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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



Goal:
Develop reach scale GIS-based Synoptic 

Human Stressor Indices (HSI) for assessing 
ecological integrity of freshwater ecosystems 

Review – What we are trying to 
accomplish



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?



Accounting For Human Stressors

Percent Urban Riparian ForestPercent Cropland Lead Mine Density



Variables Used in Human Stressor Index 
and Associated Ranks



111 - 220

221 - 319

320 - 326

327 - 419

420 - 423

424 - 430

Human Stressor Index

First number reflects:
Highest magnitude of 
individual stressor

Last two numbers reflect:
Degree of cumulative impacts



Deciphering the HSI

First Value
Highest Magnitude Stressor Rank

Last 2 Values
Sum of Stressor Ranks



Utility:
Coarse Screening Tool

First HSI Value

Stressor(s) Responsible for Highest Rank (4)



Potential Uses of Human Stressor 
Index and Associated Input Data

• 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 
conditions at outlet

Solution: Utilize higher resolution 
assessment unit (segment shed)

Streams

Assessment Polygon

Streams

Assessment Polygon

Urban

Row and Close Grown Crop

Grassland

Forest and Woodland

Swamp and Marsh

Open Water



Failure to Account for Magnitude or 
Temporal and Spatial Distribution of 
Individual Stressors

Reach of Interest

Upstream Patches

Downstream Patches

Distant Patches

Nearby Patches

Problem:



Problem: Data Availability and Quality

Solution: Look for additional supporting data

Coal Mines

Source: EPA Basins data

Coal Mines

Source: EPA Basins data and
various state sources



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

Objectives
1. Increase coordination
2. Increase knowledge
3. Develop centralized repository
4. Quantify human stressors at reach-scale (1:100K NHD)
5. Develop human stressor indices
6. Calculate HSIs for each stream reach 
7. Field validate accuracy of HSIs

To overcome some of these 
shortcomings we need to:



Ideal Scenario
• 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
• Differences among stressors can possibly be accounted for

– Location
• 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
– Must rely on associative relations with surrogate measures (IBI)



A New Methodology:
How is it different from what we 

have done in 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

D
ow

nstream
 continuum#

#

#



Stream segments linked to segment sheds

• 1 to 1 relationship
• Almost any properties of the 

watershed can be linked to the 
stream network for accumulation 
downstream
– Soils, land cover/use, population, 

point data
– Can be converted to a proportion of 

the drainage area or stream miles



Segment sheds - Very large processing task!

• There are a number of 
ways to create the 
segment sheds

• We have had the best 
results using a 
combination of 
ArcHydro Tools 
(ArcGIS) and ArcInfo
command line.  



Percent of Upstream Drainage Area in Threat

Threat A
Streams

0 - 20
20 - 40
40 - 60
60 - 80
80 - 100

Percent of Drainage in Threat A
D

irection of Flow



Weighting the Stressors

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

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

• Discharge X is worse than discharge Y



Spatial Considerations
• Distance to stressor
• Is 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)

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

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

• Can we account for these kinds of impacts 
separately?



Major Tasks
1. Establish regional oversight committee

2. Establish comprehensive list of human 
stressors and potential data sources

3. Compile geospatial data

4. Identify data gaps and limitations

~

~



Major Tasks Continued
5. Quantify stressors for each stream reach

6. Conduct literature review on human 
stressor related research

7. Conduct literature review on GIS-based 
stressor assessment methods

8. 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:
Identifying principal “Threats”
Identifying data sources for these threats and 
any data limitations
Determining the principal ecological effects 

for the various stressors
• Methodology

– Relative vs. empirical 
– Weighting stressors
– Accounting for spatial and temporal 

considerations
• Identifying key literature
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What we need help with:
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Principal Ecological Effects



What we need help with:
Identifying principal “Threats”
Identifying data sources for these threats and 
any data limitations
Determining the principal ecological effects 

for the various stressors
• Methodology

– Relative vs. empirical 
– Accounting for spatial and temporal 

considerations
– Weighting stressors

• Identifying key literature



Relative Assessment of Human Threats

• Values have no known 
relation to ecological integrity

• Simply acts as a “red flag”

Problems/Issues



Empirical Assessment of Human Threats

• 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

Problems/Issues



Quantify relations for each measure 
of threat and ecological integrity

Quantify combined relations

Model of Human Stress

Empirical Assessment of Human Threats



Empirical Assessment of Human Threats



Spatial Considerations

Reach of Interest

Upstream Patches

Downstream Patches
Distant Patches

Nearby Patches

Geographic Units

Distance and Relative Location



What we need help with:
• Identifying principal “Threats”
• Identifying data sources for these threats and 

any data limitations
• Determining the principal ecological effects 

for the various stressors
• Methodology

– Relative vs. empirical 
– Weighting stressors
– Accounting for spatial and temporal 

considerations
• Identifying key literature



Literature



Since last meeting we have . . .

• Cleaned and prepared our stream 
networks

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



Stressor data



Stressor data



Stressor data



Stressor data



Stressor data



Potential GIS tools to help with 
distance weighting

• Functional Linkage of Water basins and 
Streams (FLoWS) v1

• Various 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 issues 

– (using county level data, fragmentation)
• Tools and methods
• Obtaining monitoring data for possible 

empirical component (fish and macro)



What comes next?

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

• Continue filling in data gaps
• Determine if we can distance weight
• Continue compiling literature
• Establish next meeting (~ 6 months)


