1990 and

http://www.mbr-pwrc.usgs.gov/bbs/introbbs.html). The BBS

methodology and data have been subjected to peer review, results

of which are available at http://www.mp2-pwrc.usgs.gov/bbs/

T e c h n i c a l  N o t e s

The State of the Nation’s Ecosystems: Technical Notes262



bbsreview/. The trend analysis program (Sauer and Hines 2001)

and manipulations performed by Dr. Roberts are based on peer-

reviewed methodology. Output of these manipulations has not,

however, been independently verified.

Data Access: Trend estimates are the output of a draft program

(http://www.mbr-pwrc.usgs.gov/bbs/trend/tfmb.html), placed on

the PWRC server but not linked to public pages. Though accessi-

ble without charge, this program should not be used without per-

mission from John R. Sauer at PWRC. 
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Fire Frequency 

See the technical note for the forest fire frequency index indica-

tor, p. 243.

Riparian Condition 

T h e  I n d i c a t o r  
The indicator would report on the ecological integrity or health of

riparian ecosystems, including both physical and biological factors. 

The number and quality of streams and rivers and their associ-

ated riparian areas are a function of watershed conditions.

Consequently, the condition of riparian areas may be useful as an

indicator of ecological alterations of grassland and shrubland water-

sheds. For example, if land cover is altered, the stream flow may

also be altered, changing the geomorphology of the river channel

and influencing riparian dynamics. Regulation of rivers by dams

and other flow-altering devices also influences downstream condi-

tions, including streambank erosion and river meandering, sedi-

ment aggradation and seedbed development, and natural recruit-

ment of riparian vegetation. Local land use within a floodplain,

such as agriculture, grazing, and urbanization, may also greatly

influence the condition of riparian ecosystems. In turn, riparian sys-

tems also influence hydrogeomorphic processes by trapping sedi-

ment and modifying flood flows and groundwater recharge. 

T h e  D a t a  G a p
Several measures are being used nationally, but no “simple” index

has received general acceptance among the research community.

An appropriate “Index of Riparian Integrity” still needs to be

fully developed. Several federal agencies use a combined qualita-

tive metric called Proper Functioning Condition (PFC) when eval-

uating riparian systems (see Bureau of Land Management 1993).

However, PFC is primarily hydrogeomorphic and includes little

of the biological conditions such as species composition, age class-

es, understory condition, canopy condition, and successional

processes. Another methodology developed in the past few years

is the Hydrogeomorphic Methodology (HGM) (Brinson 1996,

Smith et al. 1995). This methodology uses a complex of indices

for hydrology, geomorphology, land use, biology, and other

aspects to create a single index for the riparian system. It is com-

plex, but a simplified version might be developed for broad-scale

application. Yet another, simpler method is one that relies on

satellite data (Iverson et al. 2001).

Aspects of the riparian condition that can be measured on a

regional basis and that should be considered in any multi-metric

index include hydrology (e.g., relationship to natural flow patterns),

geomorphology (e.g., stream sediment transport), and biology (e.g.,

canopy cover condition; percentage of potential recruitment or suc-

cessional measures; canopy diversity, or coverage of point bars).

Many of these aspects either are being measured now or could be

measured as part of a national riparian evaluation system. 

Once an index is developed, it would be applied within a

sampling design that would allow estimation of the conditions on

all streams within a region. Thus, for example, such an approach

might provide estimates of the number of miles of stream with

“riparian condition index” that is “high,” “medium,” or “low,”

each of these being within a selected numerical range of the index.
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Production of Cattle

T h e  I n d i c a t o r
This indicator reports on the U.S. cattle and calf inventory not at

feedlots in July of each year. It is assumed these cattle are grazing

on grasslands and shrublands (including pasture) because they

are not at feedlots. Note that cattle will spend some time during

the summer months in woodlands or forests if they are available;

it is uncertain how this complication would affect the data

reported here.

T h e  D a t a
Data Source: Data presented here are from the U.S. Department

of Agriculture National Agricultural Statistics Service (NASS).

NASS conducts annual surveys of livestock herd sizes during

January and July. 

Data Manipulation: Cattle numbers on grasslands/shrublands

were estimated by subtracting the number of “cattle on feed”

from total cattle (“all cattle”) numbers in July. Total cattle num-

bers include cows that have calved, bulls, heifers, steers, and

calves. Most calves have not weaned by July; however, increased

forage consumption by lactating cows compensates for this appar-

ent overcounting of animals. The number of cattle on feed

includes steers, heifers, cows, and bulls.

