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Understanding Large Rivers (Colorado, Missouri, Upper and Lower Mississippi, and Columbia Rivers)

Definition of Science Issues

The health of riverine ecosystems and regional economies are linked to water produced from the Nation’s watersheds. Rivers supply water for domestic, agricultural, and industrial use.  In addition, rivers supply electric power generation and transportation. Flooding of rivers is among our Nation's most severe natural disasters in terms of loss of life and economic damage. Rivers provide the habitat, spawning grounds, and migration routes for most of the Nation’s fish, including species that are threatened or endangered. Rivers integrate watershed processes and thus provide scientists with opportunities to study a variety of natural-resource issues, such as sediment transport, climate variability and change; land-use practices; water use, availability, and quality; flood and drought severity; contaminants and the health of aquatic and riparian biological communities.  Significant changes in existing hydrologic systems and land use (urban and agricultural) will be made during the next decade. Many of these changes will be made in anticipation of improvements to River ecology. Scientific information is urgently needed to make intelligent choices about use, preservation, and restoration of these systems to ensure sustainable structure, function, water quality, and biological diversity. 
The Rivers


The Colorado

Issues Specific to the Colorado River Basin: Areas in the Colorado River basin underlain by organic-rich black shales, such as Mancos Shale, are receiving scrutiny for contaminants, such as selenium and salinity, derived from bedrock and associated soils. Land-use and related water-quality issues have arisen in importance, with immediate research needs relating to naturally- and unnaturally-occurring toxic elements and to the general loading of water and soils by a large group of elements and compounds.  Additionally, research is needed to help address issues relating to fire science, invasive plant species, erosion, grazing practices, effects of recreational land use, and data management and dissemination 
Why is study of the Colorado River basin a priority?  Integrated-science activities are needed in the Colorado River basin because the river supplies water to a region that has one of the fastest growing population rates in the Nation. Much of the population growth is occurring in the arid and semi-arid portions of the Colorado River basin. Competition for water use is a result of population growth, increased recreational use, changing expectations regarding the maintenance of aquatic ecosystems, and International treaty issues related to the delivery of water to Mexico. Some of the issues that make the Colorado River a priority for integrated science activities are:
1. The Colorado River Salinity Control Act: Salinity is an important water-quality issue in the basin effecting public health, irrigation use, municipal and industrial use, wildlife health, Tribal water rights, economics, and delivery of water within salinity standards  to Mexico.  Dissolved minerals (or elements), such as selenium, are both naturally occurring and anthropogenic in the Colorado Basin.

2. The Endangered Species Act: Numerous recovery programs are underway with the goal of recovering populations of threatened and endangered species, in particular native fish species.

3. The Colorado River Compact administered by the Secretary of the Interior:  Coordinated water (reservoir) management is needed as it relates to delivery of water from the upper basin states to the lower basin states and Mexico. This water management affects all water users and related issues especially in times of flooding and drought.


The Lower Mississippi River

Issues Specific to the Lower Mississippi River: Because all large rivers in the United States have been highly altered to provide flood control and support economic benefits, it is necessary to understand the extent of river regulation. For instance, along roughly 80% of the mainstem of the Mississippi River’s 2,340-mile length, including the upper, middle, lower, and deltaic plain segments, the channel is fixed in place by a variety of physical channel training structures (wing dams, dikes, and revetments), and in the upper portion by numerous cross channel, flow regulating dams.  The lower 248 miles of the River has been largely converted to a narrow, reveted ship canal with most flows isolated from the deltaic plain through which it passes. Three of the most ecologically deleterious river modifications on the Lower Mississippi River (LMR) have been (1) levee construction, resulting in a 90% reduction (nearly 18 million acres) in the seasonally inundated floodplain, (2) alignment and maintenance of the navigation channel that traverses the 954-mile Lower River’s entire length, and (3) a 30% to 50% reduction in total sediments transported by the LMR with near total elimination of delivery of river sediments to coastal marshes. All major tributaries of the Mississippi, such as the Missouri, Illinois, Ohio, Arkansas, White, Yazoo, Red, Black-Ouchita, and Achafalaya have been similarly modified and regulated.  Altered hydrology and sedimentation patterns have progressed to the point that geomorphic processes have been severely disrupted.

