
Multiple files are bound together in this PDF Package.

Adobe recommends using Adobe Reader or Adobe Acrobat version 8 or later to work with 
documents contained within a PDF Package. By updating to the latest version, you’ll enjoy 
the following benefits:  

•  Efficient, integrated PDF viewing 

•  Easy printing 

•  Quick searches 

Don’t have the latest version of Adobe Reader?  

Click here to download the latest version of Adobe Reader

If you already have Adobe Reader 8, 
click a file in this PDF Package to view it.

http://www.adobe.com/products/acrobat/readstep2.html













Western States Watershed Study 
List of Report Recommendations 


 
 


January 2009 
 
 
 
 
 
 
 
 
 


 
Map from USGS 


 1







 


 
 
 
 


Western States Watershed Study  
List of Report Recommendations 


 
 


Table of Contents 
 
 
 
 


 
Tasks 2A(1-2)  Basic Water Data Collection 
    Recommendations / Next Steps .......................................................................3 
 
Tasks 2C(2-3)  Drought Preparation by Federal Agencies 
    Findings............................................................................................................5 
    Recommendations / Next Steps .......................................................................6 
 
Task 2D(3) Watershed Management Tools and Collaborative Planning 
    Findings............................................................................................................9 
    Recommendations / Next Steps .......................................................................10 
 
Tasks 2F(1-2) Federal Resources and Collaboration Initiatives 
    Findings............................................................................................................11 
    Recommendations / Next Steps .......................................................................14 
 
Task 3D(1) Policy and Programs 
    Findings............................................................................................................15 
    Recommendations / Next Steps .......................................................................16 
 
Task 3F-I(1) Federal Infrastructure Needs (Asset Management) 
    Findings............................................................................................................17 
    Recommendations / Next Steps .......................................................................17 
 
Task 5B(4) Climate Change 
    Findings............................................................................................................18 
    Recommendations / Next Steps .......................................................................18 


        
 
 
 


 2







 


Forward 
The numbering system used to identify the tasks (2A(1-2),  etc.), reference sections from the 
comprehensive framework scope of work developed by the Western States Water Council to 
implement the recommendations documented in the June 2006 Water Needs and Strategies for a 
Sustainable Future Report. 
 
Tasks 2A(1-2) Basic Water Data Collection 
 


 Recommendations / Next Steps. 
1) Provide full funding for the US Geological Survey’s 


(USGS) National Streamflow Information Program 
(NSIP) to establish or reestablish the additional 881 
streamgages needed to meet Federal water 
information needs in the western states.  


2) Increase funding for the USGS Cooperative Water 
Program (CWP) to sustain the operation of long-term 
streamgages and better balance funding support for 
streamgaging back to the 50:50 Federal:State funding 
split that has been the foundation of this Federal-
State partnership for nearly a century.  


3) Contain cost increases for the operation of Federal 
and State streamgaging networks through continued 
improvements in instrument technology, data 
analysis techniques, and data delivery procedures. 
Work to reduce salary costs by sharing manpower 
resources of partner agencies where logistical 
efficiencies can be gained.  


4)  Fill data gaps and strengthen regional streamgaging networks through development of an 
Internet based data portal. Use this integrated data network to identify local data gaps and 
optimize local streamgaging networks.   


5) Strengthen and apply new methodologies for regional analyses and transfer of hydrologic 
information to ungaged areas where streamflow information is needed. 


6) Make hydrologic information widely available through an Internet based data portal. Assess 
the Hydrologic Information System (HIS) being developed by the Consortium of Universities 
for the Advancement of Hydrologic Science (CUAHSI), and if appropriate support 
development of a hydrologic data portal for the entire western United States. 


 
7) A nationwide database or Hydrologic Information System (HIS) should be supported to 


provide access to the data collected by all state, local, and other Federal agencies.  An 
example of such a system is the HIS under development by the Consortium of Universities 
for the Advancement of Hydrologic Science (CUAHSI) with support from the National 
Science Foundation.  The objective of CUAHSI’s Hydrologic Information System (HIS) is to 
make the nation's water information universally accessible with tools and models that enable 
the synthesis, visualization and evaluation of hydrologic systems. CUAHSI HIS is a 
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geographically distributed network of hydrologic data sources and functions that are 
integrated using web services so that they function as a connected whole.  


 
8) A complete assessment of the nation’s groundwater network should be conducted.  This 


assessment should identify information needs and gaps in coverage.  An example of such an 
assessment was conducted by USGS in 2000 of the streamgaging network as a part of the 
design of the National Streamflow Information Program.  


  
9) Following the inventory of ground-water monitoring networks currently being conducted by 


the Advisory Committee on Water Information’s Subcommittee on Ground Water, we 
recommend conducting a data gap analysis to design optimized ground-water monitoring 
networks that are applicable to address National, regional, and local scale water issues. 
Included in this analysis should be an evaluation of funding requirements for long-term 
operation of the networks.  


 
10) Better monitoring of snow conditions in the West is needed.  More instrumentation would 


lead to a better understanding of current snow conditions.  Knowledge of current snow 
conditions allows adaptive adjustments in reservoir operations in real time. Use of remote 
sensing of snow cover and snow water content should be explored.   


 
11) An analysis of the existing state and regional evapotranspiration (ET) weather station 


networks should be performed to determine the best ways to provide adequate station density 
throughout the western U.S.  Also, ET weather station standards should be established for all 
ET network providers to adhere to.  The standards should cover weather station components, 
location, and quality assurance to ensure accurate and consistent ET values. 


 
12) Research should be supported to further the understanding and development of crop 


coefficients.  Specific research topics should include hybrid crops, riparian and wetland 
plants, salt and groundwater effects, and non-standard climate condition effects. 


  
13) Support should be provided to include the emissive thermal infrared band component on the 


Landsat Data Continuity Mission.  
 
14) Research to further develop and implement remote sensing ET mapping should be supported.  


Improvements to both surface energy balance methods and methods to extrapolate weather 
station ET values should be pursued. 


 
15) In order to improve the quality of the precipitation data available in the West, a few 


recommendations can be made: 
a) The Federal Agencies should coordinate to ensure that extreme storm data is collected, 


analyzed, and archived and procedures are in place to update storm data sets, 
methodology, and reports to develop Probable Maximum Precipitation (PMP) estimates.  


b) Improve the NWS COOP network, by supporting the modernization of the network. This 
modernization will improve the timeliness of the data provided by the COOP observers, 
by replacing the equipment and transmission technology with more modern devices. 
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c) Increase the number of rain gages wherever possible, by adding rain gages to other data 
Collection Platforms, such as USGS streamgage networks. 


d) Support research aimed at improving radar precipitation estimates and multi-sensor 
techniques 


e) Install additional radars to increase coverage in the West. 
f) Set rigorous standards and metrics for vendors to follow so that gage measuring accuracy 


can more easily be compared. 
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Tasks 2C(2-3) Drought Preparation by Federal Agencies 
 


 
The goal of the National Integrated Drought 
Information System (NIDIS) is to improve the 
nation’s capacity to proactively manage drought-
related risks, by providing those affected with the 
best available information and tools to assess the 
potential impacts of drought, and to better prepare 
for and mitigate the effects of drought.  The 
Western Governors’ Association and Western 
States Water Council are important components of 
upcoming research activities associated with 
NIDIS.  The WGA/WSWC also provides a key role 
in facilitating collaboration between western states 


and federal agencies in implementation of the NIDIS.  Federal agencies and programs that 
contribute to the NIDIS partnership, led by the National Oceanic Atmospheric 
Administration (NOAA) are identified in the The National Integrated Drought Information 
System Implementation Plan released in June 2007.  The Corps of Engineers, along with 
other agencies and non-federal organizations, are members of the NIDIS Program 
Implementation Team (NPIT) which are working to accomplish the following tasks: 


29


Research PredictionMonitoring


Impact
Mitigation


Proactive
Planning


Improved
Responses 


Customer defined measures of drought 


Better informed decision making at state, local and individual levels


Integrating Tools


NIDIS Framework 
for Enhanced Decision Support


o Identify and document guidance for successfully meeting the requirements of NIDIS 
early warning system design; 


o Identify and document activities, products, etc., that are currently available and can 
contribute to NIDIS; 


o Take action where possible and with the approval of the NPIT to develop agreements 
and direct activities to evaluate and integrate information, technology, and lessons 
into NIDIS; 


o Periodically review and update documents, memoranda of agreements, and plans for 
currency and relevance; and  


o Serve as NIDIS points of contact for relevant interagency and state activities, in 
agreement with the NIDIS Program Office 


 
The following draft findings and recommendations were developed to begin documentation 
on how the Corps of Engineers could potentially partner and contribute resources to the 
NIDIS initiative.  Subject to approvals, some of recommendations could be implemented by 
the Corps. 
 
Findings. 
 
1) Congressional authorities typically provide for the Corps to supply water rather than 


money during droughts.  Corps’ role will typically “kick in” when/if drought passes from 
agricultural drought (less rain, high temps) to hydrologic drought (low streamflow), and 
when municipalities begin to face severe shortages.   
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2) Minor Corps assistance could come through making water deliveries to replace 
contaminated sources of community water and through emergency well construction in 
areas determined to be drought distressed.  


 
3) When and if drought intensifies in certain regions (northeast, northwest, e.g.), then Corps 


water control centers and other federal agencies are faced with many challenges 
associated with management of declining water storage and maintaining instream flows. 


 
4) The Corps has expertise in planning, coordinating and operating water management 


systems and emergency assistance.  Examples include the development of long range 
water supplies, working with communities to develop drought contingency plans, and the 
implementation of reservoir drought contingency plans.  


 
5) One of the major impediments brought up by the WGA and the Western Drought 


Coordination Commission, is the perceived Corps’ inflexibility and the time it takes to 
provide permits for emergency withdrawals from lakes and streams. Corps regulatory 
permit decision making, backed by EPA is viewed as being biased toward the 
environmental protection issues. These issues contribute to delays in decision making.   


