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• The amount and timing of water flows 
required to maintain the species, 
functions, and resilience of freshwater 
ecosystems and the livelihoods of human 
communities that depend on those healthy 
ecosystems 
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• Agriculture  
– Irrigation 
– Livestock  

• Recreation  
– Fishing 
– Kayaking 
– Swimming 

• Aesthetics 
• Waste dilution 
 



• Variability in element of the flow regime 
– Magnitude 
– Timing  
– Duration 
– Frequency 
– Rate of Change 

• How much can flow regimes be altered before 
having an appreciable affect on ecosystem 
function? 
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o Status Quo – Assume domestic set-aside 
will  provide coverage 

o Be Proactive – work together to find a 
collaborative solution 

 



Quantifies trade-offs between streamflow 
alteration and ecological degradation 

Informs the determination of environmental 
flow targets 

Integrates environmental flows into a 
computerized DSS 

 



Step 1. Hydrologic Foundation 

SCIENTIFIC PROCESS 

 
Monitoring 

 

Acceptable 
Ecological Conditions 

Societal 
Values and 

Management 
Needs 

 

Implementation 
 

SOCIAL PROCESS 

Adaptive Adjustments 

Flow Alteration-Ecological  
Response Relationships 

by River Type 

Stream 
Hydrologic 

Classification 

Degree of 
Hydrologic 
Alteration 

Hydrologic 
Alteration 

by River Type 

Baseline 
Hydrographs   

Developed 
Hydrographs   

Ecological Data  
and Indices   

Environmental  
Flow Standards 

Hydrologic Model 
and Stream Gauges 

Flow - Ecology 
Hypotheses 

Geomorphic 
Stratification 

 

Step 4. Flow-Ecology Relationships 

Step 3.  Flow Alteration 

Step 2. Stream Classification 



Characterization of natural flow 
regime 

Prioritization of protection needs 

Identification of streamflow 
elements that are critical 

Management of instream flows 

IDENTIFICATION OF 
INSTREAM FLOW NEEDS 

Adaptive 
Management 

 

 

Societal values 
and needs 

Streamflow information under 
natural and/or human-altered 

conditions 

Biologic, Ecologic, and 
Geomorphic Data 



Flow Alteration - Ecological Response Curve 



Great Lakes Compact:  “no significant 
individual or cumulative adverse 

resource impact” due to withdrawals 
 

Michigan 2006 Public Act 34:  An 
“adverse resource impact” is defined 

as: “decreasing the flow of a stream by 
part of the index flow such that the 

stream’s ability to support characteristic 
fish populations is functionally 

impaired.” 

MICHIGAN 



Predicted fish assemblage metrics 
per segment, as f(initial BFY and 
JMT; also % BFY reduction and 

related JMT increase) 

River segment 
classification 

11 stream types 
Surficial geology (GIS1) 

River segment 
delineation 

~9,000 segments 
statewide 

Clustering 
of river 

reaches2, 
plus expert 
refinement 

Basic Data 

Catchment area (CA; 
GIS1) 

July mean water temp 
(JMT) (predicted by 
Brenden, personal 
communication) 

Fish surveys for 60+ 
spp. from 1,720 sites, 

1980-2006 

Baseflow (median 
August) yield (BFY) 

(estimated by Hamilton 
et al 2008 model) 

Fish metric response curves 
for ~20 representative 

segments in each river type.   

Fish metric response 
curves for each river type; 
river types assigned to all 

segments statewide. 

Fish assemblage 
model 

Models Outputs 

Multivariate 
regression 

tree analysis3 
plus expert 
refinement 

Method 
described 

herein Run fish assemblage model per selected 
segments 

Results averaged within river types 

1 Brenden et al. 2006 
2 Brenden et al. 2007b 
3 Brenden et al. 2008 

 

Michigan’s Science Process 



Characteristic Species Remaining 

90% 
80% 

Adverse Resource 
Impact 

Determining Impact For New & Expanding Uses 

GO w/local education 

Site review and conservation 

Site review & mitigation? 

Thriving Species Thriving 

Michigan fish response curves and river condition goalsMichigan fish response curves and river condition goals    

Increasing hydrologic alteration 



Michigan: Implementation 

www.miwwat.org 











 

• Water wars are exactly what we need to avoid 
in Oklahoma. 

• Representative Tom Cole, U.S. House of Representatives 
• Oklahoma Governor’s Water Conference, October 26th, 2010 

 



• http://conserveonline.org/workspaces/eloha 