All major tributaries of the Mississippi, such as the Missouri, Illinois, Ohio, Arkansas, Yazoo, Red, Black-Ouchita, and Achafalaya have been similarly modified and regulated

The ability of regulated rivers to maintain seasonal flow cycles, transport sediment, assimilate nutrients and contaminants, and to function as self-regulatory systems has been highly altered. For instance, the reduction in sediment distribution to the Louisiana Coastal Plain is the greatest single reason for the loss of over 1500 square miles of coastal wetlands. Absence human action, an additional 700 square miles will be lost by 2050.  These alterations have created a host of stressors, resulting in management issues, which require sound scientific information to help solve.  Managing regulated rivers requires understanding system variability, assessing extent of impairment, and quantifying sources of stress.  Providing management recommendations requires forecasting ranges of alternatives by modeling effects of known stressors, in full consultation with economic and natural resource managers who must asses the risks and tradeoffs. 

Why is study of the Lower Mississippi River a priority?  The LMR is important to our understanding of large river ecosystems in several contexts. (1) The LMR drains 41% of the conterminous United States, in which resides 27 percent of the Nation’s population. The quality of its water is an excellent measure of what is being introduced into the Nation’s waterways by anthropogenic activities. (2) Because the LMR serves as a drinking-water supply for numerous cities and towns, contaminants in the waters have the potential for causing detrimental human health effects. (3) Birds, fish, and other aquatic-dependent organisms that live in or adjacent to the river are affected by its water quality. Thus, there is a basis for interest from an ecological perspective as well as from the human health issues of those who consume these resources. (4) The LMR is the most significant source of water, sediments, and nutrients to the Gulf of Mexico.  The chemical characteristics of this inflow are vitally important to the health and productivity of coastal and marine ecosystems. (5) The river corridor functions as a migratory flyway for up to 40% of all North American waterfowl and 60% of all U.S. bird species.  The U.S. Fish and Wildlife Service which has a primary responsibility for these migratory species is a primary Interior Department user of our science products. (6) As the main inland waterway transportation artery, the LMR moves nearly 600 million tons of goods yearly, including nearly 42% of the grain exported from the U.S.  (7) The LMR and the 113-county/parish Alluvial Valley and Deltaic Plain account for $128 billion in annual revenues and supports nearly 800,000 jobs. Providing for economic growth while sustaining natural resources demands new knowledge and science support. 
The Upper Mississippi River

Issues Specific to the Upper Mississippi River:  As in the Lower Mississippi River, the physical environment of the Upper Mississippi River’s mainstem has been actively and dramatically modified to facilitate commercial navigation traffic and for flood control, agriculture, and energy production purposes over the last 150 years.  The river’s watersheds are under intensive agricultural management, which affects the water quality, water quantity, and the proportion of surface-water flow to ground-water flow that reaches the river channels.  Expanding urbanization affects both the mainstem and the system’s watersheds.  And yet, the Upper Mississippi River ecosystem supports natural resources highly valued by society in large part due to a federal legislative mandate supporting multiple-use.   Integration of physical, chemical, biological, and information sciences is critical for linking anthropogenic actions at the watershed scale to cumulative impacts within to main channel and floodplain.    