 
6) Another criticism of the Corps is perceived inflexibility regarding permanent reallocation 


of storage for M&I water supply and the high cost of allocated water. Again, the 
perception is that decisions are made at too high a level and take too much time.  (Note:  
Reallocated cost of water is a realist look at what the storage space would cost if the 
project were constructed today.  It is an effort to assure that reallocation opportunities at 
existing Corps reservoir projects are cost effective, environmentally sound and provide 
national benefits by adding moneys to the U.S. Treasury)   


 
7) Regional integrated water resources management, and in particular urban watershed M&I 


water supply issues is a necessary next phase of national/regional water planning. Federal 
and state agency collaboration is necessary to effectively address these issues. 


 
8) For the Northeastern region of the United Stages, the Corps still technically has the 


NEWS authority (Northeastern US Water Supply) on the books. (PL 89-298).  
Comparable regional authorities for other regions of the country for urban water supply/ 
integrated water resources system planning and, design and construct authorities may be 
desirable.  


 
9) Water supply problems extend beyond the boundaries of individual urban areas. 


 
10) Regional solutions can offer economies of scale and in many cases could result in 


projects operating more efficiently with less environmental impact. 
 
Recommendations / Next Steps 


 
1) The Corps of Engineers should continue it’s support of the implementation of the NIDIS by 


(1) providing drought information, such as reservoir storage levels, linking Corps web sites 
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with the NIDIS site, www.drought.gov; (2) supporting state and local drought planning 
within an integrated water resources management framework; (3) providing information on 
drought impact assessment in areas where the Corps has expertise, such as navigation, 
hydropower, ecosystem needs, and recreation; (4) participating in the NIDIS pilot studies, 
particularly in studies involving water resources management. 


 
2) The Corps should work with other Federal agencies, states and regional groups to ensure 


there is an accurate assessment of the Nation’s water availability and demand.  This 
information should be useful for the development of state water plans.  An effort just getting 
underway that will contribute to a national assessment is a 2-year survey of Corps' reservoir 
projects to develop a portfolio of Corps multipurpose reservoir projects to identify the best 
candidates for opportunities for operational changes and/or reallocation, explore water 
management aspects of those reservoirs as well as developing detailed sediment management 
information.   


 
3) Stakeholders and decision makers may want to consider a national “Water Demand and 


Availability Study” to be conducted under the 1986 Water Resources Development Act 
authority. (Section 707- Capital Investment needs for Water Resources and Section 729- 
Water Resources Needs of River Basins).  


 
4) Stakeholders and decision makers may want to consider more emphasis on integrated water 


management at river basin/Corps Division level. 
 
5) Many water projects were designed quite some time ago on the basis of a short hydrologic 


record which may not be reflective of post-project hydrologic conditions, as well having as 
other potentially outdated design criteria.  The Corps should begin a systematic re-evaluation 
of the performance of its projects based on "modern" design criteria and updated hydrology.   


 
6) For the northeastern region of the United States, the Corps still technically has the NEWS 


authority (Northeastern US Water Supply) on the books. (PL 89- 298).  Stakeholders and 
decision makers may want to consider modification of the NEWS authority to include all of 
the United States and pursue a regional study in each Corps Division.   


 
7) Consideration should be given to continue efforts to align Corps regulatory permit evaluation 


of municipal water supply requirements with accepted analytical/planning practices. Corps 
permits for municipal water supply are site-specific/ project-specific, and are not normally 
part of a regional water supply plan.      


 
8) If needed, stakeholders and decision makers may want to consider modification of the 1958 


Water Supply Act so storage could be reallocated for irrigation and just not for municipal and 
industrial purposes; however, there are two existing authorizations that may be adequate.  
Section 8 of the 1944 Flood Control Act (PL 78-534) provides the Corps authority to include 
irrigation in Corps lakes in the 17 contiguous Western States upon the recommendation of 
the Secretary of the Interior (DOI) and in conformity with Reclamation Law.  Agreements 
between the local sponsors and the Federal Government are handled by the Department of 
Interior (DOI).  In Western states where there are no DOI irrigation facilities and for Eastern 
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projects, Section 103(c)(3)of the Water Resources Development Act of 1986 (PL 99-662) 
may be sufficient.   


 
9) The Corps should continue to develop metrics for decision makers that clearly show when 


reallocation opportunities at existing Corps reservoir projects are cost effective, 
environmentally sound and provide national benefits by adding revenue to the United States 
Treasury. This task may be done at least in part under the Portfolio Assessment described in 
item #2 above. Efforts are underway to delegate additional reallocation authority down to the 
Corps Division and District Offices to help speed up the decision making process. 


  
Operational 
 
10) Activate review of Corps Drought Contingency Plans at Corps reservoirs and update as 


necessary.   
 
11) Engage staff at water control centers to be available for interagency task groups, updating 


information, and collaboration with the National Weather Service.  
 
12) Consistent with Congressional authorities, identify opportunities for existing authorized 


Reconnaissance/Feasibility studies to integrate water management studies that focus on 
urban/urbanizing watersheds with complex water delivery problems.  


 
Tactical 
 
13) Continue efforts to provide more flexibility to Corps Division Offices for delegation of 


authority of reallocation of storage for water supply.   
 
14) The Corps should continue efforts to be more actively involved in local/ regional/ national 


interagency task groups devoted to drought management to better understand the public 
needs. 


 
15) Promote education of Corps employees with latest materials available (reports, websites, etc). 


Engage and activate Public Affairs Offices in each district. 
 
14) Develop Corps Headquarters website for drought-related issues, which can be used by public, 


interest groups etc. 


 9







 


Task 2D(3) Watershed Management Tools and Collaborative Planning 
 


 Findings. 
1) A wide variety of watershed management tools 


exist and applications vary among local, state, 
and Federal agencies.  These tools meet most of 
the individual agency needs.  What is often 
lacking is efficient transfer of data from various 
sources to watershed managers that work 
together in a particular basin that geographically 
crosses organizational jurisdictions. 


 
2) Data sharing among local, state, and Federal 


entities was demonstrated using the Bear River Basin as a prototype.  The concept was 
introduced to the Bear River Water Commission.  Utah State University (one of the main 
data base managers) worked with the Corps to install a GIS Toolbar that allowed more 
efficient transfer of local, state, and Federal data of interest to the Commission. 


 
3) Collaborative planning is an ongoing activity in the Bear River Basin so application of 


the Corps’ Shared Vision Planning was not necessary. 
 
4) Collaborative planning with the Corps’ Shared Vision Planning is of interested in the 


Cache La Poudre River Basin where regulatory activities and water supply needs are 
being discussed with the cities of Ft. Collins and Greeley in Colorado. 


 
5) The use of the GIS toolbar for providing data from the Corps’ regulatory database is 


being evaluated.  The cities of Ft. Collins and Greeley were provided the GIS Toolbar for 
expanding their capabilities for data exchange 


 
6) Population growth will require new reservoirs and Clean Water Act permits from the 


Corps of Engineers, placing the Corps more and more at the center of growth conflicts.  
A recent survey of Corps regulators showed they expect to have about 900 water supply 
permits under review by 2013.  Some of these permit processes have taken two decades 
to resolve, sometimes ending in the Corps denying the permit. 


 
7) The Corps is engaging in an experimental application of the shared vision planning 


(SVP) process for water supply permitting with the cities of Greeley and Fort Collins 
Colorado.  SVP uses a collaboratively built computer simulation of the water system to 
create a dynamic “vision” of how future water conditions can be managed and what 
impacts the management decisions will have 


 
8) Collaborative development of a model with the cities of Fort Collins and Greeley, the 


Nature Conservancy, and many other non-governmental organizations is setting the stage 
for an April 2008 workshop where participants use the SVP process to develop methods 
for improving the streamflow regime in the North Fork of the Cache la Poudre River 
between the Halligan and Seaman Reservoirs.   
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9) The purpose of the workshop is to give the participants enough exposure to the method to 


determine if they are willing to apply it to the whole permitting process.  The workshop is 
designed to highlight both the advantages and limitations of the shared vision process, 
and the participants will be asked to determine if given the pros and cons, they would 
pursue consensus through the SVP process. 


 
10) Present applications of Shared Vision Planning and similar computer aided dispute 


resolution techniques are underway in California for state water planning, Environmental 
restoration planning on the Missouri, the Willamette River on TMDL policy options, and 
for water planning and operations in New Mexico. 


 
Recommendations / Next Steps. 


1) The GIS toolbar is available to the Corps’ and its partners and expanded use for cross 
agency data sharing should be considered.   


 
2) Utah State University is represented in the Consortium of Universities for the 


Advancement of Hydrologic Science (CUAHSI) which is also developing data 
management tools for water resources.  The collaboration between Utah State and the 
Corps’ (e.g., the ERDC GIS toolbar) is an excellent example of how the Corps’ and local 
entities can interact to provide data based on watershed boundaries.  Additional 
interactions with CHUASI and the Corps and ERDC are recommended. 


 
3) Additional examples of data sharing and flexible guidelines for cross agency interactions 


for data exchange should be developed. 
 
4) Dependent on the success of the shared vision planning experiment in the Cache la 


Poudre study, training and support can be provided on the use of shared vision planning 
in other western water supply conflicts, especially those requiring a Clean Water Act 
permit.   
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Task 2F(1-2) Federal Resources and Collaboration Initiatives 
 


Findings. 
1) The Western States Water Council (WSWC) members 


believe that a formal agreement to create a “Western 
States Federal Agency Support Team” made up of 
representatives of federal agencies having water 
resource responsibilities and the establishment of a 
WSWC “liaison position” would benefit the West. 


 
2) Few watershed initiatives will succeed without strong 


leadership. Leadership, especially in the areas of 
facilitation, public involvement and dispute resolution, 
is necessary to maintain strong, collaborative ties. 


 
3) Usually, one entity plays a lead role in coordination and facilitation.  Which group or 


organization plays this role may vary from one watershed initiative to the next, but often 
some organization (e.g., a locally-led watershed group, a multi-state river basin 
association, a state-chartered “reclamation board” or “resources agency,” etc.) takes the 
lead in facilitating communication between the other entities.  This does not mean that 
the “lead” agency/ entity is the sole planning, decision-making, or implementing body by 
any means, but rather serves as a conduit or a “point-of-contact” for organizing the 
interactions of the other groups.   


