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RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions




“My goals for the Agency are to make our air
cleaner, our water purer and our land
better protected. These are the results
that we are working hard to achieve. Our
progress towards these goals will be the
measure of our success. To know
whether we are making progress toward
these goals, we need high quality
Information about the state of the
environment. —

Christine Todd Whitman, November, 2001
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Established Steering Committee Dec 2001
ldentified themes and questions Jan-Feb 2002
Submitted indicators March-April 2002
Reviewed indicators April-May 2002
Drafted and reviewed report June-May 2003
Released DROE June 2003
Held public listening sessions Nov 2003-Feb 2004
Held SAB review March 2004
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Draft Report on the
Environment-2003 TD

o Asked 63 questions
about trends in air,
water, land, human
health, and ecological
condition

e Contained 143
Indicators (EMAP
contributed to 33).
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Indicator RIS chﬂmurﬂty Index - Cahﬂgcqr 2

EMAP Estuaries Program has developed indices of benthic condi-
tion for estuaries in the conterminous LS. (Engle and Summers,
1999: Engle, et al., 1994: Van Dolah, et al., 1999; Weisberg, et al.,
1997). Benthic macroimvertebrates include annelids, mollusks, and
crustaceans that inhabit the bottom substrates of estuaries. These
organisms play a vital role in maintaining sediment and water qual-
ity, and are an important food source for bottom-feeding fish,
invertebrates, ducks, and marsh birds. Measures of biodiversity
and species richness, species composition, and relative abundance
or productivity of functional groups are among the assemblage
attributes that can be used to characterize benthic community
composition and abundance. The Heinz report refers to this indi-
cator as Condition of Bottom-Dwelling Organisms (The Heinz
Centar, 2002).

Assemblages of benthic organisms are sensitive to pollutant expo-
sure (Holland. et al., 1987, 1988; Rhoads, et al.. 1978; Pearson
and Rosenberg, 1978: Sanders, et al.. 1980; Boesch and
Rosenberg. 1951}, and they integrate responses to disturbance
and exposure over relatively long perieds of time (months to
years). Their sensitivity to pollutant stress is. in part, because
they live in sediment that accumulates environmental contami-
nants over time (Mixon, et al, 1986). and because they are rela-
tively immobile.

Reference sites were used to calibrate the indices similar to the
approach used to calibrate fish 1Bl scores in fresh water ecosys-
tems. The references cited above describe the approaches used
for calibmtion and scoring in various estuarine provinces. These
indices were calibrated for the respective estuarine province in
which they were developed. While the development and calibra-
tion process was similar among provinces, the specific thresholds
reflect the estuarine conditions within that province. In general,
good condition means that less than 10 percent of the coastal
watars have low benthic index scores. Fair condition means that
between 10 and 20 percent of the coastal waters have low benthic
index scores. Poor condition means that greater than 20 percent
of the coastal waters have low benthic index scores.

What the Data Show

Benthic community index scores have been assessed for the
Mortheast, Southeast, and Gulf Coastal Areas. For the Mortheast,
Southeast., and Gulf Coastal areas, 56 percent of the coastal
waters were assessed in good condition, 22 percent in fair condi-
tion, and 22 percentin poor condition based on benthic index
scores (Exhibit 5-35).

Assodations of biclogical condition with specific stressors indi-
cate that, of the 22 percent of coastal areas with poor benthic
condition, 62 percent had sediment comtamination, 11 percent
had low dissolved oxygen concentrations, ¥ percent had low light
penetration. and 2 percent showed sediment toxicity (EPA, ORD,
OW, September 2001).

Indicator Gaps and Limitations

Benthic community index scores have been assessed only for the
Mortheast, Southeast, and Guif Coastal areas. Samples have been
collected in all coastal areas, induding Alaska, Hawaii, and Island
Territeries, but these data have not been assessed. A complete
assessment of coastal condition is anticipated in 2003,

Data Source

The data seurce for this indicator was National Coastal Condition
Report, IU.5. Environmental Protection Agency. September 2001,
using data from the Erwvironmental Monitoring and Assessment
Program. Estuaries Program. (See Appendix B, page B-46. for
maore information.)