Why is the Upper Mississippi River a Priority?  The Mississippi River is a cultural, historic, ecologic and economic pillar of our nation.   The Upper Mississippi River (UMR), that portion of the system above Cairo, Illinois and above the confluence of the Ohio River has been declared by the United States Congress to be both a nationally significant commercial waterway for the transportation of commodities, and a nationally significant ecosystem.  Resource managers and commercial interests are spending millions (or billions) of dollars annually to preserve and exploit the ecosystem - often at cross-purposes.  The river generates over $150 billion annual to the Nation’s economy, representing about 20% of the economic activity of the 5-state area, and generates a million jobs and supports 11 million recreational visits each year.  Large expenditures are made annually to support navigation, water extraction, flood control, waste disposal, agriculture, recreation, and fish and wildlife of the Mississippi River.  The Mississippi River drains the nation’s agricultural heartland and therefore transports nutrients, contaminants and sediments to the Gulf of Mexico.  Damage to the Gulf of Mexico from excessive nutrients has been documented and is attributed in part to urban and intensive agricultural areas in the upper Mississippi basin. Damage to economic assets by flooding remains a significant problem.  The UMR supports an unusually diverse biological flora and fauna, including a variety of threatened species.  The river is a major corridor for migratory bird species.  Some 40% of all waterfowl in North America rely on the Mississippi Flyway; associated hunting generates $1 billion annually in the five UMR states.  The system also has special designations for its habitat support of neotropical songbirds and other critical species.  This mix of economic enterprises and ecological assets presents major challenges and opportunities to both science and management.  For example, the mechanisms that support biological production in the river are very poorly known, yet are certain to be affected by nutrient and sediment transport, flood control, navigation, and land use.


The Missouri River

Issues Specific to the Missouri River:  The Missouri River basin has been subjected to a variety of environmental stresses, including row-crop agriculture, grazing, and mining.  These stresses converge and accumulate in the river corridor, a 20-mile-wide zone that includes the floodplain, tributary valleys, and surrounding uplands.  Moreover, the corridor has been subjected to more direct environmental stresses because it has been preferentially developed for urban centers, industry, intensive agriculture, hydropower, and navigation.  

The direct impacts to the Missouri River corridor have been dramatic.  In the past 60 years, one-third of the river has been channelized and another one-third impounded to aid in flood control and to provide a reliable navigation channel.  In recent years, hydrologic and structural changes related to navigation, hydroelectric generation, water regulation, and levee construction resulted in losses of habitat and native species.  These changes have provided benefits to some Missouri River Basin citizens at the expense of the riverine ecosystem.  Today, numerous fish and wildlife species are listed as endangered, threatened, or of special concern by Federal and State agencies.  In addition, the Missouri River Corridor has lately been invaded by non-native species such as the zebra mussel, asian carp, and purple loosestrife.  The rehabilitation of native fish and wildlife habitat in the river corridor is a major interagency interest in the Missouri River basin.  The challenge has been to balance habitat restoration against other competing uses.  

Why is Study of the Missouri River a Priority?  The Missouri River is a vital ecological and economic feature of the heartland of North America.  It is over 2,300 miles long and drains one-sixth of the surface area of the conterminous United States.  It is home to nearly 10 million people in 10 states.  Twenty-eight Native American tribes live along the river.  It provides the basis for agriculture and commercial navigation over a vast region as well as habitat for numerous aquatic, terrestrial, and waterfowl species.  The Missouri River reservoir and bank stabilization/navigation project has estimated net annual benefits of $1.7 billion. (US Army Corps of Engineers, 2001).  The Missouri River is a vast resource subject to intense policy debates, yet the scientific basis to guide management is not commensurate with the physical scale or the economic importance of the river.  Management decisions, including investment of tens of millions of dollars in rehabilitation projects, would be greatly enhanced through comprehensive scientific research.  Revisions of the Missouri River Master Manual (the reservoir system rule book) have engendered political debate with national implications for how inter-jurisdictional resources are managed.  USGS scientific involvement is critically needed by all stakeholders to support management decisions.  In addition to the immediate needs to improve the scientific basis for management, the Missouri River has the potential to serve as a model for the application of science to adaptive management of natural resources.  Nationally, adaptive management is becoming the dominant paradigm for resolving resource management issues   The Missouri River has the potential to serve as a pilot area that defines the role of science – and specifically the role of USGS – in the adaptive management process.