 
4) A shared vision helps partners recognize their interdependence and provides a foundation 


from which to move forward to address watershed needs and opportunities.  By jointly 
articulating their concerns and goals, stakeholders can realize interdependence, identify 
common ground, create a shared vision, and identify how they can contribute to the 
overall vision. 


 
5) Identifying roles, and responsibilities relative to the watershed management vision helps 


in developing an understanding of how the agency and other stakeholder roles and 
responsibilities are interrelated.  Understanding these interrelationships will enable better 
coordination and leveraging of expertise and capabilities in planning and implementation. 
Identification of “gaps” in players filling the roles and responsibilities  relative to the 
vision may help identify key stakeholders that may be missing, or impediments the 
partnership is likely to encounter. 


 
6) The roles of the various entities engaged in watershed initiatives will vary, and may be 


nested or hierarchical.  This is due to a variety of factors, including the human and 
financial resources of the groups or agencies, the legal or jurisdictional mandates/ 
responsibilities of the players, or the expertise that a given entity may have within a given 
watershed. 


 
7) Solving local watershed problems or achieving opportunities often requires “looking 


upstream” for root causes.  Sometimes the technical analyses required to conduct such 
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8) There is no single “door to the Federal government” or “door to the States” for locally-


led watershed initiatives to tap into.  The downside to this is that creativity and energy 
may be spent on identifying the appropriate government player or program that can 
provide necessary expertise and funding.  The plus side is that there truly is a plethora of 
potentially available government assistance.  Federal and state agencies have much to 
provide in terms of knowledge, expertise, data, technical assistance, and funding.  The 
main report lists several web sites offering links to technical and financial assistance (see 
section on “Funding”). 


 
9) Watershed groups can provide and channel “grassroots” support from the public for 


watershed initiatives.  They can provide an organized mechanism for public involvement 
and input (e.g., from private citizens, small business owners, chambers of commerce, 
homeowners and landowners groups, civic associations, farmers, educators, historic 
preservationists) into the “problem identification/ solution formulation” process.  In so 
doing, they can also “legitimize” the process from the public’s perspective – solutions are 
not perceived as “top-down” prescriptions but as “bottom-up” or “up-and-down” (i.e., 
collaborative) solutions. 


 
10) Related to public involvement, watershed groups offer a mechanism to organize and 


incorporate volunteer efforts (e.g., data collection, resource monitoring, public education 
and outreach) into watershed initiatives.  In turn, state and Federal agencies can help fund 
or support volunteer efforts through underwriting of educational programs, contributions 
or development of educational materials, hosting workshops, and providing data 
collection systems that volunteers employ for watershed-related monitoring and data 
collection. 


 
11) Facilitators play critical roles in a watershed initiative, and there is no set prescription as 


to whether a state, federal or non-public entity employee should fill this role. It is 
important to have an individual or individuals working to integrate the various partner 
programs and activities for synergy in working toward the overall watershed objectives. 
Without integration, the independent actions may not significantly contribute to the over 
all goals, or could even work at cross purposes. 


 
12) Many of the case studies found it useful to break-up the watershed plan into smaller, 


more manageable regions or focus areas. Attempts to develop large-scale, system-wide 
plans are at times found to be insurmountable as stakeholders can be polarized beyond 
the point of compromise. Large-scale plans are also difficult to carry-out due to 
commonly-experienced funding and human resources limitations. In addition to focusing 
on sub-regions of the watershed during the planning phase, consider breaking the plan up 
into smaller pieces during the implementation phase as well. This will help parties reach 
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agreement on a plan and will provide agencies or stakeholders with a better opportunity 
to fund and implement the plan.  Note: While breaking watershed plans into sub-
watershed regions may be a useful approach, strategies need to ensure that these plans are 
integrated back to the watershed scale. 


 
13) Some of the watershed case studies found it useful to have procedures in place to help 


reconcile technical, policy and decision-making issues.  These processes were found to be 
most effective when carried out in an open and visible manner. 


 
14) Sharing expertise and collaboratively acquiring and examining new information can help 


stakeholders dissolve misconceptions, and enable them to work through differences. 
Science and technical analysis can provide a common baseline for productive debate 
among parties with interest-based differences. Formation of “technical advisory 
committees” can provide a source of credible scientific review. 


 
15) Planning processes that involve coordinating fundamentally different program authorities 


and missions has proven to be challenging.  These issues are due to the jurisdictional and 
institutional differences that can be limiting or in conflict when viewed on the “eaches,” 
but may be less of a problem if a more holistic and systemwide approach is taken.  By 
taking a step back and considering a broader perspective of the watershed initiative, more 
doors and opportunities for agency and stakeholder alignment may occur. 


16) Complex watershed initiatives that involve a multitude of stakeholders also require an 
education regarding those partner agencies’ processes.  


17) Pools of sponsors often support the watershed initiatives because watershed effort may be 
beyond the financial capability of any one sponsor. Different agencies can fund different 
components of collaboration (e.g., participation in workshops, provide portion of 
operating budgets for local watershed groups, actual sharing of costs for physical 
projects, sharing of educational materials, personnel resources, data resources, etc.).  
Some of the different types of funds include:  Public funds, Donations, Endowments, 
Grants, Investments, and Mitigation Fees. 


18) A distinct advantage of a collaborative watershed initiative or study, over a single 
purpose study or a single entity pursing a single objective within a defined area, is the 
ability to address multiple, interrelated problems at the same time; to be able to achieve 
multiple positive outcomes through tackling inter-related problems in a coordinated 
fashion; and to leverage financial resources among multiple entities so that no one party 
has responsibility to finance the entire “solution.”  


19) Collaboration is not necessarily easy or quick.  To collaborate does require time, money, 
and staff support.  Often the collaborative process must “go slow, to go fast” later. The 
flip side of the “go slow to go fast” observation is that collaborative efforts should 
produce some immediate successes or spin-off activities in order to demonstrate 
legitimacy and effectiveness, and help to sustain public, political, or institutional support.   
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20) Collaboration provides a greater understanding of how the contributions of each entity or 
partner fit into an integrated solution.  This understanding can build mutual support of 
partner programs, budgets, and priorities.  The various members of the watershed 
collaboration therefore become “concerned constituencies” for each other – they can 
advocate for each other and their combined “voices” carry more influence.   


 
21) Collaboration is adaptive and evolutionary.  Physical, ecological, and social 


circumstances in the watershed can change.  Roles and responsibilities may change.  
What once appeared to be a viable or effective solution may no longer be.  Rather than 
coming together once to develop or implement a static plan or solution, the very 
establishment of a collaborative partnership allows the stakeholders to continue to engage 
with each other over time, so that management of the watershed resources can truly be 
adaptive and responsive to changing circumstances. 


 
Recommendations / Next Steps. 


1) The information collected for this document may help demonstrate the potential role and 
utility of a Federal Agency Support Team to support the WSWC, and may serve as 
reference information should a Federal Agency Support Team be established.   


 
2) Depending on the focus and needs of WSWS team members, the next steps to be 


undertaken as part of this assessment could include development or identification of a 
generic “primer on the basics of collaboration for use at the local level.”  Alternatively, 
future efforts could focus on gathering more information on specific topics of particular 
interest such as identification of examples of financing and funding mechanisms 
available to locally-led watershed efforts.    
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Task 3D(1) Policies and Programs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Findings. 


1) An important mission of the Western States Water Council (WSWC) is to advise the 
WGA on water policy issues.  To accomplish this mission the WSWC depends heavily 
on water resources technical information from its states and federal agencies. 


 
2) Existing federal programs and authorities provided adequate opportunities for 


Reclamation, USGS, NOAA, Corps, EPA and NRCS to leverage resources to help 
accomplish several recommendations identified in the WGA/WSWC June 2006 report on 
Water Needs and Strategies for a Sustainable Future.  The Western States Watershed 
Study essentially provided “planning assistance to states” associated with the following 
topics:  1) water data collection, 2) drought, 3)watershed management tools and 
collaborative planning, 4) federal resources and collaboration, 5) federal infrastructure 
needs (asset management), and 6) climate change.  Following the study, it is likely that 
these topics will continue to be of common   interest to the 17 western states. 


 
3) The collaboration of federal agencies and the WSWC provides opportunities to leverage 


existing authorities, existing technical resources, and limited funds more effectively than 
when each agency provides technical support to the Council independently. 


 
4) Recognizing the effectiveness of collaboration in accomplishing several 


recommendations in the June 2006 report, the WSWC has initiated efforts to formalize a 
Western States Federal Support Team and create a liaison position. 


 
5) Several organizations have expressed a need for a national assessment of water resource 


needs and that the center of gravity should rest at the state level and be backed by 


Western States Federal Agency Support Team .  Additional 
agencies TBD. 


??
State and 
Federal 
Resources 


State Water Plans 
Provide Information 


for 
National Water Policy 
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appropriate support from the federal government. A national assessment would not 
benefit all of the 17 western states but would likely benefit a majority of them.  Future 
state water plans could potentially serve as a significant information component of a 
national assessment and be used to help develop national policy/programs that best serve 
states and takes into consideration regional watershed issues.  Existing federal authorities 
and proposed initiatives could be leveraged, through collaborative activities of a Western 
States Federal Support Team to help many of the western states develop their water 
plans.  For instance the Department of Interior’s “Water for America” proposal would 
launch Reclamation’s and USGS contribution to a water census beginning in 2009.  The 
Corps’ Planning Assistance to States program along with NOAA, EPA, NRCS and other 
agencies programs could also potentially contribute resources to this effort.  This Western 
States Federal Support Team initiative could also serve as a large-scale demonstration for 
a national assessment of water resource needs. 