Exhibit 5-35; Benthic C::rnmunib,r Index (BCI
scores for coastal waters in gcoc:l, El'lr,
or poor conditio n, 2000

18% Mo Sediment 1% Low
or Wster Cortamination Diszoheed
~ Conygen
G2 Sedment | Concentrations

7% Light

Conmmln.utlon |
Feretration

ﬂ/ zz% Poor
S-edlment

Tomicity

Coverage: Mortheast, Southeast, and Gulf Coastal areas

Source: EPA, Office of Research and Development and Office of Water
Mational Cosstal Condition Report. September 2001 .
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EMAP Indicators In the
DROE

 National Coastal Condition Report
(12)

 Mid-Atlantic Integrated
Assessment (6)

e Sustainable Forests (10)

e 2001 National Land Cover
Dataset (6)
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Peer Review and Public
Comment on DROE

« Make questions more
Internally consistent and
clearly linked to EPA’s
mission

o Clearly define “indicator”

 Establish formal criteria for
Indicator selection

« Treat gaps and limitations
more consistently
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Revisions Based on Peer
Review and Public
Ccomments
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« EPA agreed on a set of 27 questions
that It considers to be important to the
Agency’s mission to protect the
environment and human health. The
report is organized around these
guestions.

« Example: “What are the trends In
outdoor air quality and their effects on
human health and ecological
systems?”
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 For EPA's Report on the Environment,
“an indicator is a numerical value
derived from actual measurements of a
pressure, state or ambient condition,
exposure, or human health or
ecological condition over a specified
geographic domain, whose trends over
time represent or draw attention to
underlying trends in the condition of
the environment.”

-
<
L
=
=
O
o
(@]
98
=
—
-
O
ol
<
<
Q.
w
2
=

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Eibit i: Hierarchy of Indicators

I Administrative | Environmental

LEVEL 1 LEVEL 2 LEYEL & LEVEL 4 LEVEL 5 LEVEL &
EPA, State Tribal AL tuangs Charges n Ambient Exposure or Ulimati bespacts:
of (Hher Respoeses by Pressure of Conditions Bady Charges in Human
Governenents’ | Regulated and = Strewar Burcen/Liptake Hesalih oo
Regulafianm Manregulated Quarntities Ecalagesl
Activities Farties Condition

} Finds and masroinverebraie
o et b e TOTAL F-0rF-L andaiit ol beslie mbegnity
i.m'--:..i:fr-..,.p: " i |H-l:||'|1|-H'IL-:H1,H|II'I|:|'I-:I
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 The Indicator is useful. It answers (or makes
an important contribution to answering) a
guestion in the ROE.

 The indicator is objective. It is developed and
presented in an accurate, clear, complete,
and unbiased manner. The indicator is
transparent and reproducible.

* The specific data used and the specific
assumptions, analytic methods, and
statistical procedures employed are clearly
stated.
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 The underlying data are characterized by
sound collection methodologies, data
management systems to protect their
Integrity, and quality assurance procedures.

« Data are available to describe changes or
trends, and the latest available data are
timely.

 The data are comparable across time and
space, and representative of the target
population. Trends depicted in the indicator
accurately represent the underlying trends in
the target population.
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DROE ROEOQO7

Internal Review Public external review
Reviewers considered Reviewers considered

« Data quality o Definition

e Scientific basis e Six criteria

o Utility * Limitations

e Limitations  Overall recommendation

Reviewers looked at “data
guality” forms, not the
actual indicator write-
ups and graphics

Based on indicator
write-ups, graphics, and
metadata forms
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Report on the
Environment-2007

e 27 questions about
trends in air, water,
land, human health,
and ecological
condition

e 87 peer-reviewed
Indicators

EPA’s Report on the Environment
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ROE 07 Regionalization

= 25 national ROE
Indicators are broken
down by EPA Region

= 10 national ROE
Indicators are broken
down by other
“regions”

» 9 Regional Pilot
Indicators

EPA’s Report on the Environment
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 Introduction

 What the Data Show

e Limitations

e Data Sources
 References (appendix)
 Metadata forms (eROE)
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For each of the 27 questions
e Introduction — scope of the question
* Indicator Spreads

e Discussion

= Summary of what the indicators say
about the question

= |[mportant gaps, limitations, and
challenges
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e Coastal Benthic Communities
 Coastal Fish Tissue Contaminants
 Coastal Sediment Quality

o Coastal Water Quality

 Forest Extent and Type

 Land Cover

 Forest Fragmentation

« Carbon Storage in Forests

« Ozone Injury to Forest Plants
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Exhibit 2-17. Ozone injury to forest plants in

Exhibit 3-28. Coastal benthic communities the U.S. by EPA Region, 2002°

index for the contiguous U.S. and Puerto Rico,

by EPA Region, 1997-2000° Degree of injury:

Benthic community condition; | None | Low |Moderate| High |Severe|

| High |M0derate| Low |Unsampled|

Percent of monitoring sites in each category:

Percent of estuarine area in each category: ?5?:?{;;) 68.5 | 16.7 |11.1 | -}3.7
Region 1 | 77 | 18 | 5 | Region 2
e | 61.9 | 214 [71[7]24
Region 2 59 17 24 i
egion?. | | | | Region3 | 55.9 | 180 144] [72]4s
| | || (111 sites) |
Region 3 72 27 1 Region 4 3.5
| | | . o ) | 75.3 [1047.0 1233
Region 4 63 17 17 (3 Region 5
) | 75.6 | 183 o
Region6 | ] |z [u]n] Region 6 | G EZ
(59 sites) . |
Region 9 | 78 | 15 |7| Region 7 | = |95| 39
(63 sites) : il ey B
Region 10 | 91 |5 |4| Region 8 1000 |
. (72 sites) i
AIUS! | 70 EIRa E—— — T
(80 sites) : il B | g
ACoverage: Estuarine waters of the EPA Regions Region 10 100.0 |
contiguous 48 states and 1) (57 sites)
Puerto Rico. 6 2.
°U.S. figures reflect the total sampled o 4 “Coverage: 945 monitoring sites, EPA Regions
f'irea. Ungampled areas.were not located in 41 states. (2 1]
included in the calculation. ’@ Data source: USDA Forest Service, @) 553
Data source: U.S. EPA, 2004 (data N9 (2] Forest Health Monitoring (FHM)
modified to report by EPA Region) Program database

e o

o
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» Lake & Stream Acidity

= Benthic Macroinvertebrates in Wadeable
Streams

= Nitrogen and Phosphorus in Wadeable
Streams

= Streambed Stability in Wadeable Streams

» Wetland Extent, Change, and Sources of
Change

= Contaminants in Lake Fish Tissue
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Exhibit 3-6. Nitrogen and phosphorus in
wadeable streams of the contiguous U.S.,
2000-2004°

A. Total nitrogen B. Total phosphorus

1
o 4.9 4.2 Concentration:
] Not assessed/
80 no data
_113 43.3 48.8 OLow
g [ Moderate
S 60 [ High
S
40 . 16.1
&
20
31.8 30.9
0

éCompared with minimally disturbed reference sites. See text for
definitions of the categories shown in the figure.

Data source: U.S. EPA, Wadeable Streams Assessment

Exhibit 3-12. Index of Biological Integrity (IBl) for

benthic macroinvertebrates in wadeable streams
of the contiguous U.S., by ecoregion, 2000-2004*

IBl score:

Least Moderately Most  [Not assessed/|
disturbed | disturbed | disturbed no data

Percent of stream miles in each category:

Highands | 182 | 204 51.8 95
flamsardl 290 | 200 | 400 |20
West 451 25.9 27.4 1.7
mus.| 282 | 249 | 4.9 | |50
aliggregions based on Omernik, Ecoregions
7.
Data source: U.S. EPA, ‘=[‘ ‘ ‘

Wadeable Streams Assessment H

=
/ 11 ‘h *Eastern
West ‘\nghlands

Plains and Lowlands
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Exhibit 3-40. Lake fish tissue PBT contaminant concentration estimates for predators (fillets) in the
contiguous U.S., 2000-2003

Number  Number Percentiles for fillet tissue concentrations {|J|Jm}b
Contaminant sar:::!es :;::emhl::;fa 5th 1oth 25th {mse%ﬂg,,, 75th gpth g5th
Mercury 486 486 0.059 0.089 0177 0.285 0.432 0.562 0.833
Total PCBs 486 486 0.000351 0.000494 0.001000 0.002161 0.008129 0.018159 0.033161
TEQ dioxins/furans only ~ 486 395 * * * 6x10° 46x10°  109x10°  318x10*
Total inorganic arsenic 486 2 * * * * B * *
Total chlordane 486 96 * * * * * 0.003617  0.008266
Total DDT 486 378 * * * 0.00147 0.00694 0.01966 0.03057
Dicofol 486 15 * * * * * * *
Dieldrin 486 24 * * * * * * 0.001193
Total endosulfan 486 18 * * * * * * *
Endrin 486 3 * * * * * * *
Heptachlor epoxide 486 6 * * * * * * *
Hexachlorobenzene 485 0 * * * * * * *
Lindane (gamma BHC) 486 28 * * * * * * 0.000994
Mirex 486 10 * * * * * * *
Toxaphene 486 0 * * * * * * *

*MDL = method detection limit; MDLs are available online at http://www.epa.gov/waterscience/fishstudy.
Y% = less than MDL
Data source: U.S. EPA, National Study of Chemical Residues in Lake Fish Tissue
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» Ecological Connectivity in EPA Region 4
(depends on MRLC)

= Land Cover in the Puget Sound/Georgia
Basin (depends on MRLC)

