ELOHA Case Studies
The representative case studies listed here advance our understanding of the limits and capabilities of ELOHA under a broad range of conditions. Some, like Pennsylvania, USA, are intentionally applying the ELOHA framework. Others, like Michigan, USA, exemplify various components of the ELOHA framework, without intentionally striving to do so.
AUSTRALIA
Hirji and Davis (2009b, pages 11-19) describe and analyze recent water policy reforms in Australia, including National Priciples for Provision of Water to Ecosystems, the Council of Australian Governments (COAG) Water Reform Framework, the Water Act of 2007, the National Water Initiative (NWI), and the role of the National Water Commission. The report assesses the Australian water reforms in terms of the legal standing for environmental water allocation, inclusion of environmental water provisions in basin water resources plans, assessment of all relevant parts of the water cycle when undertaking environmental flow assessments, methods for setting environmental flow objectives, attention to both protection and restoration of environmental flows, requirements for stakeholder involvement, authority to audit implementation, and mechanism for turning value-laden terms into operational procedures.
The recently established Environmental Water Scientific Advisory Committee will advise the Australian Government as it embarks on a monumental reform of water management for the Murray-Darling Basin. This committee will provide expert advice on setting environmental watering priorities, monitoring the benefits of environmental flows, and identifying knowledge gaps.  Dr. Barry Hart of Monash University in Clayton, Victoria, chairs the committee.

The Murray-Darling Basin Sustainable Yields project links together 70 surface- and ground-water models to generate a comprehensive assessment and synthesis of current and predicted water quantity throughout the 1,061,469-km2 basin on a monthly basis (CSIRO 2008a). Water management agencies can use this integrated system to assess the potential consequences of their management policies and climate change at a regional or basin scale. Four hydrologic indicators of flow alteration from pre-development conditions were consistently examined for 30 major, river dependent ecosystems: average period between winter-spring floods, maximum period between such floods, average winter-spring flood volume per year, and average winter spring flood volume per event. The Ecological Outcomes of Flow Regimes project links these predicted hydrologic changes to ecological responses of native fish, water birds, riparian and floodplain vegetation, aquatic vegetation, invertebrates, plankton, biogeochemistry and geomorphology.

Arthington's IEWA abstract outlines ongoing application of the ELOHA framework to identify the habitat, water quality and ecological consequences of contrasting types and degrees of flow regulation by existing dams and weirs, focusing on riparian and aquatic vegetation, fish, and the structure and drivers of aquatic food webs in southeastern Queensland, Australia. The final project report is due in December 2010.

Tropical rivers and Coastal Knowledge (TRaCK) research program, a collaboration of national research institutes, has generated exciting new information on how tropical ecosystems are structured, including the relative importance of different food sources driving aquatic food webs, patterns of regional biodiversity, hydrological bioregionalisation and conservation priorities. As part of this program, Pusey et al (2009); Kennard et al (in review) developed the first continental-scale eco-hydrological classification of hydrologic regimes for Australia to support environmental flow assessments; the Australian hydrologic classification contains 12 distinct classes of river types. Many TRaCK projects generated information on flow-ecology relationships and Project 5.7 was consequently designed to deliver a framework to integrate these links. After theme-level workshops, ELOHA was adopted as the integrative e-flows framework. Existing TRaCK projects have been mapped against the ELOHA framework, which emphasizes the integrative nature of ELOHA. The ELOHA framework, in addition to providing a conceptual underpinning, can be used to highlight research gaps and consequently where future effort should be focused. In the TRaCK e-flows program (Project 5.7), the hydrological-ecological linkages supporting key assets have been identified as an area requiring further research, particularly to assess the multiple factors influencing key ecological assets.

For more information about ELOHA in Australia, contact:
Professor Stuart E. Bunn
Director, Australian Rivers Institute
Griffith University
Nathan, Queensland
Australia 4111
ph: (61-7) 37357407
fax: (61-7) 37357615
email S.Bunn@griffith.edu.au
http://www.rivers.edu.au/
www.griffith.edu.au/centre/australian-rivers-institute/
CHINA
The Chinese Ministry of Water Resources in collaboration with the Australian Department of Environment, Water Heritage and the Arts propose a detailed environmental flows framework based on ELOHA as part of a Water Entitlements and Trading Project (Anon 2008, (Part 2, p71-123 and Part 3).

For more information about ELOHA in China, contact:

Professor Stuart E. Bunn
Director, Australian Rivers Institute
Griffith University
Nathan, Queensland
Australia 4111
+61-(0)7 37357407
email S.Bunn@griffith.edu.au
http://www.griffith.edu.au/centre/australian-rivers-institute/
www.griffith.edu.au/centre/australian-rivers-institute/
COLOMBIA
The Magdalena River basin is the most important source of water in Colombia and one of the most biologically diverse areas in the world; it spans almost every Andean ecosystem, from snow-capped mountains, cloud forests, high-altitude grasslands and wetlands, to dry forest valleys and coastal lagoons. The 274,000 km2 basin presently generates 85 percent of Colombia's GDP, with at least 20 million people relying on the river network as their source of drinking water and food. The 1,528 km-long Magdalena River also provides 70 percent of Colombia's hydropower and 95 percent of the country's thermoelectric energy and serves as a vital commercial freight artery linking the interior highlands with the coastal lowlands. However, intense agriculture, ranching, agrochemical pollution, roads, mining, and dams, reservoirs and other water infrastructure projects are changing the natural systems. Currently, 34 major dams retain water in the basin, and 47 more are planned for the next 10 years.