 
 
Recommendations / Next Steps. 
1. It may be beneficial to consider the WestFAST and WSWC collaborative implementation of 


selected priority recommendations from the WGA/WSWC June 2008 report and, as needed, 
the identification of associated strategies for coordinated research and development (R&D) 
of water resource tools.  For example, collaborative R&D that includes priority 
considerations associated with asset management and climate change may be desirable 


 
2. In addition to working with the WSWC on regional challenges, leveraged resources of the 


WestFAST should be used, as requested, to help states accomplish their water resource 
planning activities.  This effort could be conducted in a manner that leads to a regional 
assessment of needs and provides a large-scale demonstration for a national assessment of 
water resources needs.1 


 
3. Information from state planning efforts should be used by decision makers to help determine 


national policies and priorities that best align federal agency support to states and take into 
consideration regional watershed, coastal, and other issues.  In the future, national 
assessments and policy could be updated using information from the periodic updates of state 
water plans.   


 
4. It may be beneficial to consider a pilot demonstration of a forum that would begin to 


integrate non-federal stakeholders into discussions on national policy and associated issues.  
Many options could be considered such as annual meetings in Washington, DC held in 
cooperation with key organizations such as the WSWC.  


                                                 
1 Concurrent with a large-scale demonstration of a process to help Western States accomplish their planning 
activities and conduct a regional assessment, federal agencies, eastern states, Tribes and other stakeholders should 
consider initiatives to help set the stage to continue the national assessment of water resources needs. 
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Task 3F-I(1) Federal Infrastructure Needs (Asset Management) 
 


Findings. 
1) Reclamation is implementing their Management for 


Excellence Team recommendation to adopt a quantifiable 
prioritization framework for operation and maintenance that 
is used Reclamation wide in its Budget Review Committee 
process and is flexible enough to accommodate special 
situations.  Likewise one of the four pillars of the Corps’ 
Actions for Change initiative is to effectively implement a 
comprehensive systems approach in employing risk-based 
concepts for operations and major maintenance. The Corps is 
actively engaged in the development of an Asset 


Management framework that will merge the agency’s vision for performance and 
efficiency along its business line missions with a proactive lifecycle investment strategy.  
Based on the initial observation that Reclamation and Corps goals are similar, there could 
be potential common areas of interest in the development of corporate models and 
processes to prioritize Asset Management needs 


 
2) The Environmental Protection Agency, Office of Water, has indicated an interest in 


collaborating with Reclamation and the Corps on future Asset Management initiatives.  
Through their Sustainable Water Infrastructure Initiative (SI), EPA is working as an 
advocate and sharing information on best practices, tools, innovative technology, and 
research. EPA’s SI provides an opportunity for leveraging resources to advance Asset 
Management technology for federal, state, and local organizations. 


 
3) The need for water supply storage in reservoirs grows while the existing storage 


capacities depreciate because of siltation. 
 
Recommendations / Next Steps. 


1) Consider pilot initiatives to advance Multi-Criteria Decision Analysis (MCDA) 
technology that integrates, as applicable, the following criteria into comprehensive asset 
management strategies: 1) reservoir system operation changes/storage reallocation 
scenarios, 2) regional sediment management scenarios, and 3) potential influences/risk of 
climate change such as those associated with altered reservoir refilling scenarios. 


 
2) Consider collaborative initiatives between the Bureau of Reclamation and the Corps to 


help develop shared vision asset management prioritization models and processes that 
could then be refined and used by each agency independently.  This technology could be 
shared with states and other organizations. 


 
3) Consider collaborative initiatives to identify potential opportunities to leverage EPA’s SI 


program to further advance asset management technology and information sharing for 
federal, state, and other organizations.  It is envisioned that this venue could also serve to 
help advance a national approach to asset management and help decision makers develop 
and clearly define federal policy regarding local infrastructure issues, including cost-
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share provisions, operation of state revolving loan funds and schedule pace for 
infrastructure construction and renovation 
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Task 5B(4) Climate Change 
 


 
Findings. 


1) Warmer temperatures in the 
West are causing 
observable changes in the 
hydrologic cycle.  Spring 
snow melt is occurring 
earlier in the spring.  The 
fraction of annual runoff 
occurring in winter is 
increasing, while the 
fraction occurring in late 
spring and summer is 
decreasing. 


New Bullards 
Bar Reservoir Shasta Reservoir 


Oroville 
Reservoir 


 
2) With more rain and less snow in winter, more flood storage space may be needed in 


winter.  The earlier snow melt may make it desirable to start the spring refill earlier to 
ensure a full reservoir for summer water supply; however, this may be difficult depending 
on flood control needs.  Higher temperatures and less runoff in summer increase the need 
for full water supply storage before summer. 


 
3) The Corps’ Sacramento District is simulating the performance of reservoir operations for 


three reservoirs in California: Shasta, Oroville, and New Bullards Bar Reservoirs.  The 
simulations are using downscaled precipitation and temperature data from global climate 
models as input to the rainfall-runoff model of the National Weather Service California-
Nevada River Forecast Center.  The runoff will be used as inflow to the Corps Reservoir 
System Simulation (HEC-RESSIM) model.  Simulation results were not available at the 
time of the draft report. 


 
 
Recommendations / Next Steps. 


1) Sufficient funds should be appropriated to conduct a portfolio assessment of Corps 
projects to evaluate the performance of the projects given current conditions and to 
determine the vulnerability of projects to changing conditions such as those caused by 
climate change.   


 
2) The Corps should begin a systematic updating of reservoir operating plans and drought 


contingency plans and adequate funding should be appropriated for this effort.  Operating 
plans should be adaptable to a changing climate. 


 
3) Water managers stressed the need to build flexibility into operations so they can be 


adapted to a changing climate to meet competing demands.  This flexibility would require 
initially completing an EIS for a range of possible future climate scenarios, thus enabling 
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water managers to revise operations based on new information without a full 
Environmental Impact Statement each time a change is needed.   


 
4) Based on the initial appraisals of project performance and vulnerability, 


recommendations may be made on reallocating storage and modifying structures.  
 
5) Better monitoring of snow and water conditions is needed to allow adjustments in 


reservoir operations in real time. More instrumentation would lead to a better 
understanding of current snow conditions, and fuller use of remote sensing of snow cover 
and snow water content should be explored.   


 
6) Improved forecasts and their use in operations could allow for evacuation of reservoirs in 


anticipation of a major rainfall event but maintain less flood storage if major floods are 
not forecast.  Forecasts can be improved on multiple timescales and more research is 
needed to incorporate forecasts into reservoir operations.  The use of seasonal and 
interannual forecasts in reservoir operations should also be evaluated.  Flood storage 
could be adjusted based on the forecast of a dry, normal or wet year.   
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Water Data Recommendations 


The recommendations for improving water data have been compiled by Rolf Olsen and Marcia 
Hackett of the U.S. Army Corps of Engineers based on discussions with the members of the 
Western States Water Council and other Federal agencies.  The recommendations do not 
represent the positions of any Federal agency.   
 
Water Data Portal  
A nationwide database or Hydrologic Information System (HIS) should be supported to provide 
access to the data collected by all state, local, and Federal agencies.  An example of such a 
system is the HIS under development by the Consortium of Universities for the Advancement of 
Hydrologic Science (CUAHSI) with support from the National Science Foundation.  The 
objective of CUAHSI’s Hydrologic Information System (HIS) is to make the nation's water 
information universally accessible with tools and models that enable the synthesis, visualization 
and evaluation of hydrologic systems. CUAHSI HIS is a geographically distributed network of 
hydrologic data sources and functions that are integrated using web services so that they function 
as a connected whole.  
 
Surface Water 
The following recommendations are provided regarding surface water: 
 
• Provide full funding for the USGS’s National Streamflow Information Program (NSIP) to 


establish or reestablish the additional 881 streamgages  needed to meet Federal water 
information needs in the Western States.  


• Increase funding for the USGS Cooperative Water Program (CWP) to sustain the operation 
of long-term streamgages and better balance funding support for streamgaging back to the 
50:50 Federal:State funding split that has been the foundation of this Federal-State 
partnership for nearly a century.  


• Contain cost increases for the operation of Federal and State streamgaging networks through 
continued improvements in instrument technology, data analysis techniques, and data 
delivery procedures. Work to reduce salary costs by sharing manpower resources of partner 
agencies where logistical efficiencies can be gained.  


• Fill data gaps and strengthen regional streamgaging networks through development of an 
Internet-based data portal. Use this integrated data network to identify local data gaps and 
optimize local streamgaging networks.   


• Strengthen and apply new methodologies for regional analyses and transfer of hydrologic 
information to ungaged areas where streamflow information is needed. 


 
Groundwater 
Following the inventory of groundwater monitoring networks currently being conducted by the 
Advisory Committee on Water Information’s Subcommittee on Groundwater, the authors 
recommend conducting a data gap analysis to design optimized groundwater monitoring 
networks that are applicable to address national, regional, and local-scale water issues. This 
analysis should include an evaluation of funding requirements for long-term operation of the 
networks.  
 
Precipitation 
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• In order to improve the quality of the precipitation data available in the west, a few 
recommendations can be made: 
− Improve the NWS COOP network, by supporting the modernization of the network. This 


modernization will improve the timeliness of the data provided by the COOP observers, 
by replacing the equipment and transmission technology with more modern devices. 


− Increase the number of rain gages wherever possible, by adding rain gages to other data 
collection platforms, such as USGS streamgage networks. 


− Support research aimed at improving radar precipitation estimates and multi-sensor 
techniques. 


− Install additional radars to increase coverage in the West. 
− Set rigorous standards and metrics for vendors to follow so that gage measuring accuracy 


can more easily be compared. 
• Federal agencies should coordinate to ensure that extreme storm data are collected, analyzed, 


and archived and procedures are in place to update storm data sets, methodology, and reports 
to develop Probable Maximum Precipitation (PMP) estimates. 


 
Snow 
Better monitoring of snow conditions in the west is needed.  More instrumentation would lead to 
a better understanding of current snow conditions.  Knowledge of current snow conditions allows 
adaptive adjustments in reservoir operations in real time. Use of remote sensing of snow cover 
and snow water content should be explored.   
 