In winter, some cattle are placed on croplands to consume

plant products and seeds left behind. More important, the quanti-

ty and quality (digestibility and amount of protein) of grass plants

decline substantially in winter, so the forage supply on grasslands

and shrublands is inadequate. Thus, in many parts of the country,

ranchers must feed hay to cattle in winter. 

Data Caveats/Quality: It is known that cattle will spend some

time during the summer months in woodlands and forests. The

effect that this caveat might have on the indicator is unknown. 

Another caveat involves the fact that the indicator reports

the number of cattle rather than the weight of cattle. The average

weight of cattle may change over time, so the same herd size may

involve more or fewer pounds of livestock. If such changes occur,

this indicator may over- or under-represent the production of

livestock. 

Data Availability: These data are available at http://

www.nass.usda.gov:81/ipedb/cattle.htm. This site allows the user

to retrieve selected data for selected years from the NASS data-

base. To obtain the total cattle July inventory, select “Inventory by

Class, July 1” for years of interest. To obtain data on cattle on

feed, select “cattle on feed, July 1” (data availability begins in

1994). In obtaining the data reported here, the “cattle on feed”

data were subtracted from the “cattle and calves-all” column of

the cattle inventory data set. These data were accessed October

25, 2001. 

Data from the July inventory are available for a longer time

series than is presented here, but comparable data on cattle on

feed are not. In addition, data from the January inventory are

available for both the total inventory and cattle on feed. However,

these data are not believed to represent cattle on grasslands and

shrublands, and thus are inappropriate for this indicator. 

Data on the value of the U.S. cattle inventory are from

NASS, 2000 Agricultural Statistics (www.usda.gov/nass/pubs/

agr00/00_ch7.pdf).

Data on longer term trends in cattle inventory are from the

NASS database Web site noted above. The January cattle invento-

ry was inspected for the period from 1960 to 2000 and showed a

high of 132 million in 1975. As noted, this inventory is not com-

parable to the July inventory, and can be used only to suggest

long-term trends in cattle herd size.

Recreation on Grasslands and Shrublands

There is no technical note for this indicator.

Urban and Suburban Areas

Area of Urban/Suburban Lands

T h e  I n d i c a t o r
This indicator reports the total number of acres that are classified

as “urban and suburban” and the amount of the various “undevel-

oped” land cover types within these areas. More detail is provid-

ed below, but “urban and suburban” is defined here as land that is

substantially covered by one of the following land cover types:

low-intensity residential, high-intensity residential,

commercial–industrial–transportation, or urban and recreational

grass. These categories are based on remote-sensing classification

of land cover and are defined at http://landcover.usgs.gov/

classes.html and http://www.epa.gov/mrlc/classes.html.

It was our intent that urban and suburban areas should

include all major metropolises and their outlying suburbs as well

as smaller settlements across the country that have a similar char-

acter even though they may not be adjacent to a metropolis. Our

goal was to define those areas across the United States that should

be classified as “urban and suburban”; The Heinz Center exam-

ined several possibilities before choosing the approach used here.

The use of the Census Bureau’s metropolitan statistical areas

(MSAs) was the coarsest approach considered. MSAs include

entire counties (or cities and townships in New England) rather

than only the large urban centers and those outlying areas that are

connected to them in some fashion. In the West especially, vast

counties are included in MSAs even though only a fraction of the

county area is actually urban or suburban. MSAs account for

about 20% of the land area of the lower 48 states; The Heinz

Center believes this is a significant overestimate of the area cov-

ered by cities and suburbs.

Urbanized areas (UAs), also defined by the Census Bureau,

offer a more refined but still incomplete solution. Metropolises

and their outlying areas are included in UAs, but smaller settle-

ments, which share many of their characteristics with suburbs, are

not included. A drawback to using UAs is that they are deter-

mined in part by political/jurisdictional boundaries, in addition to

the degree of development. A potentially larger confounding issue

is that the rules for delineating UAs have changed significantly

since their first use in 1950. The Census Bureau is well aware of
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this shortcoming and will be releasing newly constructed UA

boundaries in early 2002. The U.S. Department of Agriculture

(USDA) Economic Research Service (ERS) has estimated urban

land area since 1950. ERS’s estimate has incorporated the area of

UAs as well as the amount of area in Census-defined “places” that

have a population of at least 2,500 people. We have used ERS’s

estimate to gauge the change in urban land area over time in the

national extent indicator (p. 40); however, due to the limitations

of UAs we chose not to rely on these estimates exclusively to

define urban/suburban areas.