Therefore, the Environmental Ministry of Colombia (MAVDT) is developing an environmental flow policy to mitigate the impacts of hydrological alteration. The Nature Conservancy, in collaboration with MAVDT and a team of interdisciplinary scientists from Javeriana University, Colombia, started a study on Environmental Flows for the entire Magdalena River basin using the ELOHA framework. Results of the first phase in 2010 characterized hydrology of the mainstem Magdalena and Cauca Rivers and their tributaries, based on available flow records. Rivers were grouped into 23 types according to their flow patterns. Freshwater ecological information was collected from the literature and previous studies. In October 2010, a facilitated expert workshop derived hypotheses of flow-ecology relationships, built preliminary "ecological - flow curves" for each river type, and set the stage for designing a decision support tool for managing environmental flows and water use concessions for the Magdalena basin.

For more information about ELOHA in Colombia, consult the ELOHA project database or contact:

Patricia Tellez
Freshwater specialist
Northern Andes and Southern Central America (NASCA) Program
The Nature Consevancy
Bogotá, Colombia
(571) 321-4051
ptellez@tnc.org
and

Thomas Walschburger
Science Coordinator
Northern Andes and Southern Central America (NASCA) Program
The Nature Consevancy
Bogotá, Colombia
(571) 321-4051
twalschburger@tnc.org
EUROPEAN UNION
The EU Water Framework Directive has, since 2000, strived to harmonize water management across national borders. Each member state is required to bring all of its water bodies at least to "Good Ecological Status" by 2015. Acreman and Ferguson (2010) provide a detailed explanation of environmental flow determination and provision under the Directive, with examples of its implementation in the UK. The approach has many elements of ELOHA, including river classification and using expert opinion to quantify percent allowable flow abstraction for each river type. Hirji and Davis (2009b, pages 21-29) assess the WFD in terms of the legal standing for environmental water allocation, inclusion of environmental water provisions in basin water resources plans, assessment of all relevant parts of the water cycle when undertaking environmental flow assessments, methods for setting environmental flow objectives, attention to both protection and restoration of environmental flows, requirements for stakeholder involvement, authority to audit implementation, and mechanism for turning value-laden terms into operational procedures.  See also United Kingdom case study, below.

MEXICO
The Nature Conservancy and WWF are participating in Mexico's national multi-agency technical working group, commissioned by the National Water Commission (Comisión Nacional del Agua, CONAGUA), the government agency responsible for stewardship and development of the country's water resources, to formulate a national technical standard (Norma PROY-NMX-AA-000-SCFI-2010) for setting environmental flows for the country's waterbodies. The CONAGUA recognised the need to invest in safeguarding the long-term sustainability of its water resources, particularly in the face of the documented continued deterioration in river ecosystem health and associated benefits for people countrywide.

The Norma, currently drafted and under internal review by CONAGUA (PROY-NMX-AA-000-SCFI-2010), is linked to the Norma Oficial Mexicana, NOM-011-CONAGUA-2000, used to calculate basin water availability under Mexico's National Water Law. It proposes a four-level hierarchy of methods for determining environmental flows, from planning (Levels 0 and 1) to comprehensive levels (Levels 2 and 3). The proposed methods range from simple desktop hydrology-based to detailed interdisciplinary assessments, to match the sophistication of flow recommendations to available resources and capacity, ecosystem importance and condition, and the anticipated extent of hydrologic alteration with water resource and infrastructure development. Not only focused at individual site or project level, the standard also incorporates locally tailored procedures to apply the Ecological Limits of Hydrologic Alteration (ELOHA) framework for regional assessment at a basin or supra-basin scale.

TNC is developing a case study in the Coastal Watersheds of Chiapas. The collection of small basins of the Chiapas Pacific Coast, an area of extremely high biodiversity and cultural significance, were identified by TNC and partners as an ideal region for a pilot test of ELOHA, in addition to other complementary innovative strategies addressing climate change resilience and sustainable financing for watershed protection through water funds. The CONAGUA has recently initiated the process of calculating within three years, for subsequent publication and regulatory enforcement, the current water availability for all users of the water resources of each of the 24 river basins and their 38 major rivers. While the NOM-011 does not provide for the inclusion of a volume and associated regime of water flows to maintain river health, in line with the emerging national policy on environmental flows, CONAGUA Chiapas State (division of Water Planning and National System of Information on Water) is willing to include environmental flow allocations within its estimates of future water resources for the basins, if those needs can be estimated by technical experts over a reasonable timeframe. CONAGUA also intends to support and participate in the development and implementation of environmental flow standards to proactively protect or restore critical freshwater and coastal assets, including within one of their national IWRM flagship project basins located on the Pacific Coast.