Evapotranspiration 
• Existing state and regional evapotranspiration (ET) weather station networks should be 


analyzed to determine the best ways to provide adequate station density throughout the 
western United States.  Also, ET weather station standards should be established for all ET 
network providers to adhere to.  The standards should cover weather station components, 
location, and quality assurance to ensure accurate and consistent ET values. 


• Research should be supported to further the understanding and development of crop 
coefficients.  Specific research topics should include hybrid crops, riparian and wetland 
plants, salt and groundwater effects, and non-standard climate condition effects.  


• Support should be provided to include the emissive thermal infrared band component of the 
Landsat Data Continuity Mission.  


• Research on remote sensing ET mapping should be further developed and implemented. 
Surface energy balance methods and methods to extrapolate weather station ET values 
should be improved. 
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Water Monitoring Networks 


Water monitoring serves as a foundation for water-resources planning and management and 
plays a vital role in developing and maintaining sustainable water supplies for economic 
development, public health and safety, and environmental protection.  Components of the natural 
hydrologic cycle, such as precipitation, snow pack, streamflow, and groundwater storage, can all 
vary greatly in time and space, and in the Western States1, water often is not readily available 
where and when it is needed.  This natural variability presents significant challenges to water-
resources managers concerned with planning and managing sustainable and reliable water 
supplies, allocating those supplies among competing uses, and responding to extreme climatic 
variations of precipitation, snowpack, or streamflow.  To keep available water supply ahead of 
demand, successful water-supply planning and water-resources management require an accurate 
understanding of how much water is available under different hydrologic conditions, and how 
that availability is likely to change over time.  This effort requires a combination of long-term 
monitoring to accurately assess the reliability of potential water supplies and short-term (real-
time) monitoring to manage water allocations, distribution, and discharge.   
 
Essential hydrologic information is provided by local, regional, and national water-resources 
monitoring networks that have been developed and operated for more than a century in the 
Western States and provided a foundation for sustained economic growth.  This chapter 
describes the current status of water monitoring programs in the Western States and assesses 
their adequacy to meet current and emerging water-management needs.  The chapter starts with a 
summary of the results of an inventory of water information needs as described by State water 
management agencies followed by individual sections describing monitoring networks for each 
of the significant components of the hydrologic cycle including streamflow, groundwater levels, 
precipitation, snow pack, and evapotranspiration.   
 
The chapter largely focuses on regional-scale monitoring programs that are operated by State and 
Federal agencies that support local, regional, and interstate water-resources planning and 
management.  These regional networks typically provide information on site-specific hydrologic 
conditions at individual monitoring sites, but their greater value is in providing assessments of 
regional hydrologic conditions that can be applied to broad areas.  These regional assessments 
have many uses and provide benefits to multiple parties; as such, the operation of regional 
monitoring networks has largely been the responsibility of Federal and State agencies.  Federal 
agencies with large regional water-resources monitoring responsibilities in the Western States 
include: 
 


• USGS: Streamgaging and Groundwater Levels 
• National Weather Service: Precipitation   
• Natural Resources Conservation Service: Snow Pack  
• Bureau of Reclamation: Soil Moisture  


 
Regional networks may not always meet the needs of individual water users to address specific 
or local water-management issues, so the regional networks are sometimes augmented with site-


                                                           
 
1 Western States in this case denotes those states that are members of the Western States Water Council  
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specific monitoring or measurements conducted at a finer scale, or, over a shorter time frame, by 
local authorities.  These local networks differ greatly from one locality to another, and the  
 
resulting data are not always readily available.  Local monitoring networks are not fully 
described in this assessment, but the need to better integrate their data into unified hydrologic 
networks is discussed. Regardless of scale, the demands on available water supplies continue to 
increase, and the need for more accurate and timelier water-resources information is greater than 
ever. 


State Monitoring Survey 
As a part of this assessment of available water-resources information in the West, 18 western 
states were surveyed to gain information on their existing needs and uses of water monitoring 
information.  In total, 13 states responded (AK, AZ, CA, ID, KS, NE, NV, OK, OR, SD, TX, 
UT, and WY) and their responses varied widely from state to state in the amount of detail 
provided.  Although largely qualitative, this survey provided useful information for this report. 
 
Data Sources:  State agencies indicated that they consistently utilize a large amount of water-
resources information for water-resources planning and management.  Much of these data is 
provided through Federal monitoring programs, independent state monitoring programs, and an 
accumulation of information from a variety of other sources, including river authorities, power 
companies, municipalities, and public and private water districts.  Specific information types that 
are consistently used by state agencies include: 
 


• Streamflow  
• Spring discharge 
• Groundwater levels 
• Lake/reservoir levels 
• Snow surveys 


o Snow pack 
o Snow water content 


• Pan evaporation and evapotranspiration 
• Water quality (surface water, groundwater, and /or drinking water) 


o Dissolved oxygen, pH, temperature, radionuclides, specific conductance, 
pesticides, bacteria, trace metals, arsenic, nitrates, nitrites, inorganics, volatile 
organic compounds, and toxins 


• Aquifer characteristics 
o Saturated thickness, yield, etc. 


• Various biological activity 
• Reservoir bathymetric surveys 
• Thermal band satellite imagery (LANDSAT) 


 
In addition to the data described above, many state and local agencies collect information on 
water use and return flows.  Reporting requirements for surface-water and groundwater usage 
vary from state to state.  Water-use regulation and tracking are primarily under the purview of 
the state agencies, which are expending a tremendous amount of effort in providing accurate 
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information.  In some states, irrigation water use is highly regulated and highly monitored, with 
sensors installed to quantify diversions.  In some cases thermal-band satellite imagery and other 
data are being used to identify unauthorized water use. 
 
Several states have drought monitoring programs, which use information on soil moisture 
content, crop conditions, reservoir contents, and other pertinent data.  These drought monitoring 
programs provide early warnings to farmers and irrigation districts to help them better manage 
limited water availability. 
 
Most states have water-quality monitoring programs that were created to fulfill Section 303(d) of 
the Federal Clean Water Act.  The Texas Commission on Water Quality collaborates with 15 
partner agencies for water-quality monitoring, assessment, and public outreach.  Though not 
explicit in the responses to this survey, it is assumed that other states have similar programs for 
collecting water-quality data. 
 
Data Gaps:  State agencies identified many gaps that currently exist in their water data and 
information—gaps that hinder their ability to adequately manage the water resources of their 
respective states.  The most common data gaps include: 
 


• Streamgaging 
• Diversions 
• Snow surveys (including snow pack and water content) 
• Wastewater and irrigation return flows 
• Water use and demand (mainly domestic and agricultural) 
• Physical characteristics of aquifers (both fresh and brackish) 
• Surface- and groundwater adjudications 
• Water-quality monitoring 
• Site-specific evapotranspiration, including crops 
• Conservation practice data (extent of implementation, effectiveness of programs, etc.) 
• Effluent reuse 
• Reservoir sedimentation rates 
• Hydrological impacts of climate change 
• High-resolution topographic data for modeling purposes (for example, Light Detection 


and Ranging (LIDAR)) 
 
Although states raised many different issues and concerns, most states consistently indicated the 
need for more quantitative groundwater and surface-water monitoring.  In addition, many states 
touched on two emerging issues:  reuse and climate change.  Long-term water-resource planning 
is challenged if the basic assumption of climate stationarity cannot be made.  Some states are 
trying to determine the possible impact of climate change on the viability of their future water 
supplies, but this task is complicated by the levels of uncertainty inherent in the readily 
accessible global climate models (GCMs), the difficulty in downscaling the GCM forecasts to 
the watershed or aquifer scale, and the challenge of incorporating this information into surface- 
and groundwater availability models for management decisions. 
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Many water providers rely, either explicitly or implicitly, on wastewater or irrigation return 
flows.  As the gap between water availability and demand narrows, water managers are 
increasingly looking towards unconventional sources of water.  In Texas, and presumably in 
other states, the entitlement to the wastewater generated by water providers is a complex legal 
issue that recently has been treated on a case-by-case basis.  Quantification of return-flow 
volumes is often not reported, or at best self-reported, and is emerging as an important new water 
information need. 
 
In addition to basic water data, states indicated an increasing need for the decision-support tools 
upon which to base management decisions.  Some states indicated that even when sufficient data 
are available, the models used by decision makers are inadequate, and they cited water 
availability and water-supply forecasting models as examples. 
 
When asked about the primary reasons that data gaps exist, states responded with a short list that 
included: 
 


• Funding, at the Federal, state, and local levels 
• Accessibility of monitoring locations (private or tribal lands, or remoteness) 
• Difficulty understanding complex systems (for example, glacial outwash aquifers in 


South Dakota) 
• Resistance to measurement (some water users do not want their water usage known) 


 
Nearly every state mentioned funding as one of the main obstacles, particularly the rising costs 
of operating streamgages and the decline of matching funds available from the USGS’s 
Cooperative Water Program (CWP) (Figure 1).  The CWP supports the operation of 
streamgages, groundwater observation wells, water-quality sampling, and interpretive hydrologic 
assessments through joint funding agreements with state, local, and tribal cooperators.  In recent 
years, funding shortfalls have introduced difficult tradeoffs for the CWP between funding data 
collection and developing interpretive tools, such as water-availability models, which water 
managers have identified as important needs.  Priorities for these funding decisions are made by 
individual USGS Water Science Centers in consultation with their cooperative partners 
depending on national, state, and local water issues and conditions. 
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Figure 1.  Trend in Federal matching funds for the US  
            Geological Survey’s Cooperative Water Program (CWP). 
 
