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Overview

Background
Project goal

Review of Missouri’s Human Stressor
Index (HSI)

EPA Region 7 HSI
Working meeting and discussions




Background/Problem

J.E. Maraden




Review — What we are trying to
accomplish

Goal:
Develop reach scale G1S-based Synoptic
Human Stressor Indices (HSI) for assessing
ecological integrity of freshwater ecosystems




Human Stressors (Missouri Example)

Land Use
Municipalities
Railroads

303d Streams

Airports

Toxic Release
Superfund

Point Sources
In-stream gravel mines
Landfills

Industrial Facility Discharges -

Hazardous Waste
Generators

Drinking Water Supplies
Dams

CAFOs

Mines

Roads




What do we have now?

uman Stressor Index Values
for each Aquatic Ecological System in Missouri
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Relative Ranks

Metric 1 2 3 4
Number of Introduced Species 1 2 3 4-5
Percent Urban -5 5-10 11-20 =20
Percent Agriculture 0-25 26-50 51-75 =75
Density of Road-Stream Crossings (#/mi 0-0.24 0.25-0.459 | 0505 =1
Population Change 1990-2000 (#/mi%) -42-[ 0.1-14 15-45 =45
Degree of Hydrologic Modification and/or
Fragmentation by Major Impoundments 1 2oard 4 arb b
Number of Federally Licensed Dams [ 1-49 10-20 =2
Density of Coal Mines (#/mi?) [ 1-5 B-20 =2
Density of Lead Mines (#/mi®) [ 1-5 -0 =2
Density of Permitted Discharges (#/mi°) [ 1-5 k-0 =[]
Density of Confined Animal Feeding Operations
#/mi%) 1] 1-5 5-10 =10




Human Stressor Index

Highest magnitude of
individual stressor

Degree of cumulative impacts




Deciphering the HSI

First Value Last 2 Values
Sum of Stressor Ranks




Utility:

Coarse Screening Tool
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Potential Uses of Human Stressor
» » SLaih
Index and Assoclated Input Data ’ F AN
NELL - g
* Help identify watersheds in need of restoration vs.
those In need of more proactive protective measures

* Tool for identifying the specific stressors and thus,
the management challenges within each watershed

* Tool for developing research projects attempting to
quantify the potential effects of particular human
stressors




Problems with HSI

Only accurately quantifies conditions at outlet

Treats all stressors equally
— Weighting (ex., 3xUrban vs. 1xAg)

Does not account for magnitude of individual
stressors or temporal and spatial considerations

— Unsure If this can be accounted for

Does not account for principal ecological effects

— Develop separate stressor indices (Physical habitat,
water quality, flow regime, energy/nutrient dynamics,
biotic interactions)

Data availability and quality




Problem:
Only Quantifies Conditions at Outlet

Problem: Only accurately quantifies Solution: Utilize higher resolution
conditions at outlet assessment unit (segment shed)
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Problem:

Fallure to Account for Magnitude or
Temporal and Spatial Distribution of
Individual Stressors
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Problem: Data Availability and Quality

Solution: Look for additional supporting data




To overcome some of these
shortcomings we need to:

Develop reach scale GIS-based Synoptic
Human Stressor Indices (HSI) for assessing
ecological integrity of freshwater ecosystems

Increase coordination

Increase knowledge

. Develop centralized repository

. Quantify human stressors at reach-scale (1:100K NHD)
. Develop human stressor indices

. Calculate HSIs for each stream reach

Field validate accuracy of HSIs




ldeal Scenario

e Account for timing, magnitude, frequency, and location of
each human disturbance
— Timing and frequency
» Available data lacks this context

— Magnitude
« Within a given stressor data often lacks given context

» Can quantify for different geographic units (overall watershed, RSD,
upstream buffer, local buffer, etc.)

» Distance issues are a more difficult technological challenge

Quantify mechanistic relations between individual and
multiple human disturbances and ecosystem responses
(flow, sediment, temperature, etc.)

— Lack standardized data for response variables

— Difficult to account for natural variation




A New Methodology:
How IS It different from what we
have done 1n Missouri?