The Columbia River

Issues Specific to the Columbia River:  The Hanford Nuclear Reservation lies along the river’s west bank and discharges contaminated ground-water into the reach. Irrigation east of the river at White Bluffs has resulted in increased ground-water levels, which began triggering landslides in the late 1970s.  The impacts of anthropogenic activities on the water, sediments, and ecological systems within the Hanford Reach are of concern to numerous stakeholders.
Local changes in habitat quality, water availability, and water usage have resulted from widespread and varied land-use practices and streamflow alterations.  Such activities include river clearing, channelization and dredging, log driving and splash damming, extensive land clearing, major water diversions, livestock grazing, and pollution from agriculture, urban, and mining activities.  Other sources of environmental alteration or disruption arise from erosion associated with logging roads, removal of old growth forests, filling and diking of wetlands in the estuary, hydroelectric dam operation, urban and agricultural runoff, and sediment and water contamination.  Aquatic invasive species increasingly threaten native species and habitats.

Releases of toxic contaminants have degraded water quality throughout the Columbia River Basin. Studies suggest that concentrations of PCBs, polyaromatic hydrocarbons, and other organochlorine compounds are at exposure levels that may be affecting salmon health and survival in the estuary. The Columbia is a critical ecosystem for anadromous and endangered fish.  The interactions of complex natural and manmade factors have contributed to declining or elimination of fish populations, particularly anadromous fish.  Water quality, flow, and temperature are all factors in changes to the ecosystem that have reduced, or eliminated, fish populations from the Snake River. 

Why is Study of the Columbia River a Priority?  Management and conservation of natural resources in the Columbia River Basin must have a sound scientific basis to assure both human and ecosystem needs are appropriately met. There is a need for comprehensive science in the Columbia River Basin that takes into account diverse interests and a broad spectrum of agencies and river users.  In addition, USGS science should have a high priority in the Lower Columbia River Basin because the NOAA fisheries Biological Opinion, RPA-161 calls for the development of a Columbia River Research Monitoring and Evaluation Plan for the Columbia River Estuary and Plume (CRE&P). USGS interdisciplinary research can help answer questions like: “What is the water quality in CRE&P salmonid spawning and rearing habitat?”, “What is the status and trends of invasive species in the CRE&P?”, and “What changes, if any, could be made to the Federal Columbia River Power System operations that would improve habitat conditions in the CRE&P?” Scientific activities in the Columbia River Basin will act as a blue print for the state of the science in this regard.
Opportunities for Integrated Science:  Integration of hydrologic, ecological, biogeochemical, and remote sensing expertise is central to mounting more informed management of the Nation’s large rivers.  More than any other type of aquatic system, rivers are closely and inextricably linked to the landscape from the basin scale to the watershed, stream corridor, river mainstem, and finally receiving waters.  Competition for land and water resources has caused increased need for integrated science information that addresses such diverse issues as reservoir-management practices; demands of water use for irrigation and recreation water-use; in-stream flow requirements; sources, fate, and transport of sediment and contaminants; changes in land use related to population growth; and preservation of wildlife and Federally protected resources.  Gaining predictive understanding of biologic, geologic, hydrologic, and societal responses is critical to developing and selecting rehabilitation strategies.  Studies are needed that lead to a more holistic understanding of river basins—integrating the landscape as a continuum of habitats, a complex watershed shaped by land use, geology, hydrology, and biology.  By developing rehabilitation projects as field-scale adaptive-management experiments, spatial and temporal monitoring and assessment of ecosystem components can provide process-level understanding of links from management decisions to ecosystem health, and can help to quantify the benefits and costs of various rehabilitation strategies.  