A third and still more refined option considered would have

relied totally on Block Groups (BGs), which are small regions

based on political boundaries within which the Census Bureau

counts the population. It would be possible to choose a density

threshold—1000 people per square mile is generally accepted as

“urbanized” by the Census Bureau—and define those BGs that

meet or exceed this density as urban and suburban. A shortcom-

ing of this approach is that BGs dominated by warehouses or rail-

road yards, for example, which are certainly urban in character,

would be excluded because of their low population densities. As is

discussed below, the approach chosen for this indicator does,

indeed, include most BGs with densities at or above 1000 people

per square mile.

A fourth option was to adopt the estimates for developed

lands made by the USDA Natural Resources Conservation

Service’s National Resources Inventory (NRI). The definitions

used by the NRI agree, in principle, with those for urban/subur-

ban lands. However, NRI reports on any and all developed

areas—including those down to about one-quarter acre. In con-

trast, this project focuses on those areas with sufficient density

and size to qualify as “suburban” in character, as well as areas that

are undeniably “urban.” As noted below, this project’s definition

requires an area to be at least 270 acres in size before it is includ-

ed within the “urban/suburban” definitions. In addition, the NRI

data are derived from a statistical sampling rather than a cata-

loging of all developed lands. Thus, it would not have been possi-

ble to delineate individual urban/suburban areas on a map (as is

done along with the national extent indicator), which would be

necessary to implement several of the other indicators included in

this report. 

The approach adopted here (see “Data Manipulation”

below) uses satellite data to classify land cover. The advantage of

this method is that it includes virtually all the BGs with at least

1000 people per square mile, as well as other developed but light-

ly populated land, such as warehouse districts. In addition, by

overlaying BGs on the urban/suburban areas, it was possible to

estimate that about 75% of the 1990 population lived in these

areas (note that the data used to generate urban/suburban areas

came from 1992). As described in more detail below, a series of

steps have been used to define the outlines of urban and suburban

areas based on four different satellite land cover classifications.

A potential shortcoming of using a satellite-based approach

rather than a delineation based in Census data is that it will be

more challenging to correlate environmental quality trends like

air and water quality with human demographic and health data.

However, a geographic information system (GIS) can be generat-

ed to associate Census BGs, for example, with urban/suburban

areas. This would permit such correlations to be done for studies

of demographics and human health.

It may be useful in future editions of this report to consider

presenting the data on urban/suburban lands based on the number

of people associated with them. This would require shifting prior-

ities for the indicator and a GIS analysis as described above. Also,

as data become available, it would be good to add the proportion

of native and non-native species to the graph showing the compo-

sition of the undeveloped portion of urban and suburban lands.

T h e  D a t a
Data Source: Satellite data are derived from the National Land

Cover Dataset (NLCD), a product of the Multi-Resolution Land

Characterization (MRLC) Consortium, which is a partnership

between the U.S. Geographical Survey (USGS), the U.S. Forest

Service, the National Oceanographic and Atmospheric

Administration (NOAA), and the Environmental Protection

Agency (EPA) (see http://www.epa.gov/mrlc/ or http://

landcover.usgs.gov/nationallandcover.html).

Data Collection Methodology: Please refer to the national

extent indicator technical note (page 207) for a discussion of the

NLCD.

Data Manipulation: The NLCD divides the lower 48 states of

the United States into several billion square pixels that are about

100 feet on a side. The data presented for this indicator are based

on analysis of larger pixels (1000 ft on a side), each of which con-

tains 100 of the smaller pixels. The first step was to classify any

1000-ft pixel as urban and suburban if a majority of the 100-ft

pixels within it fell into one of the four “developed” land cover

types available in the NLCD: low-intensity residential, high-inten-

sity residential, commercial–industrial–transportation, or urban

and recreational grasses. Very large aggregates of the 1000-ft pix-

els, which were found for metropolises such as New York City,

were “smoothed” to some degree; that is, small clusters of “unde-

veloped land” pixels that were wholly included within a metropo-

lis were subsumed in the urban and suburban areas. Other clusters

of undeveloped-land pixels within an urban and suburban area,

although connected to the perimeter by one or more pixels on a

diagonal, were also included in the urban and suburban area. For

clusters of developed-land pixels to be counted as urban/suburban

in outlying areas, at least 13 of the 1000-ft pixels had to touch at

their sides or corners for a minimum size of 270 acres.

The final step for this indicator was to evaluate the propor-

tion of different land cover types within the 1000-foot pixels.

This process yielded estimates of the amount of both developed

land and undeveloped land (in several categories) by region. 