At this stage, all available sources of baseline information required for an ELOHA application have been collated and a corresponding metadata inventory compiled. A series of GIS data layers have been prepared, covering the biophysical and select socioeconomic characteristics of the river basins. All available sources of hydrological data have been identified for the region and a preliminary hydrological classification of river types has been conducted by TNC and the University of Washington. The next steps include: finalizing the river types, after inclusion of a simple fine-scale geomorphic sub-classification; working with local ecological experts, including EcoSur, to develop flow-ecology and flow alteration-ecological response relationships for key ecological indicators of river condition, such as fish species and mangrove assemblages; analyzing the different basin institutional arrangements across the region, in collaboration with key stakeholders, to be able to set and implement agreed environmental flow standards; developing and setting in motion a monitoring protocol for adaptive flow management; and, not least, incorporating the environmental flow estimates in ongoing basin water availability calculations.

For more information about ELOHA in Mexico, please contact:

Rebecca Tharme
Senior Aquatic Ecologist
Global Freshwater Program
The Nature Conservancy, U.K.
rtharme@tnc.org
Nélida Barajas
Mesoamerican Freshwater Specialist
The Nature Conservancy, Mexico
nbarajas@tnc.org
SOUTH AFRICA
South Africa's 1998 Water Act ushered in a whole new way of allocating water, and inspired similar reforms around the world. For the first time, water allocations were prioritized according to (1) human drinking and sanitation needs, (2) ecological health, and (3) other human uses, including industry and agriculture – in that order. This landmark legislation spawned unprecedented advances in ecological and social science related to environmental flows, which have since been exported worldwide. Its regional influence is evidence by the 2005 Southern African Development Community Regional Water Policy, representing 200 million people and covering 9.3 million square kilometers, which states that "Member States should, in their mechanisms for allocating water resources among many users, allocate sufficient water to maintain ecosystem integrity and biodiversity including marine and estuarine life."

The South Africa Draft Regulations for the Establishment of a Water Resource Classification System 19 September 2008 outline how each river reach will be classified according to its current and desired future condition. Hirji and Davis (2009b) provide a synopsis and assessment of South Africa's water management reforms. Although the advances have been ground breaking, actual implementation of environmental flow provisions has thus far fallen short of expectations. Pollard et al (2009) explore the reasons for the disappointing progress to date.

TANZANIA
Acreman et al (2005) articulated a ten-step approach for establishing the laws, institutions, capacity, training and data centers needed to implement an environmental flow program in Tanzania and other developing countries.

Hirji and Davis (2009b, pages 41-49) provide a useful summary and assessment of the Tanzanian National Water Policy of 2002 and other complementary reforms in the environmental sector.  The policies include provisions for environmental flows, water quality maintenance, and groundwater and surface water protection. The Tanzanian reforms were strongly influenced by South Africa, but are being implemented under more data-, resource-, and capacity-limited circumstances.
For more information about ELOHA in Tanzania, contact:

Mike Acreman
Visiting Professor of Geography
University College London andHead of Hydro-ecology and Wetlands
Centre for Ecology and Hydrology
Crowmarsh Gifford
Wallingford
Oxfordshire OX10 8BB
United Kingdom
+44 1491 692443
man@ceh.ac.uk


UNITED KINGDOM
The UK has introduced environmental flow policies in a stepwise manner over the last two decades. The Catchment Abstraction Management process initiated in 1999 incorporated a common standard for variable limits on abstraction across the country, with increasingly smaller amounts of abstraction permitted as flow levels decreased (Dunbar et al., 2004). The standard was determined by comparing flows simple hydrology-based look-up tables to water availability in catchments. The process identified those catchments where further water was available for abstraction, those where no more water was available, and those where abstraction was already judged to exceed sustainable limits. This standard was used in catchment-based assessments across the country as a basis for capping future licences. This enabled the rapid introduction of a cap across the country. A more detailed assessment was needed in cases where reductions in abstraction were required; for example, to reduce water abstraction on the River Itchen to meet the requirements of the EU Habitats Directive.

A more sophisticated set of limits has now been suggested under the European Union Water Framework Directive, with flow limits set according to river type, river condition goal, and time of year. To meet the requirements of the European Union Water Framework Directive, the United Kingdom produced two guidance documents (Acreman et al 2006; Acreman 2007) explaining how to: 1) build a hydrologic foundation; 2) develop a river classification and use it to structure flow standards; 3) assess hydrologic alteration; 4) develop risk-based standards for abstraction; and 5) define a process for developing environmental release regimes. These steps used best available scientific information and applied across a broad spatial scale. For a view of these documents through an ELOHA lens, see Apse et al (2008, p. 114-118). Acreman and Ferguson (2010) discuss the actual implementation of these steps in the UK. Empirical flow-ecology relationships were not developed in this case and there was no separate social process for standard setting, which was instead determined by expert consensus.

While legislation in 2003 enabled new licenses to be time-limited, it did not provide a mechanism for the systematic revision of existing licenses that impact environmental flows. Progress toward re-allocating water from existing uses to the environment is driven primarily by legal imperatives of the European Union Habitats Directive and has been slow to date. A small surcharge on water license charges provides limited financing for re-allocation. Powers to revoke and time-limit existing licenses are currently being considered by the UK government, alongside market-based mechanisms to encourage reductions in unsustainable abstraction. However, at the current time, there is no clarity on how this will be achieved (LeQuesne et al 2010).