Advances as a consequence of FY04 guidance

Changes in sediment deposition, flood severity and frequency, water tables, and water clarity due to impoundments have resulted in serious declines in the aquatic and floodplain vegetation that many species depend on for parts or all of their life cycle.  Construction of locks and dams has created barriers to fish passage and has restricted the movements of species to a fraction of their former ranges.  As biologically important as large rivers are, they are critical to the public for their roles in commerce, recreation, water supply, effluent discharge, hydroelectric generation, and flood control.  As a society we struggle to balance our need for healthy ecosystems with our needs for a growing economy and ample places for quality recreation.

Lower Mississippi River- The Lower Mississippi River Conservation Committee (LMRCC), an organization of the six states bordering the lower Mississippi River (MO, AR, LA, KY, TN, & MS) sponsored a meeting to discuss generating a report on the water quality of the Lower Mississippi River. In attendance were Ron Nasser, a FWS employee, current Executive Director of LMRCC; Richard Ingram (MDEQ) the facilitator of the meeting; Bob Delaney USGS-BRD with the Lafayette Science Center but has his office in Vicksburg; Dave Soballe, formally of BRD LaCrosse Science Center but now with the COE in Vicksburg; Henry Folmar, lab director for MDEQ; Phil Bass and Richard Coupe, USGS.

Upper Mississippi River- The upper portion of the Mississippi River alone, from Minneapolis, Minnesota to below St. Louis, Missouri supports some 900,000 jobs and a $145 billion annual economy- nearly 20% of the economic output of the associated states.  Ecologically, the upper Mississippi supports a myriad of biological resources including some of our Nation’s most imperiled fauna, serving as critical breeding habitat, migratory corridors, and stopover locations for thousands of fish, amphibians, reptiles, and birds.  Several research and monitoring efforts by USGS and others on the Mississippi River (BEST, LTRMP, Metropolitan Council Environmental Services River Monitoring, NASQWAN, and NAWQA) and its tributaries provide a body of data and decision support tools related to the biological and hydrological conditions, and their variance of time.  Thus far, limited resources have been applied towards filed sampling partnerships focused on modeling and research studies in order to identify physical and chemical mechanisms that support natural biological production.  Enhanced funding would allow a more comprehensive integrated science approach towards development of a regional habitat restoration program and more systematic assessment of long-term science, modeling, and monitoring needs for more effective implementation of management practices by local, State, and Federal agencies charged with managing the upper Mississippi River and its resources.
Mississippi – A team exists that have cobbled together a FY05 Coastal Louisiana Initiative that would bring together what has been primarily single-discipline pieces regarding the Louisiana vanishing wetlands along the coast.  Principles are Jimmy Johnson (BRD-Lafayette), Charlie Demas (WRD-LA District), and John Haines (Coastal PC).  FY03 work would continue into 04 with level funding.
There is another piece on carbon sequestration in the floodplain hardwoods led by Steve Faulkner (BRD-Lafayette).  FY04 has CRISP funds for Gulf of Mexico coastal ecosystems: an integrated database and information management system.  The lead is Jimmie Johnston (BRD-Lafayette).  This is a joint project with ER. 

Colorado – A team exists that have been working with BLM on three sites, primarily Gunnison Gorge NCA, that are anticipating continued funding, but don’t know to what level.  Most of the funds come from Minerals, and the rest has been FY03 CRISP Funds matched by BLM.  This project grew in FY04 and moved from CRISP to Science for DOI Landscapes.  Principles are Dick Grauch (GD-Minerals), Paul vonGuerard (WRD-Grand Jct.), John Elliott (CO District), Dave Catts (NMD-RMMC), and Geneva Chong (BRD-FORT).  It would be nice to find a way to bring in USBR as an additional partner because of their Lower Colorado Salinity and Selenium concerns.
Missouri – A new team exists that is funded by FY03 and FY04 CRISP funds.  New funding by Earth Surface Dynamics would be welcome to bring GD in as a more robust player.  Current principles are Mike Mac and Robb Jacobson (BRD-CERC), Pam Haverland (CR), Dale Blevins (WRD-Independence), Milan Pavich (GD-Reston), and Jeff Spooner (NMD-MCMC).  