All of EPA Region 7
Use segment-sheds (reach specific drainage)

Weight stressors
Account for spatial considerations

If possible, account for principal ecological
effects separately




Watersheds / Catchments/ Segment sheds /
Reach specific drainage areas
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Stream segments linked to segment sheds

e 1to 1 relationship

o Almost any properties of the &
watershed can be linked to the Mﬁjf/
s b

stream network for accumulation Q!/I!J-'
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ways to create the
segment sheds

* \We have had the best
results using a
combination of
ArcHydro Tools
(ArcGIS) and Arclnfo
command line.
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Percent of Upstream Drainage Area in Threat




Weighting the Stressors

* For example, 3 times urban vs. 1 times
agriculture

e A “big” mine has more impact than a
“small” mine

» Discharge X Is worse than discharge Y




Spatial Considerations

 Distance to stressor
o |s stressor upstream, downstream or local

Ecological Integrity of Riverine Ecosystems is
Dependent Upon Integrity of the Entire Watershed Accounting for Connectivity




Account for Principal Ecological
Effects Separately

(Physical habitat, Water quality, Flow regime, Energy/Nutrient dynamics,
Biotic interactions)

e For example, stressor X impacts water
quality, but has little effect on flow regime

o Stressor Y impacts physical habitat, but has
little effect on water quality

e Can we account for these kinds of impacts
separately?




Major Tasks

Establish regional oversight committee

Establish comprehensive list of human
stressors and potential data sources

Compile geospatial data

|dentify data gaps and limitations

v

v




Major Tasks Continued

Quantify stressors for each stream reach

Conduct literature review on human
stressor related research

Conduct literature review on GI1S-based
stressor assessment methods

Develop GIS-based HSIs

~




Major Tasks Continued

9. Perform QA/QC on accuracy of input data
and resulting HSI values

10. Field validate HSI using fish and
macroinvertebrate community data




What we need help with:

v Identifying principal “Threats”

v ldentifying data sources for these threats and
any data limitations

v’ Determining the principal ecological effects
for the various stressors

* Methodology

— Relative vs. empirical
— Welghting stressors

— Accounting for spatial and temporal
considerations

literature
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v Identifying principal “Threats”

v ldentifying data sources for these threats and
any data limitations

v Determining the principal ecological effects
for the various stressors

* Methodology
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— Accounting for spatial and temporal
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What we need help with:

v ldentifying principal “Threats”

v |dentifying data sources for these threats and
any data limitations

v’ Determining the principal ecological effects
for the various stressors

* Methodology
— Relative vs. empirical
— Welighting stressors

— Accounting for spatial and temporal
considerations

e |dentifying kev literature




Principal Ecological Effects

Level of Influence
Low

©Me dium

High

Level of Influence
Low

©Me dium

High

Pomt somrce pollution
Physical Habitat Water Guality Flow Regime Energy/Nutrient Biotic Interactions

X X

Channelization
Physical Habitat Water Guality Flow Regime Energy/Nutrient Biotic Interactions

X




What we need help with:

v ldentifying principal “Threats”

v |dentifying data sources for these threats and
any data limitations

v Determining the principal ecological effects
for the various stressors

* Methodology
— Relative vs. empirical

— Accounting for spatial and temporal
considerations

— Welighting stressors
o |dentifving key literature




Relative Assessment of Human Threats

Problems/Issues

e Values have no known
relation to ecological Integrity

o Simply acts as a “red flag™




Empirical Assessment of Human Threats

Measures of Measures of Human
Ecological Integrity Threat
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Problems/Issues
Lack standardized data for
measures of ecological integrity
Lack of data for various threats

Noise due to natural variation and
sampling methods/biases

Only applies to stream types where
data have been collected




Empirical Assessment of Human Threats

Quantify relations for each measure
of threat and ecological integrity
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Model of Human Stress

Stress Index=

AGSC*0.004 +URSC*0.242 +POPSC*0.009 +
PNLSC*0.191 + PNYSC*0.109 + MANUSC*0.359 +
MDEQF*0.134 + DEQOSC™*0.108 + INSC™*0.065 +
RDENSC*0.201 + TRISC*0.233 + TRIWSC*0.107;

R2=0.54;
p < 0.0001




Empirical Assessment of Human Threats
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Spatial Considerations

Geographic Units




What we need help with:

Identifying principal “Threats”

ldentifying data sources for these threats and
any data limitations

Determining the principal ecological effects
for the various stressors

Methodology
— Relative vs. empirical

— Welighting stressors

— Accounting for spatial and temporal
considerations

key literature
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Guidance Document

Literature

RO, THE AWCHGAN STATE U
SRICIRTUAL EXPERUAAT STATICS LAST LANGHNG

The Influence of qullway Construction on a Stream

ATtILA
Analytical Tools Interface
for Landscape Assessment

Db Conrpl v

KTM GRAHAM
FISHERY BIOLOGIST
Stutigart, Jall 196

st g denbiol

| L]

[ Envisonmental mansgement practices are trending awa

Diebipiegal. P -seale assosaments award campley, m 5
htaran Exnpairn i ’ . ry
i abeeatony - ; b

behired these assossments while grograpiise mbarmntios

Erviesnmeaul Sessset e cunply. the tooks to mplement Hiens, A common

pies ' GIS I the greratinn af Iandreipe metries, which are

tive measurements af the envirmamental conc
ot an area (e

mp.-m i

The US. EPA

L |Ill'|ll||\
ankerfave o lacili-

Toals Interface
for Lag
Assezsments
(ATHLA} is any
| sy toonse
ArcView oxten-
sdan that caleu
Intes pamy com-
monly wsed land- |
scape motrics. By
praviding an innuitive inteeface, the extension provides
i penerate landseape metrlcs to o wide audios
ik S e level. ATHLA &
18 mcepts data from a broad range of sourses and is equ
bl acnuss all larndscapes, from desers o rain foreds &
areas.