For more information about managing environmental flows in the UK, contact:

Mike Acreman
Visiting Professor of Geography
University College London and
Head of Hydro-ecology and Wetlands
Centre for Ecology and Hydrology
Crowmarsh Gifford
Wallingford
Oxfordshire OX10 8BB
United Kingdom
+44 1491 692443
man@ceh.ac.uk


VIETNAM
The rapid development of new hydropower infrastructure – and Vietnam's vulnerable position as the downstream riparian sharing transboundary waters – precipitated the adoption of its first Law on Water Resources in 1998. The law and subsequent implementing decrees and National Water Strategy fundamentally embed environmental protection into water resource management and exploitation. However, two government agencies with similar mandates compete over water resources management. Vietnam's Ministry of Agriculture and Rural Development (MARD) has long had the responsibility for water resource development and infrastructure operations, whereas the Ministry of Natural Resources and Environment (MoNRE) is a relatively new ministry and has only recently acquired responsibility for water resources management. As a new ministry, MoNRE is making efforts to build institutional capacity; however, MARD retains its research institutes and water resource data, which it does not share readily with MoNRE. Both agencies are conducting parallel, but uncoordinated, efforts to manage water resources. These institutional challenges have impeded implementation of the inspiring new legal framework, constraining the application of best available science at the national level. As a result of the relatively recent introduction of the concepts of environmental flows and technical capacity issues, the national regulation recommends strictly hydrology-based environmental flow prescriptions. Meanwhile, on-the-ground demonstration projects are spurring adoption of more progressive approaches at the provincial level. (LeQuesne et al 2010).

A Danish International Development Assistance (DANIDA) grant funded the Vietnam Department of Water Resources Management, Ministry of Natural Resources and Environment (MoNRE) to develop and improve national and provincial frameworks, structures, and coordination measures necessary to establish Integrated Water Resource Management (IWRM) in accordance with these new policies. As part of this project, The Nature Conservancy (TNC), WWF, and MoNRE designed a national framework for establishing sustainable river flows in Vietnam, based on Richter's (2009) Sustainability Boundary Approach. The final report was submitted ito MoNRE in August 2009.

UNITED STATES
Arizona. In the 8,000-km2 Verde River basin in Arizona, scientists conceptualized flow alteration-ecological response relationships through a collaborative expert process. The outcome focused subsequent field studies directly on quantifying these relationships. The fine-tuned relationships will help water managers interpret separate ground-water modeling results in terms of the ecological impacts of proposed ground water pumping (Haney et al. 2008). According to the project proposal, this work will inform the development of linked ground water, surface water, and ecological models that can predict ecological responses to water-management scenarios.

For more information about ELOHA in Arizona, consult the ELOHA project database or contact:

Jeanmarie Haney
The Nature Conservancy in Arizona
Cottonwood, Arizona
USA
jhaney@tnc.org
+1 928 227 0786

Colorado. In 2005, the Colorado Legislature passed the Colorado Water for the 21st Century Act, which created nine geographically defined state water basins and mandated that specific stakeholders, such as agriculture and recreation, be represented at each basin roundtable.  Each basin has the opportunity and funding to conduct its own water needs assessment. The results of these assessments will frame discussions about future water diversions and allocations within the 269,596-km2 state. The assessments must address both water needs and availability issues, including consumptive and non-consumptive (recreation and environmental flows) water needs.
The Watershed Flow Evaluation Tool (WFET) will help basin stakeholders assess non-consumptive flow needs by associating flow status with ecological response by stream type. The three major steps in the development of the WFET are: 1) use existing data and expert opinion to develop flow ecology relationships (Wilding and Poff, 2008), 2) develop a hydrologic foundation of daily natural and altered flows, and 3) combine flow ecology relationships and the hydrologic foundation to assign risk status for specific attributes across entire watersheds at a reach or sub-basin scale. The project proposal explains how various entities collaborated on this multi-disciplinary endeavor. A March 2009 PowerPoint presentation by John Sanderson shows some preliminary results.  A December 2009 article by John Sanderson summarizes the project, while accompanying articles in the volume describe the legal and political context of instream flow management in Colorado. Sanderson et al 2011 provide an excellent project overview.

CDM et al (2009) compared two pilot studies that used the WFET to estimate ecological risk at individual sites. One pilot watershed (Roaring Fork) is data-rich and has a hydrologic foundation, while the other (Fountain Creek) is data-poor and has only gaged streamflow data. Pages 1-3 to 1-4 concisely list the capabilities and limitations of the WFET (or ELOHA) compared to site-specific studies. In the report, the WFET is used to answer two questions: How have flows changed from baseline to existing conditions? How do these flow changes relate to ecological changes or risk? Determination of ecological risk, beginning on page 2-7, is analogous to dividing the y-axis of ELOHA's flow-ecology curves into "excellent, good, fair, and poor", for example. Page 2-16 presents rules for transferring results from analysis nodes to the intervening stream segments. The results are presented as color-coded maps.