Some states also pointed out that what may be perceived as a data gap may not in fact be a gap 
because information is being collected locally, but is not being made publicly available.  Better 
communication and coordination between entities charged with management and monitoring of  
water data would help address some of the perceived gaps in available data. 
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State and Federal Water Monitoring Networks 


Streamgage Network 
Operation of streamgaging networks is essential to knowing the current and long-term flow of 
water in the Nation’s streams and rivers, and plays a vital role in flood protection, water supply, 
pollution control, and environmental management (National Research Council (NRC), 2004).  
The USGS is the largest provider of streamflow information in the United States and operates a 
network of about 7,500 streamgages nationwide, of which approximately one-half are located in 
the 18 Western States.  Streamflow data from these streamgages are available on the Internet 
through NWISWeb, and real-time data describing current conditions from those streamgages 
with at least 30 years of record are available on the Internet via Water Watch (Figure 2).  In 
addition, the USGS incorporates quality-assured streamflow records from 548 streamgages 
operated by a variety of other organizations in the Western states into the USGS National Water 
Information System (NWIS) (http://waterdata.usgs.gov/nwis). 
  
 


 
Figure 2.  USGS real-time streamgaging network as reported on WaterWatch. 
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In addition to the streamflow information available from the USGS though NWIS, several 
Western States operate independent continuous streamgaging networks.  These States include 
Nebraska www.dnr.ne.gov and Washington www.ecy.wa.gov, which operate 87 and 128 
continuous record streamgages, respectively.  There also are small streamgaging networks 
operated by local and private entities and numerous partial record streamflow data sites that are 
typically operated only during the summer irrigation season or to measure peak flood flows.  
These partial record sites do not provide a continuous streamflow record and, therefore, were not 
included in this evaluation. 
 
Some USGS streamgages have more than 100 years of continuous-record streamflow dating 
back to 1889, when the USGS was tasked by the U.S. Congress to survey western lands for their 
irrigation potential and the need for flood control.  The number of streamgages increased steadily 
throughout the 20th century, as did the uses for the information.  Today, streamgages provide 
essential information for water-supply planning, flood forecasting and warning, engineering 
design of transportation and water-management structures, management of water-resource  
systems to meet customer needs and satisfy regulatory requirements; administration of water 
rights, water-resource appraisal, allocation, and planning; determination of the effects of land 
use, water use, and climate changes; aquatic-habitat assessment and protection; water-quality 
evaluations, assessments, and planning; and recreation safety and enjoyment (National 
Hydrologic Warning Council, 2006). 
 
The value and usefulness of streamflow information are influenced by much more than just the 
number and location of streamgages. The value of these data is also highly influenced by the 
accuracy, reliability, timeliness, and availability of the streamflow information that is produced.  
The USGS and other agencies that collect streamflow information necessarily put significant 
emphasis and effort in quality assuring the collection, analysis, and distribution of streamflow 
information so that the quality of the data is apparent to the user.  Ideally, data of equivalent, 
known quality collected by different organizations would be integrated into a unified hydrologic 
network that will expand both the geographic range and density of available hydrologic 
information.  That is a current challenge, in that the data-collection procedures followed by the 
numerous organizations collecting hydrologic information are not always well known nor are the 
data always readily available to outside users.  A well-coordinated effort to better organize and 
report this streamflow information would be of great use to water managers in the West and 
throughout the Nation. 


Streamgage Network Assessment 
This section provides three different assessments of streamgaging networks in the Western 
United States. 
 
The first assessment is an analysis of the status and trends of the streamgaging network in the 
Western United States available through the USGS NWIS system. 
 
The second assessment is based on the results of an evaluation of the Nation’s broad, national 
streamgaging network conducted by USGS in the year 2000 as a part of the design of the 
National Streamflow Information Program (NSIP).  This assessment included data from a total of 
21,026 streamgages including:  6,783 active USGS streamgages; 12,391 discontinued USGS 
streamgages; and 1,852 active streamgages operated by 53 other agencies and corporations.  The 
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second assessment evaluates how well the existing streamgaging network in the Western United 
States is meeting five identified Federal needs for streamflow information.   
 
The third assessment evaluates a broader list of streamgaging needs as defined by the Advisory 
Committee for Water Information (ACWI) Streamgaging Task Force.  This assessment makes 
the assumption that a network optimized to meet the ACWI Streamgaging Task Force’s list of 
needs also would meet the goal of having adequate streamflow information to answer the broad 
question of how much water is available to meet current and future demands. 
 
Assessment I – Status of the Existing USGS Streamgage Network 
The streamgages that make up the current (2006) streamgaging network available through the USGS 
NWIS for the 18 Western States are shown in Figure 3.  As shown in Table 1, this network has 3,595 
streamgages — 115 streamgages more than the 3,480 active streamgages in 1996 (a 3.3-percent 
increase over the last decade).  Table 1 also shows that changes in the number of active streamgages 
vary greatly by state, from a decrease in Colorado of 93 streamgages to an increase in Texas of 56 
streamgages; on average, states added about 6 streamgages each during the 11-year period from 1996 
through 2006.  Table 1 also shows the number of long-term streamgages (30 or more years of record) 
discontinued in each state from 1996 through 2006.  For the 18 Western states, 288 long-record 
streamgages were discontinued between 1996 and 2006.  The loss of these long-term streamgages is of 
real concern to water managers because they provide the most accurate information on the long-term 
sustainability of water resources and are critical to understanding the hydrologic effects of climate 
change and variability.  These streamgages also provide highly useful information on the hydrologic 
effects of changing land use and water use.  The loss of these long-term streamgages was one of the 
primary motivations for creating the National Streamflow Information System as described in the next 
section. 
 


 
Figure 3.  USGS streamgaging network in the Western United States. 
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Table 1.  Status of current USGS streamgage network in western United States. 


State 
No. of active 


streamgages, 1996 
No. of active 


streamgages, 2006 
Difference from 
1996 to 2006 


No. of long-term 
streamgages lost 


Alaska 82 100 18 21 
Arizona 204 227 23 10 
California 705 733 28 47 
Colorado 366 273 -93 51 
Idaho 206 210 4 13 
Kansas 151 153 2 12 
Montana 149 167 18 7 
N. Dakota 79 80 1 3 
Nebraska 78 87 9 10 
New Mexico 131 133 2 22 
Nevada 143 155 12 3 
Oklahoma 111 133 22 3 
Oregon 149 181 32 13 
S. Dakota 129 113 -16 7 
Texas 334 390 56 24 
Utah 137 134 -3 18 
Washington 235 249 14 16 
Wyoming 91 77 -14 8 
 Totals 3,480 3,595 Average = 6 288 


 
Information on funding for just the Western states as part of the USGS streamgage network is 
not readily available, but the ratios are likely similar to the national USGS streamgage network.  
Figure 4 shows the percentage of the total USGS streamgaging costs covered by different 
funding sources.  From Figure 4, it is clear that nationally, state and local agencies cover more of 
the costs than any other single source of funding; however, the Federal programs combined 
cover slightly more than 50 percent of the total cost of the network.  Approximately two-thirds of 
the active streamgages are funded cooperatively by more than 800 funding partners nationwide 
as part of the USGS Cooperative Water Program (CWP) (http://water.usgs.gov/coop/).  While 
this funding process works well to keep the USGS streamgage program relevant to local needs, it 
has led to some instability in the national network because the USGS cannot maintain 
streamgages that meet critical national needs if matching funds from cooperative partners are no 
longer available.  This network instability was another primary motivation for creating NSIP. 
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Figure 4.  Funding sources for USGS streamgaging  
    network nationwide, Fiscal Year (FY) 2006.  
    OFA = Other Federal Agency 
    Coop = USGS Cooperative Water Program  


NSIP = National Streamflow Information Program. 
 
Assessment II – Effectiveness of the National Streamgaging Network in Meeting the NSIP 
Federal Goals 
The USGS completed an analysis to identify streamgages needed in a national base network that 
would satisfy five primary Federal goals for obtaining streamflow information.  The five goals 
used in this assessment are: 
 


(1) determining streamflow at interstate and international borders and at locations 
mandated by court decrees, 


(2) determining the streamflow component of water budgets for the major river basins of 
the Nation, 


(3) providing real-time streamflow information to support streamflow forecasting 
activities, 


(4) providing streamflow information at locations included in USGS national water-
quality networks, and 


(5) providing streamflow information necessary for regionalization of streamflow 
characteristics and assessing potential long-term trends in streamflow associated with 
changes in climate. 


 
The streamgage database used for this analysis included 21,026 streamgages, as follows:  6,783 
active USGS streamgages; 12,391 discontinued USGS streamgages; and 1,852 active 
streamgages operated by 53 other agencies and corporations.  Active streamgages were identified 
on the basis of availability of continuous data in a database in 2000, the year the analysis was 
begun.  Streamgaging partners were queried to identify other agencies and corporations that 
might be collecting continuous streamflow data.  Other-agency information was also provided by 
the Streamgaging Task Force of the Advisory Committee on Water Information.  Identified 


 16







 
 


agencies and corporations were requested to provide a list of the streamgages they operate, along 
with other information necessary to complete the database entries.  Brief descriptions of quality-
assurance procedures were also requested.  A few agencies did not respond to the request for 
information, and as a result, streamgages operated by those agencies were not considered in the 
analysis.  The database of streamgages and more information on the NSIP analysis and design 
can be obtained at http://water.usgs.gov/osw/programs/nsip/. 
 
Streamgage Network Evaluation: Following is a discussion of the analyses and results of the 
evaluation completed by the USGS regarding the adequacy and shortcomings of the streamflow 
monitoring network (as of 2000) in meeting the five identified Federal goals for streamflow 
information listed below.  The discussion includes a description of the need for the information 
and the metrics used to determine where streamgages should be located to meet those goals in 
the 18 Western states; the original NSIP analyses covered the entire Nation. 
 
1. Border Crossings, Compacts, and Decrees Need 
This goal was designed to provide accepted, neutral streamflow information for states to use in 
the allocation of interstate waters.  These data are needed to compute amounts of water 
transferred across state and international borders.  In addition, this need was to provide the 
streamflow information at all locations mandated by treaties, interstate compacts, and court 
decrees. 
 
The metric for border crossings required that streamgages be operated on all reaches that have a 
drainage area of at least 500 square miles at state and international border crossings.  Locations of 
streamgages required by treaties, compacts, and decrees were identified and included in this 
assessment. 
 