» Relative Ecological Condition of
Undeveloped Land in EPA Region 5
(depends on MRLC)

= Non-Indigenous Species in the Estuaries of
the Pacific Northwest (depends on NCCR)
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Exhibit 6-7. Distribution of index scores for the
relative ecological condition of undeveloped
land in EPA Region 5, 1990-1992*

A. Diversity index

= 150,000
3
S 100,000
3
£
2 50,000
8
< 0
0 20 40 60 80 100
Index score
B. Sustainability index
= 250,000
8 200,000
o
5 150,000
o
£ 100,000
=
~ 50,000
(=
= 0
0 20 40 60 80 100
Index score
C. Rarity index
= 600,000
3
S 400,000
[=t3
0
S
= 200,000
S
< 0
0 20 40 60 80 100
Index score

“Coverage: Undeveloped land in EPA Region 5, based on the
1992 National Land Cover Dataset (NLCD). For this analysis,
“undeveloped” land is any land that the NLCD classifies as bare
rock/sand/clay, deciduous forest, evergreen forest, mixed forest,
shrubland, grasslands/herbaceous, woody wetlands, emergent
herbaceous wetlands, or open water.

Data source: U.S. EPA Region 5

Exhibit 6-8. Relative ecological condition of undeveloped land
in EPA Region 5, 1990-1992°

A. Diversity index B. Sustainability index

Index score:

“Coverage: Undeveloped land in EPA Region 5, based on the 1992 National Land Cover
Dataset (NLCD). For this analysis, “undeveloped” land is any land that the NLCD
classifies as bare rock/sand/clay, deciduous forest, evergreen forest, mixed forest,
shrubland, grasslands/herbaceous, woody wetlands, emergent herbaceous wetlands,
or open water.

Data source: U.S. EPA Region 5
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EMAP Indicators Dropped
In ROE 07

 Total organic carbon in sediments
o Coastal fish diversity

 Coastal fish abnormalities

 Tree Condition

e Soil Compaction

e Soil Erosion

o Altered Fresh Water Ecosystems

 Percent Urban Land Cover in Riparian
Areas

o Agricultural Lands in Riparian Areas
« MAIA/NSWS regional indicators
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« SAB Review (July 2007)

 Indicator Research
= Better ways to quantify uncertainty

» Better ways to regionalize and scale
indicators

» Analyze sensitivity of indicator to
management actions

 ROE and strategic planning
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EMAP indicators provide comparable,

- representative data with known
E confidence
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* Are we concerned about
= a family?
" a community?
= a state or region?
* the nation?
* the globe?

« Each target may require an indicator
with a different time and space scale.
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Nation

State/
Region

Local

Hierarchy and Scale

Days Months  Years Decades
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The ROE should:

» complement EPA’s strategic planning efforts

» identify important gaps in information that
hinder our decisions about how to invest in
the future.

- EPA Administrator Steve Johnson
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EPA’s Strategic Plan &
Performance Report

®  EPA Strategic Plan
?_P; a-ff? S = Sets the Agency’s

S i By goals, objectives, and
strategic targets.

e EPA Annual

Performance Report
= Reports on
achievement of goals,

objectives, and
strategic targets.
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e Cross-Office/Region pilot study Is
ongoing

e Possibilities:

= |dentify trends that need attention

= |dentify important gaps and limitation

* Improve measures and indicators
technically
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ldentify trends that need
attention

Figure 128-1.
% Reduction in Native Fish Fauna Diversity Within a 6-digit HUC

15% of land area

7% of land area
2% of land area
55% of land area

21% of land area

B 50% and greater reduction
©25-49% reduction
10-24% reduction

- 1-9% reduction NOTE: Current species numbers are based on a count of species
. that have at least one "current” record for that species
Il 0% reduction within any 8-digit HUC within the 6-digt HUC NatureServe
Fishless 100 0 100200 300 Miles m,zr;;c y;;
——————
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 No human or ecological effects
Indicators related to most questions

e Few Indicators for:
= |[ndoor air and ambient air toxics

= Drinking water, groundwater, and
recreational water, releases to water, and
water quality in lakes

= Ambient levels of TSCA and RCRA
chemicals

= Ecological condition
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Develop indicators to fill important
gaps

Use technology to improve cost-
effectiveness of indicators

Solve scaling problems (especially for
ecological indicators)

Quantify and communicate uncertainty
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Indicators enhance the public dialog
about the state of the environment
and provide an opportunity for
strategic analysis of EPA’s overall
success In Its mission to protect
human health and the
environment.

-
<
w
=
-
.
O
&
L
-
—
p
)
o
<L
<L
o 8
i
2,
-

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