To develop the flow-ecology relationships underlying the WFET, Wilding and Poff (2008) mined diverse data from 149 sources, including journal articles, technical reports and theses. From this information, they quantified relationships between streamflow conditions and riparian vegetation, cold water and warm water fish, aquatic macroinvertebrates, and recreation (kayaking, rafting) in three types of streams. Comparison of measured ecosystem parameters across a range of flow conditions (varying levels of modification) allowed patterns to emerge that provided a basis for quantifying ecosystem response. Where ecosystem complexities precluded a simple monotonic response to flow change, the best-available flow-ecology relationship was inferred as the ceiling of the scattered data, as defined by quantile regression (Cade and Noon 2003).
In 2010, the WFET expanded from the Roaring Fork Watershed WFET Pilot to the entire mainstem Colorado River basin, from its headwaters to the border with Utah. The final product is expected near the end of the year. Once complete, the tool will be used to assess effects of existing and possible future water management scenarios on fish and riparian habitats. The WFET is also being developed in the Yampa and White River basins, to be applied in a similar manner. The Yampa/White effort should be completed by spring/summer 2011. Both projects are funded by the Colorado Water Conservation Board with resources provided by the 2005 Colorado Water for the 21st Century Act.
A separate study of high-gradient, subalpine streams in the 770-km2 Fraser River basin informs management of water-supply diversions to the City of Denver, Colorado. Scientists in a facilitated expert workshop listed ecological attributes associated with streamflow in the catchment; identified key components of the flow regime that sustain those values; and set preliminary, quantifiable criteria for informed management decisions. Flow-ecology relationships that resulted from the workshop were summarized and expressed in a "flow template" as explicit relationships between alteration of six flow metrics and ecological status of cutthroat trout, amphibians, riparian plant communities, beaver, aquatic macroinvertebrates, sediment and water quality. Natural and fully developed streamflows were modeled for a 45-year period (1947-1991) to build a hydrologic foundation. Flow alteration of six hydrologic metrics was evaluated for six locations in the catchment using IHA software (J.S. Sanderson unpublished data). The results generated by these analyses were used to evaluate tradeoffs among streams for the management of ‘spills' during high runoff periods by identifying which parts of the flow regime to restore, and in which locations the most ecological benefit could be gained.
For more information on ELOHA in Colorado, consult the ELOHA project database or contact:

John Sanderson, Ph.D.
Senior Freshwater Ecologist
The Nature Conservancy
Colorado Field Office
117 E. Mountain Ave., Suite 222
Fort Collins, CO 80524
USA
+1 303 324-2924
jsanderson@tnc.org

Connecticut used an expert consensus approach to draft a streamflow regulation based on best available science. The draft regulation sets flow standards that apply to withdrawals and reservoir releases for 6 seasonal bioperiods – overwinter (Dec-Feb), habitat forming (Mar-Apr), clupeid spawning (May), resident spawning (Jun), rearing and growth (Jul-Oct) and salmonid spawning (Nov). Three classes of rivers are designated according to ecological condition goals (below), with a different set of standards applying to each class (Apse et al 2008, p. 150-153). These standards take into account local hydrologic conditions, the differing hydrologic impacts associated with active storage Vogel et al 2007) and direct withdrawal, the need for balancing, and ease of policy implementation. Smith (2007) describes computer models used to help balance changing water demands with environmental needs. Promulgation of the draft regulations prompted Vokoun and Kanno (2009) to evaluate fish assemblage response to water withdrawals and impoundments in Connecticut.
Class 1 - Natural

Class 2 - Near Natural

Class 3 - Ecologically Sufficient

Class 4 - Ecological Non-Attainment Waters

For more information about Connecticut's draft environmental flow regulation, visit the Connecticut Department of Environmental Protection website and the EPA research project website, see Apse et al (2008, p. 150-153), consult the ELOHA project database or contact:

Colin Apse
Deputy Director, Eastern U.S. Freshwater Program
The Nature Conservancy
14 Maine Street, Suite 401
Brunswick, Maine 04011
USA
capse@tnc.org
Connecticut River Basin Sustainable Water Management project is modeling unimpaired flows and dam operations to improve basin water management for multiple goals through re-operation of multiple dams along the mainstem and tributary rivers. The Nature Conservancy, U.S. Army Corps of Engineers, University of Massachusetts, and the Consensus Building Institute are collaborating to incorporate flow-ecology relationships and target floodplain restoration sites into future dam operations, informed by optimization modeling. For further information, including publications and presentations, consult the ELOHA project database, or contact:

Kim Lutz
Connecticut River Basin Program Manager
klutz@tnc.org
Florida. Hirji and Davis (2009b, pages 51-57) provide a useful summary and assessment of environmental flow policies in Florida. Although not an ELOHA application, the Florida case study is very informative due to its evolution since maintenance of "minimum flows and levels" were first required in the 1970s.

For more information about environmental flow policies in Florida, contact:

Doug Shaw
Director, Conservation Science
The Nature Conservancy
University of Florida
P.O. Box 118526
Gainesville, Florida 118526
USA
dshaw@tnc.org
Georgia. In separate studies, scientists in the15,100-km2 lower Flint River Basin and the 4,700-km2 upper Flint River Basin developed empirical models that relate changes in flow regime to changes in fish assemblage and distribution. These flow-ecology relationships are being used to evaluate biological impacts of various water-management scenarios.