Data Quality/Caveats: It is important to note that the methods

used to establish the NLCD relied on two different satellite

images of a given area, plus ancillary data. An image taken during

the “leaf-off ” period in the late fall to early spring was often more

important to the classification process than the fully vegetated

image. This was especially true in urban settings with a good deal

of tree-lined streets; the foliage of deciduous trees should not

have obscured the constructed surfaces during the leaf-off period

and, therefore, should not have led to an underestimate of devel-

oped lands in these regions.

Given that the method used here to establish urban/suburban

areas is based on square pixels that are roughly 100 feet on a side,

some detail would have been missed in a typical urban setting.

Specifically, the trees on a tree-lined streets would most likely not

be distinguished from the street and sidewalk. However, a large
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expanse of trees, such as a heavily wooded median strip or a small

park, may well have been classified as forest.

Data Access: All these analyses were conducted at the Land

Cover Applications Center at USGS’s Earth Resources

Observations Systems Data Center. The raw data from which this

indicator was developed are available at no cost from the MRLC

Consortium (http://edcwww.cr.usgs.gov/programs/lccp/

mrlcreg.html), but vast computing power was necessary for this

analysis. Note: The data available at the Web site listed here are

the “raw” data from which estimates of urban/suburban area, and

the size of natural areas within, were prepared. The actual data

presented in this report were prepared specially for The Heinz

Center for this report.

Suburban/Rural Land Use Change

There is no technical note for this indicator. 

Patches of Forest, Grasslands and
Shrublands, and Wetlands

T h e  I n d i c a t o r
Undeveloped land in urban and suburban areas was analyzed to

identify patches of natural land. “Natural” is defined to include

all lands that have been classified in the extent indicator as any of

the following: forests, grasslands and shrublands, or wetlands.

The indicator presents the size distribution of contiguous patches

composed of any of these land cover types, or combinations of

them, by region.

There is a generally understood “rule” among conservation

ecologists that smaller patches of habitat generally provide lower

quality habitat than larger patches. There is some debate as to

whether this is true for wetlands. There is some evidence that the

quality of the habitat remains fairly constant regardless of its size

(see Gibbs 1993). On the other hand, there is also evidence that

isolated wetlands habitats (i.e., those not surrounded by undevel-

oped upland vegetation) are compromised in their habitat value

(see Calhoun and Klemens, 2002). 

T h e  D a t a
Data Source: Satellite data are derived from the National Land

Cover Dataset (NLCD), a product of the Multi-Resolution Land

Characterization (MRLC) Consortium, which is a partnership

between the U.S. Geological Survey (USGS), the U.S. Forest

Service, the National Oceanographic and Atmospheric

Administration (NOAA), and the Environmental Protection

Agency (see http://www.epa.gov/mrlc/ or http://landcover.usgs.gov/

nationallandcover.html).

Data Collection Methodology: Please refer to the national

extent indicator technical note (p. 207) for a discussion of the

NLCD.

Data Manipulation: Eight of the 21 NLCD classifications were

defined as “natural” for this analysis. These include three classes

considered as “forest” for this report (deciduous forests, ever-

green forests, mixed forests); three types considered as “grass-

lands/shrublands” (shrubland, grasslands/herbaceous, bare

rock/sand/clay), and two wetlands types (woody wetlands, emer-

gent herbaceous wetlands). Patches were defined as collections of

30-meter pixels in any of these eight classifications that touched

one another either on their sides or at their corners. (Patches can

be as few as one or as many as hundreds of pixels.) Data were

processed on a state-by-state basis, and then these data were

grouped based on the four regions. For a given region, the num-

ber of patches of various sizes were counted, thereby creating a

distribution.

Data Quality and Caveats: Data were processed on a state-by-

state basis, which means that in some cases a patch of natural land

may have been broken into two segments at the state boundary by

the analysis process. In addition, natural patches may well extend

beyond the boundary of urban and suburban areas, meaning that

the value reported here would be an underestimate of the actual

size of the patch. Also, the smallest patches cannot be character-

ized by these methods, so estimates of the acreage (and percent-

age of total urban and suburban areas) in the less-than-10-acre

category are an underestimate of the true value. This occurs

because it is difficult to distinguish very small patches (e.g., one to

a few pixels) that are mixed in with developed land cover types. 

Also, the satellite data cannot be used to distinguish between

a parcel of land that has always been grassland/shrubland or wood-

ed and one that was developed but has since reverted to this

apparently natural land cover (e.g., a dump or landfill). It would

be misleading to label such land as “natural.” It is expected that

this mislabeling occurred infrequently; however, it is not possible

to estimate how much of an effect this might have had on the data.

Note: Additional caveats are listed in the technical note for the

Area of Urban and Suburban Lands indicator, p. 264. 