The results of the analysis for the border crossings, compacts, and decree needs for the Western United 
States are shown in Figure 5.  Using the metrics for this need, 398 streamgage sites were identified as 
the minimum to support this need.  Of these 398 sites, all but 35 are currently active, 356 are operated 
by the USGS, and 7 are operated by other agencies. 
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Figure 5.  Streamgages needed to support border crossings, 


         compacts, and decrees in the Western United States.  
 
2. Water Budgets of Major River Basins Need 
Knowledge of the outflows of major river basins is required for forming regional and national water 
policies and planning.  Seaber and others (1987) defined drainage boundaries for the 352 major river 
basins in the United States and designated the major basins as accounting units (AUs) with 6-digit 
hydrologic unit codes.  To satisfy the water-budget goal, the contribution of streamflow should be 
accounted from each AU to the next downstream AU or to coastal waters or the Great Lakes. 
 
The metric for this goal is to measure streamflow in as much drainage area as possible in each 
AU.  For AUs drained by a single major river, 90 to 110 percent of the drainage area of the AU 
should be monitored.  For coastal AUs drained by more than one major river, and for some 
inland basins with no outlet, the terminal end of the largest river should be monitored.  If the 
drainage area for these streamgages is less than 50 percent of the drainage basin, then a second 
streamgage may have been added.  The results of the analyses for this streamflow information 
goal are shown in Figure 6.  Based on the stated metrics, 230 locations were identified as a 
minimum to provide streamflow information to meet this need.  Of these 230 locations, 187 (81 
percent) are currently active (180 operated by the USGS, 7 operated by other agencies) and 43 
are either discontinued streamgages or locations where no streamgage has existed. 
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Figure 6.  Streamgages needed to support water budgets of major 


    river basins in the Western United States. 
 
3.  Streamflow Forecasting Need 
The goal is to provide critical streamflow information for locations where streamflow is forecast, 
including flood forecasts to protect populations at risk from flooding.  In addition, long-term data 
are needed to design structures, such as dams, roads, and bridges that need to remain operational 
during large floods, and to develop flood inundation maps for setting flood-insurance rates and 
for zoning.  Real-time data are needed for flood forecasting and for emergency-management 
decisions. 
 
The metric used to select real-time streamgage locations to meet this goal was to support the 
streamflow-forecasting functions (including flood forecasts) of the U.S. National Weather 
Service (NWS) and the National Resource Conservation Service streamflow forecasts. 
 
The streamgage locations required to meet this need based on the metrics used are shown in 
Figure 7.  Of the 2,054 streamgage locations identified, 70 percent (1,440) have active 
streamgages present (1,344 operated by the USGS and 96 by other agencies) and 614 are either 
discontinued streamgages or locations where no streamgage has existed. 
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Figure 7.  Streamgages needed to support the streamflow 


          forecasting need in the Western United States.  
 
4.  Water Quality Need 
This goal was to provide streamflow information for the national USGS water-quality networks:  
Hydrologic Benchmark (HBM) network, National Stream Quality Accounting Network 
(NASQAN), and National Water-Quality Assessment (NAWQA) Program status and trends 
network.  Each of the networks is designed to fulfill different national needs for water-quality 
information.  These various USGS Program networks are described on the World Wide Web at 
http://water.usgs.gov/nasqan/. 
 
The metric for the water-quality goal was designed so that a streamgage would provide 
streamflow data for every water-quality site in each of the networks.  Streamgages were required 
to be on the same reaches as the water-quality network stations selected.  Figure 8 shows the 
locations of the 53 streamgages needed to provide the required information.  Of these, 48 are 
active and 5 would require reactivation or new installation.  It should be emphasized that the 
streamgages described here only support the USGS water-quality monitoring network, which is 
an important but small subset of water-quality monitoring conducted nationwide.  A more 
comprehensive evaluation of streamflow information needed to support water-quality monitoring 
is included in Assessment III and Table 2. 
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Figure 8.  Streamgages needed to support USGS water-quality 
      monitoring in the Western United States.  
 
5.  Regionalization and Long-term Trends Need 
Long-term streamgages are needed to determine streamflow characteristics, such as the 100-year 
flood and the 7-day, 10-year low flow, which are used by water-resources planning and 
regulatory agencies throughout the Nation.  Regionalization techniques use information from 
long-term streamgages that are minimally affected by human influences to estimate streamflow 
characteristics for sites on ungaged streams.  Streamgages that are suitable for regionalization are 
also suitable for assessing trends in streamflow in response to climatic change.  The goal is to 
operate a streamgaging network that enables regionalization of streamflow characteristics and 
assessments of trends in streamflow. 
 
In the conterminous United States, the metric for this goal was to operate a representative 
streamgage in each of the 802 eco-AUs in the Nation.  Eco-AUs are geographic areas of at least 
100 square miles defined by intersecting the 352 AUs (Watermolen, 1999) with the 76 
ecoregions of the conterminous United States (Omernick, 1987).  Representative streamgages are 
those that are minimally affected by human influences and that have drainage areas that are at 
least 80 percent within a single eco-AU, as opposed to streamgages on streams that simply flow 
through the eco-AU.  The streamgages required to meet this need are shown in Figure 9.  
Applying the metrics to the Western United States resulted in a total of 486 streamgage locations 
to meet this goal, of which 244 (50 percent) currently have active streamgages. At the other 242 
locations, no streamgage has ever existed or use of a streamgage was discontinued. 
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Figure 9.  Streamgages needed to support the regionalization 


       of hydrologic data and long-term trends.  
 
Summary:  Figure 10 shows the minimum streamgage network (2,677 streamgages) that would 
be required in the Western United States to meet the five needs identified by the USGS National 
Streamflow Information Program (NSIP) as evaluated above.  It should be noted that many 
streamgages meet more than one of the identified needs.  Of the 2,677 identified streamgages 
needed to meet these goals, 1,796 (67 percent) are currently active and 881 streamgages (33 
percent) would need to be installed or reactivated.  Thus, if the five identified Federal goals 
included all the needs for streamflow information required today, the existing network would be 
able to supply about 67 percent of the required information.  From a visual analysis of Figure 10, 
the additional 881 streamgages required to maintain the network at the minimum level are widely 
distributed across the Western United States and not concentrated in one or more specific 
localities. 
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Figure 10.  Streamgaging network in the Western United States to meet all 


       five NSIP Federal needs. 
 
Assessment III - Effectiveness of the National Streamgaging Network in Meeting Future 
Streamflow Information Needs 
The need for streamflow information extends far beyond the five Federal goals evaluated above 
from the USGS’s National Streamflow Information Program.  The Advisory Committee on 
Water Information (ACWI) Streamgaging Task Force (Report of the Streamgaging Task Force to 
the Advisory Committee on Water Information, April 3, 2002) identified 14 needs (Table 2) for 
streamflow information (including the five NSIP needs).  Their analyses indicated that meeting 
all streamflow information needs in 2002 would require 18,330 streamgages, or about four times 
more than the 4,424 streamgages identified in the NSIP network design.  Approximately one-
third of these additional gages are required to support water-quality monitoring and permitting 
requirements. 
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         Table 2.  ACWI Streamgaging Task Force Federal needs  
         for streamflow information. NWS = National Weather Service;  
         NRCS = National Resources Conservation Service;  
         NFIP = National Flood Insurance Program;  
         NPDES = National Pollution Discharge Elimination System   


Network Goal 
Number of Required 


Streamgages 
NWS and NRCS forecasting 3,373 
Major river basin 384 
Compacts and borders 538 
Flow estimation and trends 849 
Water-quality monitoring 209 
NFIP communities 7,297 
Impaired water quality 9,123 
NPDES permits 2,116 
River safety 4,350 
Federal lands 89 
Surface-water diversions 27 
Reservoirs 1,526 
Migratory fish habitat 296 
Commercial navigation 208 
     Total individual requirements 30,631 
     Number of stations required 18,330 


 
Of these 18,330 streamgages, 8,913 (49 percent) are located in the 18 Western states, and of that total, 
2,129 streamgages (24 percent) are currently active (Figure 11).  This means that to fully satisfy the 
identified current needs for streamflow information in the Western United States, an additional 6,784 
streamgages are required, implying a substantial gap between the existing streamgage network and one 
that would meet the current and future needs for streamflow information. 
 


WY 2006 Active Streamgage – 2,129


AWCI Goal Location - 8,913
(Using all 14 Goals)  


Figure 11.  Locations of ACWI Streamgaging Task Force 
         identified streamgages and current (2006) active streamgages. 
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Summary  
The preceding analysis indicates that the streamflow information needs of the Western United 
States are not being met by the current streamgaging monitoring network, presenting a 
substantial challenge for water managers in the West.  In the survey of state water agencies, 
water managers consistently noted the shortage of streamgaging information as an important data 
gap.  USGS information also shows a steady loss of important long-term gages, and the USGS 
National Streamflow Information Program (NSIP) analysis indicates that the West lacks one-
third of the streamgages needed to meet the Federal water information needs.  The ACWI 
Streamgaging Task Force identified an even greater shortage of streamgages to meet state and 
local streamflow information needs, including a large number of streamgages needed to support 
water-quality monitoring and management.   


References  
National Hydrologic Warning Council, 2006, Benefits of USGS Streamgaging Program:  Users 
and uses of USGS streamflow data, 40 p. 


National Research Council, 2004, Assessing the National Streamflow Information Program, 
Water Science and Technology Board, 176 p. 


Omernick, J.M., 1987, Ecoregions of the Conterminous United States, Map (scale 1:7,500,000), 
American Association of Geographers, v. 77, pp.118-125. 


Seaber, P.R., Kapinos, F.P., and Knapp, G.L., 1987, Hydrologic Unit Maps: USGS Water-
Supply Paper 2294, 63 p., map. 