Maine. In 2007, Maine became the first state in the USA to adopt statewide environmental flow and lake level standards based on principles of natural flow variation necessary to protect aquatic life resources and important hydrological processes. Five years of public debate shaped the policy between the time the authorizing statute passed and the time the regulatory standard was adopted. Because Maine lacks a statewide water abstraction management program, the new standards are implemented by staff from a pre-existing state water quality standards program. New river condition goals did not have to be established; instead, the new seasonal flow standards are associated with existing river condition tiers, or goals, that were previously instituted under the water quality program. These policies link ecological goals (below) to environmental flow criteria through a river classification scheme and explicitly protect high-flow events for many rivers:

Class AA - Outstanding natural resource for preservation
Class A - Habitat for fish and other aquatic life is natural
Class B - Habitat for fish and other aquatic life is unimpaired
Class C - Habitat for fish and other aquatic life exists

Currently, Maine is helping water users meet the flow standards by providing expedited permitting and financial support for off-stream reservoir projects for storing water when excess is available, for use during low-flow periods.

For more information about Maine's new environmental flow policies, contact:

David Courtemanch Ph.D.
Director, Division of Environmental Assessment
Maine Department of Environmental Protection
Augusta, Maine 04333
USA
+1 207 287 7789
Dave.L.Courtemanch@maine.gov
Maryland (Middle Potomac River basin). The U.S. Army Corps of Engineers, The Nature Conservancy, and the Interstate Commission on the Potomac River Basin are collaborating on a watershed assessment, which will establish flow-ecology relationships and determine environmental flow needs of the 38,000-km2 Middle Potomac River basin. A site-specific approach (Richter et al, 2006) will be applied to the mainstem, while an ELOHA-based approach will be used for the tributary streams. Both types of assessments will rely significantly on facilitated expert workshops. The project began in 2009 and is expected to be completed in 2.5 years. For more information about the Middle Potomac River Watershed Assessment, contact:

Stephanie Flack
Project Director
The Nature Conservancy
Bethesda, Maryland
USA
+1 301-897-8570
sflack@tnc.org
Massachusetts is developing several tools to improve state water management. The Sustainable-Yield Estimator (SYE) uses an innovative "modified QPPQ" regression approach for estimating natural and current daily streamflow at ungauged sites (Waldron and Archfield 2006; Archfield et al 2010) – a promising approach for cost-effectively building ELOHA's hydrologic foundation. In addition, the U.S. Geological Survey has linked fish community composition to streamflow alteration for basins in eastern Massachusetts (Armstrong et al 2010).  Weiskel et al (2010) developed indicators to characterize various types of potential alteration for sub-basins and groundwater contributing areas in Massachusetts.

For more information about ELOHA in Massachusetts, visit the Massachusetts Sustainable Water Management website, consult the ELOHA project database or contact:

Colin Apse
Deputy Director, Eastern U.S. Freshwater Program
The Nature Conservancy
14 Maine Street, Suite 401
Brunswick, Maine 04011
USA
capse@tnc.org


Michigan. To meet the requirements of the 2008 Great Lakes-St. Lawrence River Basin Water Resources Compact, the 253,793-km2 State of Michigan recently amended its existing water law to protect environmental flows from future water withdrawals. However, because of the politically powerful interests vested in maintaining current water uses, the newly amended law exempts existing water uses and relies on current ecological conditions as its baseline. The amendment would have been impossible to pass without this exemption (R. Bowman, personal communication, 29 February, 2008).

The amendment was implemented through a Water Withdrawal Assessment Process that set statewide environmental flow standards by stream or river type statewide. An advisory committee representing both stakeholders and scientists developed the process. Steinman et al (2011) describe how this committee was formed and the results it generated.  The committee began its work by crafting and agreeing upon a written set of guiding principles defining ecological and economic goals, potentially contentious terms, and the process upon which they were embarking.

The committee created an on-line tool that determines the ecological risk of proposed new surface and groundwater withdrawals. The tool links a groundwater model, surface water model, biological response model, and water use database to a decision support system for issuing or denying new water withdrawal permits. First stakeholders (Michigan Groundwater Conservation Advisory Council 2007) and then the state legislature decided on the allowable impairment of a lake's or stream's ability to support its characteristic fish population compared to the current condition. Modeled flow-ecology relationships for distinct river types (Brenden et al 2008) translate changes in ecological condition into allowable streamflow withdrawals. Ecological models quantify how fish guilds in different types of Michigan streams would change in response to decreased base flows, defined as median streamflow in the lowest flow month (i.e., August or September). The models use habitat suitability information (catchment size, base flow yield, July mean temperature) for more than 40 fish species to predict assemblage structure and characteristic fishes under a range of base flow reductions (Zorn et al, in review). These flow-ecology relationships are linked to a ground-water / surface-water model (Reeves 2008; Reeves et al, in review) (the "hydrologic foundation"), which underlies an online decision support system, the Water Withdrawal Assessment Tool (WWAT). Prospective water users access the online system to determine whether their proposed withdrawals, combined with the cumulative impacts of all upstream water uses, will degrade fish communities in excess of the allowable amount. The Michigan Water Resources Advisory Council houses the WWAT and supporting documents ("WRAC products").