Data Access: All these analyses were conducted at the Land

Cover Applications Center at the USGS’s Earth Resources

Observations Systems Data Center. The data are available

(http://edcwww.cr.usgs.gov/programs/lccp/mrlcreg.html) at no cost

from the MRLC Consortium, but considerable computing power

is necessary to manipulate them. Note: The data available at the

Web site listed here are the “raw” data from which estimates of

urban/suburban area, and the size of natural areas within, were

prepared. The actual data presented in this report were prepared

specially for The Heinz Center for this report.
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Total Impervious Area

T h e  I n d i c a t o r
Perhaps the single most dramatic and pervasive impact of urban-

ization on the functions and values of a watershed is the replace-

ment of the natural landscape with pavement and other water-

impervious (impenetrable) material such as roads, parking lots,

driveways, sidewalks, and rooftops. Increased levels of impervi-
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ous surfaces interrupt the hydrologic cycle, alter stream structure,

and degrade the chemical profile of the water that flows through

streams. These changes affect fish and wildlife in various ways,

and are cumulative within watersheds. Research indicates that

when total impervious area (TIA) in a watershed reaches 10%,

stream ecosystems begin to show evidence of degradation.

Ecological effects become severe as TIA approaches 30% (for

more discussion, see Arnold and Gibbons 1996; Booth and

Jackson, 1997; Schueler 1994; Schueler and Holland 2000).

Effects that have been associated with increases in impervi-

ous area include the following:

• Increases in stream temperature, as rain runs over heated

pavement. During warmer months, water flowing over

impervious surfaces is often 10–12ºF warmer than water

that passes through fields and forests. Higher water tem-

peratures increase the metabolic rates of stream-dwelling

plants and animals, so that an organism living in warmer

water needs more oxygen than the same species in cold

water. Unfortunately, warmer water cannot hold as much

oxygen as cold water.

• Changes in stream flows. Greater stormwater volumes trav-

eling over the surface and being delivered too rapidly to

streams leads to increased stream flashiness and a reduc-

tion in summer base flows, sometimes causing perennial

streams to become intermittent or to dry up completely. As

a result, urbanized watersheds are prone to more frequent

and bigger floods.

• Stream channel modification. The rapid runoff associated

with increased stormwater velocity and volume quickly

erodes and incises the stream channel and banks. Channels

widen and straighten to accommodate higher flows. Ponds,

pools, riffles, and sandbars are simplified or washed away,

eliminating critical habitat for fish, waterfowl, and other

species of animals and plants.

• Increased pollutant loadings. Concentrations of pollutants

in streams increase with increases in impervious area.

Common urban pollutants include pesticides, bacteria,

nutrients such as phosphorus and nitrogen, and other con-

taminants, such as PCBs and heavy metals.

The percentage of impervious surfaces within a watershed is

a good indicator of the degree of urbanization and the associated

negative ecological impacts, but it can be very difficult to meas-

ure. Where such data are available, watershed urbanization is

most often quantified in terms of the proportion of the basin area

covered by impervious surfaces, or TIA.

T h e  D a t a  G a p
Existing data should be examined in order to develop a cost-effec-

tive way of estimating impervious area regionally and nationally.

This may involve the use of new remote-sensing techniques; colla-

tion of existing local information; the use of surrogates, such as

the amount of road surface; or other approaches.
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Stream Bank Vegetation 

T h e  D a t a  G a p  
As discussed on the indicator page, it is not yet clear if this indica-

tor will utilize data collected “on-the-ground” or via remote sens-

ing. Use of satellite data would require acquisition of vegetation

data, perhaps at a resolution finer than that provided by the

National Land Cover Data Set (NLCD), which has 30-m resolu-

tion (see http://www.epa.gov/mrlc/ and the National Extent tech-

nical note, page 207, for more detail). It will also be necessary to

decide how to characterize vegetation, which would probably be

based on the ecological functioning of the cover. For example,

residential lawns function differently from woods or natural

grasslands in the way they shed water, passively clean stormwater

runoff or provide habitat for stream-dependent animals. Secondly,

the vegetation data would have to be merged with data on the

location of streams (probably from the USGS National

Hydrography Dataset (NHD), see http://nhd.usgs.gov/). Stream

location would have to be limited to those segments that are

urban/suburban in nature, which might be achieved by simply

restricting the dataset to those stream and river segments that are

within the urban and suburban areas defined by this project (see

the Area of Urban / Suburban Lands page 181). 

