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Environmental Flow Prescriptions by River

Rivers for which environmental flows have been or are being prescribed

Presenter
Presentation Notes
 River-specific approaches leave an assessment & protection gap at regional scale
Current regional-scale assessment methodologies tend to be “rule of thumb”

Working with partners across the U.S. and in many other countries, Conservancy scientists have employed these methods to set environmental flow standards for thousands of kilometers of rivers around the world.  In so doing, the Conservancy has demonstrated the viability of its collaborative, science-based approach to water management and conservation.  (Show TNC river projects)

Many rivers will require detailed, site-specific environmental flow studies, due to intense competition for their water or the need to give endangered species the special attention they deserve. But setting environmental flow standards one river at a time will never be fast enough to protect the thousands of rivers highlighted in TNC’s conservation blueprints.  Even as hundreds of kilometers of rivers attain some level of protection, millions of kilometers remain vulnerable.  (Click to show the rest of the major rivers in US) 

Tom Fitzhugh’s note: The total stream mileage for rivers with flow recommendations is 10,984, out of a total mileage in the lower 48 states of 703,199, so we've done flow recommendations for a whopping 1.6%!  Although since the river data used here are 1:500,000 scale (I think I erroneously said 1:250,000 before), there are really more miles than that out there.  Also, for the rivers without flow recs, only the biggest of the 1:500,000 scale rivers are shown on this map (those with a drainage are of > 500 sq. kilometers). 






Criteria for a Regional 
Environmental Flow Method

Applies across a spectrum of:

Data availability and scientific capacity

Addresses many rivers simultaneously

Explicitly links flow and ecology

Social and political contexts

Flow alteration types 

Presenter
Presentation Notes
The workshop participants cited these criteria for a regional e-flow method.
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The challenge of providing environmental flow 
rules to sustain river ecosystems. Ecological 

Applications 16(4):1311-1318

Presenter
Presentation Notes
In 2006, Arthington et al set out the conceptual framework.
And now, in 2008, all of the workshop participants and some others (Jay O’Keefe, Mike Acreman, Eloise, etc) have developed specific guidance for carrying out the framework:  

Ecological Limits of Hydrologic Alteration, or ELOHA -- a scientific approach for setting environmental flow standards over geographic areas as large as a state or country.  ELOHA builds upon the wealth of knowledge gained from site-specific approaches.  Compared to river-by-river approaches, ELOHA is highly cost effective and provides water managers with the ability to protect environmental flows throughout their jurisdictions. ELOHA will accelerate the protection of environmental flows
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Flow Alteration - Ecological Response Curve

Presenter
Presentation Notes
The key to ELOHA is flow-ecology response curves, which synthesize existing hydrologic and biological databases from many rivers within a region for different types of rivers found within a region.  These flow-ecology curves correlate ecological condition, which cannot be managed directly, to streamflow conditions, which can be managed through water-use policies.  
More on flow-ecology curves later.  But first, how do we get there?
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Presenter
Presentation Notes
This flow chart depicts the entire ELOHA method.
ELOHA
   Scientific process
        Hydrology
        Ecology
   Social process

For the rest of the presentation, we’ll walk through each step.  

Start with Hydrologic Foundation
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Presenter
Presentation Notes
The step numbers at top left of this and subsequent slides correspond to the steps described in the ELOHA Fact Sheet and the draft journal article.
Describe hydrologic foundation
(Click) Use baseline hydrographs to develop river classification



River Classification

MICHIGAN, USA Seelbach et al

Hydrology-based

Define flow-ecology 
response curves for 
types of rivers

Step 2

Presenter
Presentation Notes
This example probably has too many river types, but it’s useful because it shows that river types do not necessarily group geographically.
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Presenter
Presentation Notes
Hydrologic foundation used to calculate hydrologic alteration at all analysis nodes in the region.



Compute Hydrologic AlterationStep 3

Duration of zero-flow period

Strongly linked to ecological condition 

Amenable for use as water management targets 

Percent of August flow diverted

Timing of flood peaks
Examples

Criteria

SELECTING HYDROLOGIC VARIABLES

Presenter
Presentation Notes
Emphasize that data are compiled from existing sources, not collected in new monitoring program at this point.
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Compute Hydrologic AlterationStep 3

For each:

Output from TNC’s IHA
software

Presenter
Presentation Notes
COMPUTING FLOW STATISTICS AND HYDROLOGIC ALTERATION
Hundreds of flow statistics that are already being used in hydro-ecological research and environmental flow assessments may also be used in ELOHA.  Among these are the 34 “Environmental Flow Components,” or EFCs, introduced by The Nature Conservancy to describe the magnitude, duration, frequency, timing, and rate of change of pulses, large and small floods, and low and extreme low flows.  EFCs are well suited for ELOHA because they strongly link between environmental flow assessment and implementation, and they have clear ecological relevance.  Because EFCs are intuitive to hydrologists, ecologists, and water managers alike, they greatly facilitate communication and understanding between the disciplines.  The Nature Conservancy’s Indicators of Hydrologic Alteration (IHA) software (free download at nature.org/freshwaters) calculates hydrologic statistics, including EFCs, and also measures the degree of hydrologic alteration between baseline and developed conditions.  ELOHA uses statistical methods to select a small, manageable subset of non-redundant flow variables for analysis of hydrologic alteration.



Compute Hydrologic Alteration
Step 3

Output from The Nature 
Conservancy’s Indicators of 

Hydrologic Alteration (IHA) software

Presenter
Presentation Notes
Example of hydrologic alteration – IHA output



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

Presenter
Presentation Notes
Recap:
Start with hydrologic foundation
(Click) Just talked about using baseline hydrographs to classify streams
(Click) Next, use baseline + developed-condition hydrographs to compute degree of hydrologic alteration within each stream segment (or, at each “control point”)



Headwater Type                  
Extreme low flow duration: + 26%       
Extreme low flow magnitude: - 13% 
June low flow magnitude: - 18%       
High-flow pulse frequency: + 7%     
Small flood frequency:  - 13%              
Large flood frequency: - 4%

Large River-Floodplain Type        
Extreme low flow timing: + 39%    
December low flow magnitude: + 45%       
High-flow pulse frequency: + 26%        
Small flood frequency:  - 47%              
Small flood timing: + 22%                      
Large flood frequency: - 81%

River Segment

Presenter
Presentation Notes
So, at this point in the ELOHA process, we have a database (ideally GIS) of stream segments (control points) and with each segment is associated a river type and measures of hydrologic alteration.
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Presenter
Presentation Notes
Step 3, which I just explained, was to compute the degree of hydrologic alteration for each river segment.  
(Click).  Then, we group the hydrologic alteration data by river class, or type. 
Remember, our goal is to develop flow-ecology response curves relating hydrologic alteration to ecological condition for each river class.
(Click) To remind you again, here is a flow-ecology response curve.  So, we now have the data for the x-axes of the curves for each hydrologic variable within each river class.  Where do we get the data for the corresponding y-axis?
(Click) We do that through the ecological analysis, beginning by developing flow-ecology hypotheses.  By starting with hypotheses, our flow-ecology relationships are mechanistic and not simply empirical, and our subsequent data compilation is systematic.




Flow Alteration- Ecological Response Relationships
Step 4
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FLOW-ECOLOGY HYPOTHESES

Presenter
Presentation Notes
Hypothetical curves state specific flow and ecological variables, although the axes don’t yet have numbers.  One approach: facilitated interdisciplinary workshop, culminating extensive literature search.
Examples:
Invert richness (or biomass) vs. frequency of small floods:
decreasing frequency of substrate-disturbing floods leads to shift to long-lived, large-bodied species; declines in biodiversity as fine sediments accumulate  
increasing frequency of substrate-disturbing floods leads to a shift to weedy species and loss of species with poor recolonisation ability
relevant for small streams/rivers with low-moderate CVs of daily flows (ie non flashy systems)

Invert richness (or biomass) vs. magnitude of extreme low flow:
 decreasing extreme low flow would lead to loss of diversity (and probably biomass) 
(i) in pools - as water quality declines associated with cease-to-flow; 
(ii) in riffles as area of wetted habitat declines; 
both abruptly decline with de-watering
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Presentation Notes
Last slides: flow-ecology hypotheses expressed as graphs.
Next: Compile data to put numbers on the graphs.



Flow - Ecology Response CurvesStep 4

Are valued by society

Riparian vegetation recruitment

Sensitive to existing or proposed flow alteration 

Can be validated with monitoring data

Larval fish abundance

Aquatic invertebrate species richness 
Examples

Criteria

ECOLOGICAL DATA COMPILATION

Presenter
Presentation Notes
Emphasize that data are compiled from existing sources, not collected in new monitoring program at this point.
Data can be indirectly related to biological condition.  Examples: geomorphic condition, water quality (DO, temp), social measures such as fish catch.
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Presenter
Presentation Notes
Last slide: data compilation
Next: plot ecological data vs hydrologic alteration for each class of river.  Every dot on the graph represents a different site at which ecological were collected.  Thanks to the Hydrologic Foundation, we also have measures of hydrologic alteration for every site, so we can plot ecological condition vs hydrologic alteration.