In July 2008, Michigan passed the Natural Resources and Environmental Protection Act (Public Act 451 Part 324) mandating use of the online tool to screen potential impacts of all future high-capacity groundwater and surface-water withdrawals. Scientists used the best available science to relate flow alteration to ecological condition, but stakeholders still had to make the social decision of what ecological condition is acceptable. Both the science and the social decision are incorporated into the tool. This tool was "piloted," and stakeholders were given the chance to test the system and comment for one year before its use became mandated for all new water allocations. The Council of Great Lakes Governors is currently providing technical assistance to encourage other compact signatories to follow Michigan's leadership in rigorously incorporating environmental flow protection into their water management programs to meet the Compact requirements (Herbert and Seelbach, 2009; R. Bowman, personal communication, 29 February, 2008).

The involvement of stakeholders in the development and testing of this tool was groundbreaking and encourages future water use applicants to follow due process and consider the impacts of water use upon the environment (Herbert and Seelbach, 2009). Seedang (2009) identifies potential water use conflicts likely to arise from implementing the new ecology-based water withdrawal program and suggests water conservation, economic, and institutional approaches to resolve these conflicts in Michigan and other Great Lakes states. For a concise summary of Michigan's water withdrawal assessment process, see Apse et al (2008, p. 119-124).

For more information about Michigan's Water Withdrawal Assessment Tool, consult the ELOHA project database or contact:

Dr. Paul W. Seelbach
Fisheries Research Program Manager and
Michigan Department of Natural Resources
Institute for Fisheries Research
212 Museums Annex
Ann Arbor, Michigan 48109
USA
+1 734 663-3554 ext. 108
seelbacp@michigan.gov
Minnesota is using ELOHA to strengthen the scientific basis of its existing water withdrawal permitting program. From June 2010 to June 2011, The Nature Conservancy is facilitating the following activities:

• Literature review and inventory of relevant available datasets. 
• Survey of regionally relevant frameworks in use and under development in MN and other states.
• Initial scoping workshop and additional workshops as necessary to develop a working hydrologically-based classification of Minnesota's Lake Superior Basin freshwater systems, and to define and refine ecologically relevant flow parameters for assessment of flow alteration for each of those stream system classes.
• Development of a network of technical and strategic advisors for the ELOHA process in Minnesota
• Synthesis workshop for agency managers, academics, interested public, and conservation/ natural resource professionals on managing for environmental flows (late spring 2011).

For further information, consult the ELOHA project database, or contact:
Dr. Kristen Blann
The Nature Conservancy
kblann@tnc.org
 

Missouri is the second state to fully apply the U.S. Geological Survey's Hydroecological Integrity Assessment Process (HIP) (Henriksen et al., 2006) for classifying river types according to their hydrologic characteristics. A statewide hydrologic classification of ecologically relevant hydrologic characteristics for 140 least-impaired stream sites was completed (Kennen et al., 2009). Five distinct classes of river types were defined based on 53 metrics that describe streamflow magnitude, frequency, duration, timing, and rate of change. Two customized software tools were developed (Cade, 2008) to support implementation of the HIP in Missouri. These tools can be used to compare a variety of water development or hydrologic infrastructure scenarios by directly varying the streamflow and (or) a project's operating procedures. The HIP approach also represents a strong scientific foundation to further support the development of flow-ecology relationships.

The Missouri Department of Conservation is currently working on methods to incorporate HIP into inter-agency collaborative efforts to protect aquatic resources.

For more information about the Hydroecological Integrity Assessment Process in Missouri, contact:

Del Lobb
Stream Habitat Ecologist
Missouri Department of Conservation
1110 S. College Avenue
Columbia, MO 65201
+1 573-882-9909 x3270
Del.Lobb@mdc.mo.gov

New Jersey was the first state to apply the U.S. Geological Survey's Hydroecological Integrity Assessment Process (HIP) (Henriksen et al, 2006) for classifying river types according to their hydrologic characteristics and computing hydrologic alteration from baseline conditions (Kennen et al 2007a). "Baseline" gauging stations were defined as those whose contributing watersheds contain less than fifteen percent urban land use. Baseline periods were defined for 85 gauging stations by using historical streamflow-gaging station data, estimated changes in impervious surface in the drainage basin, and statistically significant changes in annual base flow and runoff (Esralew and Baker 2008).

Kennen et al (2007b) developed an integrated hydroecological model to provide a comprehensive set of hydrologic variables representing five major components of the flow regime at 856 aquatic-invertebrate monitoring sites in New Jersey. TOPMODEL was used to route water through the model.  Apse et al (2008) describe the practical aspects of New Jersey's approach.

The New Jersey Department of Environmental Protection is currently considering how to incorporate this science into its water withdrawal regulatory program (Jeffrey L. Hoffman, personal communication, December 2008).

In addition to this statewide work, flow-ecology relationships have been determined for fish and macroinvertebrates in the 4,452-km2 Pinelands National Reserve.

For more information about ELOHA in New Jersey, contact:

Jonathan Kennen, Ph.D.
U.S. Geological Survey
810 Bear Tavern Rd.
West Trenton, NJ 0862
USA
+1 609 771-3948
jgkennen@usgs.gov


Pennsylvania. The comprehensive "Green Report" (Apse et al 2008) identifies and weighs options for carrying out every step of ELOHA in Pennsylvania, and sets the standard for strategically launching ELOHA in a new geography. This project evolved beyond its original proposal to weigh options, and actually carried out some of its own recommendations. The U.S. Geological Survey Hydroecological Integrity Assessment Process (HIP) was used to classify Pennsylvania's river types (Apse et al (2008, p. 106-113). A preliminary analysis of biological data revealed linear relationships between aquatic invertebrate metrics and proportion of water withdrawn from 298 sites in the 71,250-km2 Susquehanna River basin in Pennsylvania (Apse et al 2008, p. 125-149). Results indicate that the size of the drainage basin is an important factor controlling these flow-ecology relationships.