Nitrate in Urban/Suburban Streams

See the technical note for Nitrate in Farmland Streams, p. 232

Phosphorus in Urban/Suburban Streams

See the technical note for Nitrate in Farmland Streams, p. 232

Air Quality (High Ozone Levels)

T h e  I n d i c a t o r
The indicator reports the number of days per year when peak 8-

hour average ozone concentrations exceed 0.08 parts per million

(ppm). When a monitor exceeds this 8-hour average concentra-

tion four or more times per year, an area is likely to be out of

compliance with the National Ambient Air Quality Standard

(NAAQS) for ozone; this standard was chosen by the

Environmental Protection Agency (EPA) to “protect the public

health ... with an adequate margin of safety,” as specified by the

Clean Air Act. Note that the actual calculation to determine com-

pliance with the NAAQS involves calculation of a 3-year average

of the annual fourth-highest daily maximum 8-hour average con-

centration; if this value exceeds 0.08 ppm an area is in violation.

Oxides of nitrogen (NOx), which are byproducts of fossil

fuel combustion, when in the presence of sunlight in the atmos-
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phere, will break apart and generate nitric oxide (NO) and a sin-

gle atom of oxygen (O). This oxygen atom quickly combines with

molecular oxygen (O2) forming ozone (O3). Ozone can oxidize

NO back to nitrous oxide (NO2), which allows the cycle to start

over again. Volatile organic compounds (VOCs), which come

from paints and solvents, unburned fuel, and industrial sources,

factor into the equation because they also can oxidize NO to

NO2. Hence, with both NOx and VOCs present, ozone accumu-

lates in the atmosphere and ultimately poses a threat to human

health, wildlife, pets, and building materials.

T h e  D a t a
Data Source: Data are maintained by EPA in the Aerometric

Information Retrieval System (AIRS). The Clean Air Act requires

every state to establish a network of air-monitoring stations for

pollutants, including ozone, using criteria set by EPA for their

location and operation; there are approximately 1500 ozone

monitors in this network. The states must provide EPA with an

annual summary of results from each monitor. 

Data Collection Methodology: Ozone monitoring instruments

are intended to produce a measurement every hour, for a possible

total of 8,760 hourly measurements in a year. A monitor is con-

sidered operational if it reports a measurement for more than half

the hours in a year.

Data Manipulation: For each of the 1500 ozone monitors

nationwide, EPA provided The Heinz Center with 10 years of

data on the number of days per year that peak 8-hour average

ozone concentrations exceeded 0.08 ppm. Data were not report-

ed for years missing more than half the daily peak concentrations

during the ozone season (typically May through September).

From these monitors, The Heinz Center selected the 624 moni-

tors that are located in urban and suburban areas (as defined for

this report; see Area of Urban/Suburban Lands and associated

technical note, pp. 181 and 264). The trend graphs include only

those monitors with data for at least 8 of the 10 years between

1990 and 1999; 397 monitors meet the criteria for data com-

pleteness. For the maps, which provide the locations of monitors

according to their 1999 values, 486 monitors had data. 

In Hawaii, there are three ozone monitors; however, we do

not have satellite data on the extent of urban and suburban areas

for this state. Therefore, it was not possible to identify the urban

and suburban monitors in Hawaii in the same fashion as in the

lower 48 states. As is discussed in the technical note for Area of

Urban/Suburban Lands (p. 264), there is reasonable overlap

between the urban and suburban areas defined using satellite data

and Census Bureau Block Groups having at least 1000 people per

square mile. For this reason, we identified Hawaiian monitors

located in Block Groups having a density of at least 1000 people

per square mile. Two of the Hawaiian monitors passed this

screen; ultimately one of these was dropped due to insufficient

data. There is a single monitor in Alaska and following the

method used for Hawaii, it was excluded from our analysis

because it is not within a Block Group having at least 1000 people

per square mile.

Data Quality and Caveats: The monitors that make up this

national network conform to uniform criteria for monitor siting,

instrumentation, and quality assurance.

Data Access: Air quality data upon which this indicator is based

are collected regularly by EPA and are available at http://

www.epa.gov/airs/. EPA provided the specific data used in this

analysis to The Heinz Center especially for this project. However,

annual summary monitoring data are available at EPA’s AIRData

Web site (http://www.epa.gov/air/data/index.html).

Chemical Contamination

See the technical note for the core national contaminants indica-

tor, p. 210. 