Columbia - Investigators from BRD (WFRC), GD (Menlo Park and Woodshole), and WRD (Oregon District) worked colloboratively, in research and technical assistance, to obtain or portray data and information about lower estuarine and Bonneville Pool aquatic resources and ecosystems. A pilot investigation on the sediment history, as evidenced in estuarine cores, was completed (BRD, GD, and others). Side-scan sonar surveys to characterize the bathymetry of the Bonneville Pool were completed (GD) to provide physical baseline data for habitat characterization (BRD) and boundary conditions for flow and sediment transport models (GD and WRD).  BRD's primary objectives focused on aquatic invasive plants, habitat utilization by fish and other aquatic species, and trophic interactions of riverine biota.  Dr. Bill Sexton (WR REX for Water) was identified as the coordinator for the newly formed Columbia Plateau focus area in early FY 04.
Role of USGS

The USGS has world-class expertise in the physical, chemical and biological aspects of large rivers, and is the only agency that houses expertise in all of the earth-science disciplines that are critical to development of the predictive capability needed by river managers.  The USGS is a non-advocacy science agency, and therefore maintains a neutral position for provision of science to stakeholders who have conflicting interests.  

USGS expertise can develop and implement scientifically defensible monitoring protocols; assess the impacts of natural and man-made modifications to the river system on habitats, fish and wildlife populations, water quality, and water availability; monitor short- and long-term trends in land-use and land cover changes; improve models for understanding physical and socio-economic factors controlling riverine ecosystem processes; develop an understanding of the complex physical and ecological system; synthesize the understanding into design criteria for adaptive management; and develop and implement a decision support framework by which the information is available to all stakeholders and incorporates multiple temporal and spatial scales. 
Stakeholders for the Science  

USGS has many partners in the large river basins, including federal agencies (EPA, FEMA, USACE, DOE, USFWS, NPS, BLM, BOR, NRCS, ARS, USFS); Universities; River Basin Associations, Indian Tribes; State Fish and Wildlife Agencies; State Departments of Natural Resources; City and County Governments; Levee and Drainage Districts; Soil and Water Conservation Districts and the general public.  Partners can use the scientific results to better assess the ecosystem and to develop rehabilitation alternatives.  Currently, decisions about water and flood-plain management must be made without the benefit of in-depth scientific information to document changing conditions on the nation’s large rivers.  Though conflicts will inevitably arise over the best course of action for the river’s future, scientific results provided by USGS and others can provide insight as discussions on management alternatives take place. 

Next Steps:  

Additional funding is required to adequately address the land use and water quality issues of Federal, State, and Tribal partners in large river systems. Proposals to address high-priority issues should be developed by a multidisciplinary team, building upon partnerships already in place.  All disciplines, through the Associate Directors, Program Coordinators, Regional Directors and Executives, as well as Center and Team Chiefs, should identify common objectives and commit resources (people and funding) through redirection of ending projects.  This could be accomplished in a phased approach over several years to build upon and expand established partnerships. Cost-sharing partnerships with stakeholders should be developed as part of a USGS collaborative approach that focuses on the stakeholders and actions to satisfy needs unique to specific river basins. 

Some specific steps include:

· Establish an interdisciplinary science writing team to focus talents and resources on critical management issues, which require scientific support.  

· Once issues have been scoped and initial plans formulated, assemble an inter- basin team to scope scientific issues that can best be addressed across large spatial and temporal scales.  

· Encourage the establishment of an interagency science team to leverage and share agencies’ scientific talents and resources.  

· Support the development of complementary, multi-agency science budget plans, sought within each agency budget process, to conduct the shared science information plans developed by the interagency team. 