Four familics of

Werislacs, 1ip )

exlersive,

The Eifects of Acid Strip-Mine*) Elfluents
on the Ecology of a Stream™)

By John David Parsons, Garbondale, Il

Wath plate 1, 6 fiigures and 5 tables i the text and oa 3 folders

Tntraduction

The first elal mining of conl in the United States was b
1820, Within 30 yeurs the Westeca, Interior Coal Province of Lowa, M
Arkansas, Kansas, Oklal braska had bren
methads, By 1859, 119 years after the first e
North America, ! methods ucommied for only 3.1%
bituminous conl mined in te United States, “The greatest ad
age of bituminous coal mined by the strip mes
the past 20 years; as a result, the production has inereased to over 30
the tatal of all nous eoal mined,

mercisl mining of ¢

mini

o has oo

pen

The concurrent
devele;
the

¢ in population ce

e engincering ma

an st be conserved. The effects o

\wistes feom coal strip mines npon this resouses represent one af the
serinns pallation problens

Comparatively little attention has been given w this of pol.

industry has hoen carcied en for nearly & o

areas where such pollation occus, g

coal
1L The public, in
erions efficts on steeam fishes
awareness does not encompass the effects of acid-
degeers of achd intensity on th nal stream o
w other than fshes,

1y or on the

ute, Missoari ¢
¢ ol Missa

vation Comnimission
eparnting. The uathor wishes (0 express bis appreciat
acearded him through o fellawship of the Evwans K. Love

ociety, Special Publication No.

North Central Division, Ametican Fisheri




Since last meeting we have . . .

» Cleaned and prepared our stream
networks

e Generated the segment shed polygons
e Gathered data (stressors)
e Gathered literature

e Explored GIS tools that will assist with
distance weighting




The core data sets

385,000 primary channel stream segments
and corresponding segment shed polygons




Stressor data

Dam Locations
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Stressor data
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Stressor data

Resource Conservation and Recovery Act Locations (RCRIS)
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= RCRIS sites

Airport Locations

Census Data (Pop Density)

census collection paint

Pasture and Rangeland

S

- Pasture and Rangeland




Stressor data

Recreational Areas of Region 7

Row Crops

= Recreational Areas

Transportation Networks Road and Stream Crossings

road crossing site

Roads




Stressor data

Utilities

Superfund Sites (CERCLIS)
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Stressor data

Estimates of Ag Chemical Use *

Acres of Cropland Sprayed
0-32274

0 32274 - 74932

B 74232 - 120088

I 120085 - 179463

I 175463 - 355013 * data is from 1987

Estimates of Herbicide Use

* Ibs of Herbicide #9380 IS5 el =
0- 22631

I 22631 - 51440

I 1440 - 82781

I :2781 - 125178

I 25178 - 101621 * one of 20 of the most used herbicides

Livestock Holdings *

# of Cattle and Calves

0-27083
W z7083 - 45088
I 45086 - 71782

I 71782 - 137745 * data is from 1987
have all types of livestock
I 137745 - 319385

Estimates of Nitrogen/Fertilizer Sales

: ! | ! | o
# of Tons of Anhydrous Ammonia I :j}
0- 1642 A7
[0 1642 - 3564
I 2564 - 5675
Il 5675 - 8316 *datais from 1991
I 6315 - 13137 have all types of fertilizers




Potential GIS tools to help with
distance weighting

* Functional Linkage of \Water basins and
Streams (FLoWS) vl
 \arious other user-written GIS tools

— Distance matrix calculation
— Distance and Accessibility Measures




What we want to accomplish today

Review web survey
Ranking / Weighting discussion

Discuss some data 1Ssues
— (using county level data, fragmentation)
Tools and methods

Obtaining monitoring data for possible
empirical component (fish and macro)




What comes next?

e Begin quantifying the stressors for
every segment shed polygon / stream
reach in the 100K NHD

e Continue filling In data gaps

e Determine If we can distance weight
e Continue compiling literature
 Establish next meeting (~ 6 months)