Urban Heat Island

T h e  I n d i c a t o r  
Cities have modified climates based on factors such as building

density and type and energy use, as well as local topography and

regional weather patterns. The “urban heat island” represents the

difference between urban and nearby rural air temperatures and is

directly related to urban land cover and human energy use. For

most cities, this difference often is negligible in the daytime but

develops rapidly after sunset. Maximum difference occurs 2–3

hours after sunset and may be as great as 18°F. In general, as the

population density of a city increases, the difference in minimum

temperature between the urban core and rural site increases non-

linearly. Urban heat island effect for a city is calculated by com-

paring the temperature of a monitoring station in the urban core

with a monitoring station from a neighboring rural location. This

difference might be reported as the average monthly difference

between urban and rural sites. Nationally, the indicator might

report the number of cities with various levels of difference

between urban and rural sites: 0–6°F, 6 to less than 13°F, or more

than 13°F. 

As constructed surfaces replace natural vegetation, an area’s

ability to absorb and store heat increases; the natural cooling

effect mediated by trees and other vegetation is reduced (water

moves from the soil into a plant via its roots, exiting ultimately by

evaporation through pores in the leaves in a process called evapo-

transpiration—a cooling process much like when sweat evapo-

rates from our skin). The urban heat island represents a change in

the diurnal pattern of ambient temperature. Because many biolog-

ical processes are temperature dependent, changes in the tempera-

ture regime may have profound effects on species and ecological

processes. In fact, many of the proposed effects from elevated

global temperatures occur in urban areas because of the urban

heat island effect.

It is reported by the Centers for Disease Control’s National

Center for Environmental Health that extreme heat events, some

of which may be directly attributable to the heat island effect, are

responsible for greater loss of human life in the United States than

hurricanes, lightning, tornadoes, floods, and earthquakes com-

bined (http://www.cdc.gov/nceh/hsb/extremeheat/). Other effects

may include physiological stress in some species, altered species

composition and structure in ecological communities, modified

nutrient and carbon availability, and altered home range of

pathogens. For example, physiological stress results from altered

phenology and modified moisture nutrient availability. The urban

heat island also modifies energy use for heating and cooling build-

ings and vehicles.
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T h e  D a t a  G a p  
National Weather Service temperature data are available for a

large number of locations in the United States and could be used

to determine urban heat island effect and how this temperature

differential has changed over time. Analyzing historical data

would require a significant amount of time, energy, and funding

to retrieve archival information, to conduct quality assurance and

quality control on data, and to perform the analysis. Data prob-

lems include obtaining long-term data records for both urban and

adjacent rural sites and accounting for changes in monitoring

locations or instrumentation and for changes in population densi-

ties and human activities around monitoring sites. Another prob-

lem occurs for desert cities where the maximum temperature dif-

ference between urban and rural monitoring locations may occur

during midday rather at sunset. Although a temperature differen-

tial exists 2–3 hours after sunset, the evaporative cooling from

vegetation within the city may create cooler temperatures during

the day than adjacent desert temperature. 

Remote-sensing data have been used to examine temperature

differences between urban and rural sites; however, these meas-

urements record surface temperatures rather than ambient tem-

peratures.

Species Status

T h e  I n d i c a t o r
This indicator reports the percentage of “original” vertebrate ani-

mals and vascular plants that are at risk of displacement or have

been displaced from metropolitan areas (i.e., major cities and

their suburbs found within the urban/suburban areas defined by

this report; small, isolated cities or suburbs would be excluded

because it would likely not be feasible to include them in the nec-

essary monitoring program). “Original” is defined as existing

prior to European settlement in the area that is now a metropoli-

tan area. Using the reference point of presettlement is in some

sense an arbitrary choice; its use does not necessarily mean that it

would be desirable to have all original species present in

urban/suburban areas. This indicator includes only vertebrate ani-

mals (not insects, worms, and the like) and vascular plants (not

mosses, fungi, algae, and so on). 

T h e  D a t a  G a p
This indicator should be reported for larger metropolitan regions,

where expertise and information are likely to be available. For

each of these areas, a list of plant and animal species present

before settlement must be compiled. These lists can be derived

from reviews of the historical literature, museum records, Natural

Heritage program data, and agency files. Information on current

status must be obtained through field surveys, which will need to

be repeated periodically. If scientists develop standardized proto-

cols for observation and reporting, much of the data could be col-

lected by trained volunteers.

Many organizations collect data about the current distribu-

tion and status of species, but few of these provide information on

species status or population trends within areas as small as a met-

ropolitan area. For example, most states have Natural Heritage

programs, which provide status information on a wide variety of

species (http://www.natureserve.org/about_nhnoverview.htm), but

generally on a statewide or larger area basis. 