The 1972 Susquehanna River Basin Compact between New York, Pennsylvania, and Maryland established the Susquehanna River Basin Commission (SRBC), a shared water management agency with authority to regulate water withdrawals within the three states that share the basin. Currently, the SRBC is facilitating a science- and stakeholder-driven ELOHA process to determine environmental flow needs throughout the basin and to assess options for meeting those needs while providing for other existing and future water uses. Because the SRBC has interstate regulatory authority, the resulting recommendations are expected to translate into enforced conditions for water withdrawals and water releases from reservoirs within the interstate basin.

For more information about ELOHA in Pennsylvania, download the December 2010 Susquehanna River Basin Ecosystem Flows Study info sheet or contact:

Michele DePhilip
Director, Freshwater Conservation
The Nature Conservancy in Pennsylvania
2101 North Front Street, Building #1, Suite 200
Harrisburg, PA 17110
USA
+1 717 232-6001 ext. 113
mdephilip@tnc.org


Texas is implementing a statewide environmental flow allocation process with clearly defined state and local roles. State environmental agencies and an ad hoc statewide environmental flows science committee provide technical guidance, information, and data for basin environmental flow science teams. Basin science and stakeholder teams recommend environmental flows in their respective basins. The Texas Commission on Environmental Quality (TCEQ) considers the basin recommendations when it sets enforceable standards and implements them through a state water allocation system. The Texas Department of Parks and Wildlife provides technical support.  This process is currently nearing completion in the first test basins.

To support this process, the Texas Commission on Environmental Quality (TCEQ) contracted two statewide classifications of river types. The Texas HIP classification is based on hydrology and the integrated classification is based on watershed and channel processes.

TCEQ uses the Texas Water Availability Model (WAM) to assist in permitting decisions. WAM is a water balance model that simulates river and reservoir management and water allocation throughout the state, and is capable of incorporating climate change. WAM calculates and spatially distributes unimpaired, regulated (allocated), and unallocated monthly streamflow at 13,000 gaged and ungaged sites within 20 watersheds covering a total of 685,000 square kilometers (Wurbs, 2005; 2006). First, gaged flows are adjusted to remove the effects of diversions, of return flows from surface and ground water, and of reservoir storage and evaporation. Several alternative methods, including curve-number-based rainfall-runoff relationships, may then be used to distribute sequences of monthly unimpaired flows from gaged to ungaged sites. The water management system is then simulated, accounting for current and future flow alteration. Finally, water supply reliability indices, flow and storage frequency relationships, and other summary statistics are computed. To assess the impacts of future climate change on water availability, Wurbs et al (2005) coupled climate and watershed hydrology models to the WAM system hydrology. 

WAM currently does not account for environmental flow needs. However, it is being converted from a monthly to a daily time step to enable it to do so, and potentially to function as ELOHA's hydrologic foundation.


Virginia is leading the development of a multi-state, multi-agency hydrologic foundation to support water-supply planning and permitting. For more information, visit the Commonwealth of Virginia Flow-Ecology website, consult the ELOHA project database, or contact:

Judy Dunscomb
Conservation Science Director
The Nature Conservancy in Virginia
490 Westfield Road
Charlottesville, VA 22901
USA
+1 434 295 6106 ext 131
jdunscomb@tnc.org


Washington. Researchers have completed a statewide classification of river types in Washington based on 99 hydrologic metrics describing ecologically relevant characteristics of the natural flow regime (Reidy Liermann et al, in press; Google Earth files). Metrics were calculated from continuous time series (>15 years of record) of mean daily discharge data for 52 stream gauges, and classification was undertaken using a fuzzy partitional method - Bayesian mixture modeling. This analysis has identified distinctive flow regime types that differ in their seasonal patterns of discharge, variation in low flow and flood magnitude and frequency, and other aspects of flow predictability and variability. Factors related to catchment (watershed) topology, surficial geology, and climate were found to be strong discriminators of flow regime, and this information is being used in statistical models to predict flow regime type and flow metrics for streams and rivers across the state. The spatial context provided by the hydrologic classification improves understanding of the interaction between hydrology and ecology in rivers of the Pacific Northwest United States, and provides a benchmark against which flow-ecology relationships can be assessed.

For more information about ELOHA in Washington, consult the ELOHA project database or contact:

Julian D. Olden, Ph.D.
Assistant Professor
School of Aquatic and Fishery Sciences
University of Washington
Box 355020; Seattle WA 98195
USA
+1 206-616-3112
olden@u.washington.edu
http://fish.washington.edu/olden/
http://www.fish.washington.edu/research/oldenlab/

Additional Case Studies
In Proceedings of the International Environmental Water Allocation (IEWA) Conference, Kendy et al (2009) and Arthington (2009) further describe ELOHA applications in the United States and Australia, respectively.

The ELOHA project database lists cooperating agencies, costs, funding sources, timelines and other attributes of selected ELOHA applications that are underway.