Next 3 slides show examples using real data.  (First 2 aren’t couched in terms of hydrologic alteration because they were not developed for ELOHA projects, but could conceivably convert x-axes to measures of hydrologic alteration)
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SAN PEDRO RIVER, ARIZONA, USA Stromberg et al (2005)

Flow - Ecology Response Curves
Species cover vs. flow permanence

Presenter
Presentation Notes
Note that some relationships appear to be linear, others are curvilinear, and others indicate thresholds.  
Source:�Stromberg JC, KJ Bagstad, JM Leenhouts, SJ Lite, E Makings. 2005. Effects of stream flow intermittency on riparian vegetation of a semiarid region river (San Pedro River, Arizona). River Research and Applications 21:925-938. Permission required for reproducing these data or this figure.

Julie’s notes: Response curves for individual species show that some, such as bulrush and rush, show a threshold type relationship, with their cover along the low-flow channel dropping to zero as stream flow changes from perennial (i.e., 100% flow permanence) to intermittent.  Others such as Bermuda grass increase in cover as the stream becomes drier. 
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Presenter
Presentation Notes
Now that we have flow-ecology response curves for each type of river in a region, how is that information used to manage e-flows?
(Click three times while walking through the first 3 steps of the social process)
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Presenter
Presentation Notes
Progression from flow alteration-ecological response relationships to environmental flow standards (modified from Michigan Groundwater Conservation Advisory Council, 2007).  Using existing fish population data across a gradient of hydrologic alteration, scientists developed two flow-ecology relationships between populations of “thriving” (specialist) and “characteristic” (more generalist) fish species versus proportion of “index” (median August) flow reduction in 11 stream types in Michigan, USA.  A diverse stakeholder committee then proposed a ten percent decline in the thriving fish population index as an acceptable resource impact, and a ten percent decline in the characteristic fish population index as an adverse impact.  The corresponding flow alteration (X-axis) would trigger environmental flow management actions associated with each of these ecological conditions.  The “ten-percent rule” applies to all of the 11 stream types, but the shapes of the curves – and therefore the allowable degree of hydrologic alteration -- vary with stream type. 



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

Presenter
Presentation Notes
Now that e-flow standards have been set, how are they implemented to protect and restore e-flows?
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Presentation Notes
Step 3.  Implement environmental flow management by incorporating environmental flow targets into the hydrologic model developed in Step 1 of the Scientific Process.  Because that model accounts for the cumulative effects of all water uses, it can be used to assess the practical limitations to, and opportunities for, implementing environmental flow targets at any control point in the project area, or for every point simultaneously.  It can be used, for example, to prioritize restoration projects, optimize water supply efficiency, or account for cumulative upstream and downstream impacts in permitting decisions.  For basins in which water is already over-allocated, it can help target flow restoration options such as dam re-operation, conjunctive management of ground water and surface water, drought management planning, demand management (conservation), and water transactions (leasing, trading, purchasing, banking) mediated by water trusts and markets.  
The hydrologic model used to build the hydrologic foundation is, in essence, a key tool for comprehensive regional water management into which environmental flow targets are integrated.  Thus, ELOHA’s hydrologic foundation anchors decisions about future water allocation and river management to a comprehensive understanding of the availability, location, and timing of the flows  needed to maintain or restore the overall health of a region’s river ecosystems. 
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For further information:
Dr. Eloise Kendy

Director, Environmental Flows Program
The Nature Conservancy

ekendy@tnc.org
nature.org/ELOHA

nutrient cycling

Presenter
Presentation Notes
Nature.org/freshwaters has links to IHA software, Arthington et al, and other useful info.  Plans to include ELOHA toolbox.
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Extra slides



Implementing Environmental Flow Targets

Restoration

Protection

Conjunctive ground- / surface-water use

Demand management (conservation)

Dam re-operation

Water transactions
Moving diversion points

Drought management planning

Comprehensive water management plan
Withdrawal permitting

Land-use decisions (growth management)

Presenter
Presentation Notes
What do we mean by “implementing” environmental flow management?



Compute Hydrologic Alteration
Step 3

Output from The Nature 
Conservancy’s Indicators of 

Hydrologic Alteration (IHA) software

Presenter
Presentation Notes
Another example
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