There are a growing number of city, county, and regional

efforts to gather and use biodiversity information, and these

efforts could form the basis for reporting this indicator. Two 

programs that exemplify this trend are the Illinois EcoWatch

Network and Chicago Wilderness. EcoWatch is a series of volun-

teer monitoring programs coordinated through the Illinois

Department of Natural Resources (http://dnr.state.il.us/orep/

inrin/ecowatch). The program has an UrbanWatch component

(http://www.fmnh.org/urbanwatch/splash.asp), as well as

RiverWatch, ForestWatch, and PrairieWatch components. Chicago

Wilderness (http://www.chiwild.org) is a partnership of more than

130 organizations working to protect, restore, and manage natural

areas in the three-state Chicago metropolitan area. In addition,

Robinson et al. (1994), in a study in Staten Island, New York,

showed a loss of over 40% of native flora and an increase of over

33% non-native flora during the period 1879 to 1991. DeCandido

(2001) found similar results for The Bronx, New York.

Finally, there must be some mechanism that will ensure ade-

quate consistency between local and regional efforts, and that will

be responsible for collating data from local sources to produce

regional and national statistics.
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Disruptive Species

There is no technical note for this indicator.

Status of Animal Communities in Urban 
and Suburban Streams

See the technical note for the freshwater indicator for status of

animal communities in streams (p. 253). 

Public Accessible Open Space per Resident

T h e  I n d i c a t o r
The indicator reports the amount of publicly accessible open

space per resident for major urban and suburban areas in the

United States. “Natural” lands include areas managed for their

natural values as well as areas that are vegetated, but also relative-

ly highly managed, such as playing fields and parks. Minor

amounts of pavement or other “hard” surfaces would not pre-

clude an area from being considered “natural.”

According to the National Research Council (2000, p. 22),

the natural environment provides people with a variety of ecolog-

ical goods and services, including “recreation, aesthetic enjoy-

ment, and spiritual experience.” This indicator is an important

measure of the capacity of urban and suburban areas to provide

recreational and aesthetic enjoyment in an unbuilt environment

close to home. 
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Definitions: “Open space” means unbuilt land or water areas

dominated by naturally pervious surfaces. A grassy park or golf

course would qualify as open space; a paved playground would

not. A river or lake would qualify as open space, as would some

cemeteries. Satellite imagery will soon provide 5-meter resolution

images, but whether there should be a minimum size to qualify

for inclusion––that is, whether open space or parkland loses

recreational or aesthetic utility below a threshold parcel size––is a

question yet to be answered.

“Publicly accessible” means publicly or privately owned

open space to which the general public has legal access, with or

without an entry fee. A space is not publicly accessible if access is

limited to members of specific groups or organizations. For exam-

ple, a public or private golf course would be considered publicly

accessible unless entry was restricted to club members. A farm

would not be publicly accessible, nor would a country club. A pri-

vately owned but vacant and overgrown industrial site would not

be publicly accessible.

T h e  D a t a  G a p
There are at least two methods for calculating the amount of

open space and determining whether it is publicly accessible: 

Self-Reported Acreage: Cities, counties, special districts, and

states can report the acreage of public parks and open spaces they

administer inside metropolitan areas. Public parks and publicly

owned open spaces would be assumed to be publicly accessible.

Accuracy would be limited by inconsistent standards among juris-

dictions in the same metropolitan area for defining parks and

open spaces. Historical data from cities may be affected by

boundary changes associated with annexations. Hardened play-

ground surfaces would likely be included in the data; many water

bodies would likely be excluded, as would private lands that are

effectively public by virtue of the owners’ access policies. 

Direct Measurement: Satellite imagery can identify unbuilt open

spaces with naturally pervious surfaces. Tax assessment records

might be used to locate tax-exempt parcels inside the identified

open spaces. The tax records normally identify the basis for each

parcel’s tax exemption, making it possible to infer which parcels

are publicly accessible. More research is needed to determine the

suitability of tax assessor records. Although tax assessment

records are usually maintained by counties, in some jurisdictions

cities, districts, or states may maintain the records. Some assess-

ment records are maintained by these local jurisdictions in geo-

graphic information system (GIS) databases. GIS-based records

make it easier, faster, and cheaper to derive the indicator,

although it would be possible to do it with non-GIS records. 

The data from both methods can be aggregated within each

metropolitan area and aggregated again across all metropolitan

areas for a national measure. 

Before such an effort is put in place, some threshold of

extent or population size would have to be developed to deter-

mine which cities, suburbs, and aggregations of the two should be

included. Once this selection is completed, the per capita calcula-

tions would be carried out using population data from the Census

Bureau.

R e f e r e n c e s
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Natural Ecosystem Services

There is no technical note for this indicator.
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