Watermolen, J., 1999, Hydrologic Unit Boundaries, Map (scale 1:2,000,000), USGS, 1 plate. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 25







 
 


Groundwater Monitoring 


Groundwater is an important and often overlooked natural resource.  In the Western United 
States, groundwater provides about 55 percent of the municipal water supply, 36 percent of the 
West’s irrigation water, 50 percent of water supplies for livestock, and nearly 100 percent of the 
drinking water supply in rural areas (Hutson and others, 2004).  In addition, groundwater 
typically is closely connected to surface water in streams and rivers and serves as the principal 
source of surface-water base flow during critical low-flow periods.  Over the past 50 years, 
increased pumping of groundwater has resulted in both precipitous water-level declines in 
several of the West’s major aquifer systems, such as the High Plains aquifer, the Denver Basin, 
and California’s Central Valley, and the depletion of surface-water flows in numerous springs, 
streams, and rivers.  The sustainability of groundwater resources is an important component of 
any assessment of water supplies in the West, and groundwater-level monitoring networks 
provide essential information to that assessment. 


Resource Evaluation and Trends 
Groundwater levels measured in observation wells are one of the fundamental metrics of the 
state of an aquifer system.  Long-term data from regular measurements of groundwater levels 
within a well provide information on long-term trends in local and regional water levels from 
which to evaluate natural fluctuations within an aquifer system and the effects of human-induced 
stresses on the aquifer system.  Decades of water-level data collection are needed to compile a 
hydrologic record that includes a representative natural range of seasonal and annual water-level 
fluctuations in an aquifer and to track local and regional water-level trends over time (Taylor and 
Alley, 2001). 
 
Changes in water levels reflect changes in the amount of water stored in the aquifer, and thus 
changes in the amount of water that may be available for use.  In addition, long-term ground-
water level data provide critical input to groundwater computer models that are the primary 
means of forecasting the effects of current and future groundwater withdrawals on the 
sustainability of surface- and groundwater systems. 
 
Groundwater flow models provide a powerful tool that hydrologists can use to evaluate ground-
water resources.  A well-constructed groundwater model can be used to design monitoring 
programs, evaluate management strategies, forecast the effects of future changes to the ground-
water system, and assess groundwater and surface-water interactions.  Long-term groundwater- 
level data provide critical input to these groundwater models.  Some state and local agencies 
have completed modeling studies to evaluate groundwater availability and management 
strategies of their aquifers.  The USGS Ground-Water Resources Program is evaluating the status 
of major aquifer systems in an attempt to ultimately provide a national assessment of ground-
water availability. 
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Status of Basic Groundwater Data Gathering Activities by Federal and State 
Agencies 
The following discussion addresses the status of groundwater data collection by Federal and 
State agencies in 17 Western states.  The focus of this section is on those state and Federal 
programs that collect long-term data.  Information on Federal programs was compiled from 
USGS offices and the USGS National Water Information System (NWIS) databases, and from 
conversations with representatives from the National Park Service, Bureau of Land Management, 
Forest Service, and Bureau of Reclamation.  Information from state programs was compiled 
from an Internet search of groundwater Web sites available from each state. 
 
In January 2007, the Federal Advisory Committee on Water Information (ACWI) instituted a 
Subcommittee on Ground Water (SOGW) to “develop and encourage implementation of a 
nationwide, long-term groundwater quantity and quality monitoring framework that would 
provide information necessary for the planning, management, and development of groundwater 
supplies to meet current and future water needs, and ecosystem requirements.”  A survey of state 
water-level and water-quality monitoring programs was jointly distributed by three members of 
the SOGW: the National Ground Water Association, the Ground Water Protection Council, and 
the American Association of State Geologists.  The survey was open for response through 
November 1, 2007, and the results currently are being evaluated by the SOGW.  Data from this 
survey will provide additional details on monitoring programs in the Western states when they 
are available. 
 
The goal of the ACWI SOGW is to use this survey to develop a framework for a national 
groundwater monitoring network.  This national network will focus on groundwater monitoring 
of the Nation’s major aquifer systems and will incorporate existing observation wells from 
Federal and State groundwater monitoring networks.  The national network will be supported by 
recommended data-collection protocols, data-quality descriptors (or metadata), and data formats 
for serving information through an integrated Internet-based data portal.  This effort will focus 
on improving the delivery of groundwater information from existing observation wells, and does 
not include plans to conduct a gap analysis to identify data needs or geographic locations that are 
not currently being served by existing groundwater monitoring networks. 


Federal Monitoring Programs 
USGS (USGS):  Nearly all of the Federal groundwater level monitoring in the 17 Western States 
is conducted by the USGS.  The large majority of this work is jointly funded by the USGS and 
States through the USGS Cooperative Water Program (CWP).  A small amount of water-level 
monitoring is funded through the USGS Ground-Water Resources Program, and some water-
quality monitoring is funded through the USGS National Water-Quality Assessment (NAWQA) 
Program. 


 
Table 3 presents a distribution by state of the total number of wells in the USGS National Water 
Information System (NWIS) for which a groundwater level measurement was taken within the 
last year (Water Year 2007) for which there are at least 5 years of measurements.  The 10,185 
wells measured include 1,139 wells (approximately 11 percent) from which quality-assured 
measurements are furnished to the USGS by state and local agencies. 
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Because the frequency of measurement also is important, Table 3 and Figure 12 show the 
distribution of wells by measurement frequency.  The number of wells alone is not necessarily a 
good measure of the quality of a monitoring network.  A high-quality groundwater level network 
should represent conditions within various topographic, geologic, climatic, and land-use 
environments; must be able to measure water levels within the three-dimensional groundwater 
system and changes in that system over time; and should monitor pumped areas as well as 
ambient conditions.  Metrics for these aspects of a monitoring program require detailed 
information about well distribution, well depths, aquifer thickness, and groundwater use.  
Ideally, when designing a ground-water monitoring network, these metrics should be evaluated 
within the context of the aquifer system or area of concern. 
 
Table 3.  Wells in NWIS with at least one water-level measurement taken by the USGS or 
cooperating agency in Water Year 2007, by frequency of measurement and length of record. sq 
mi = square mile; Mgal/D = million gallons per day 


State 
Total Wells 
Measured 


Total Wells 
Measured 
(at least 5 
years of 


data) 


Wells 
measured 
annually 
(at least 5 
years of 


data) 


Wells 
measured 


semi-
annually  
(at least 5 
years of 


data) 


Wells 
measured 
quarterly 
(at least 5 
years of 


data) 


Wells 
measured 


daily  
(at least 5 
years of 


data) 


Wells 
reported 
in real 
time  


(at least 
5 years 
of data) 


Total 
Wells (at 
least 5 yrs 
data, per 
1000 sq 


mi) 


Total Wells 
(5 yrs data 


per 100 
Mgal/D) 


Arizona 250 71 58 6 2 5 5 0.63 2.08 
California 1,581 1,092 847 123 54 68 29 7.00 7.18 
Colorado 1,229 903 731 75 96 1 0 8.71 38.92 
Idaho 976 640 445 82 107 4 3 7.73 15.46 
Kansas 413 391 97 6 276 12 6 4.78 10.32 
Montana 31 31 13 0 1 17 1 0.21 16.49 
North Dakota 49 48 6 10 11 21 2 0.70 39.02 
Nebraska 4,343 3,849 3742 49 31 26 1 55.88 216.24 
New Mexico  798 499 342 79 10 68 0 6.49 32.40 
Nevada 793 680 448 146 73 13 8 6.19 89.83 
Oklahoma 379 110 108 0 0 2 2 1.60 14.27 
Oregon 192 157 98 24 22 13 12 1.64 15.81 
South Dakota 32 15 5 2 0 8 8 0.20 6.76 
Texas 832 656 571 20 52 13 9 2.51 7.75 
Utah 882 712 658 6 29 19 0 8.67 69.80 
Washington 425 261 121 32 106 1 1 3.92 17.76 
Wyoming 78 70 25 1 0 44 2 0.72 12.94 
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Total Wells Monitored by the USGS
with at least 5 years of measurements


categorized by measurement frequency 
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  Figure 12.  Wells with groundwater levels monitored by the U.S. Geological 


      Survey in 17 Western States during the 2007 Water Year with at least 5 years  
      of measurements, categorized by measurement frequency. 


Figure 13 illustrates the distribution of these wells by state and by type of groundwater 
measurement (periodic, continuous, or real time).  This figure illustrates the wide variability in 
the distribution and density of groundwater level measurements collected by USGS.  The USGS 
network is complemented by independent groundwater monitoring networks in several states, 
such as Texas and Oklahoma.  Groundwater levels are typically measured by USGS in large 
productive aquifers that provide economically important water supplies and are often subjected 
to groundwater level declines.  The density and distribution of the USGS network is largely 
driven by the availability of matching funds from state and local agencies through the USGS 
Cooperative Water Program.  The amount of  groundwater-level data collected in smaller or less 
productive aquifers that are not actively managed is much smaller. 
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Figure 13.  Distribution of 13,283 wells with at least one 
water-level measurement taken in by the U.S. Geological 


          Survey and Cooperators in Water Year 2007, regardless 
          of measurement frequency or history of measurements. 
 
Two metrics that attempt to broadly evaluate the USGS network by state are illustrated in the 
following figures.  Figure 14 relates well coverage to state land area by illustrating the total 
number of wells with at least 5 years of data collection per 1,000 square miles of state land.  
Figure 15 relates well coverage to groundwater use by illustrating the total number of wells with 
at least 5 years of data collection per 100 million gallons per day of groundwater use in the state. 
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   Figure 14.  Relation of well coverage to state land area, using 


        total number of wells with at least 5 years of data collection  
        per 1,000 square miles of state land. 


 


 
  Figure 15.  Relation of well coverage to groundwater use, using 


     the total number of wells with at least 5 years of data collection  
     per 100 million gallons per day of groundwater use in the state. 
 
Table 4 and Figure 16 present a distribution by state of the total number of wells from which a 
groundwater quality sample was collected by USGS in the 2006 Water Year.  This table 
combines all sampling efforts, regardless of the sampling objective or funding source.  Direct 
Federal monitoring, at both the local and regional scales, is done through the NAWQA Program.   
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Statewide groundwater quality monitoring is also conducted by USGS in some states through the 
Cooperative Water Program, such as California is the Ground-Water Ambient Monitoring and 
Assessment (GAMA) comprehensive statewide groundwater quality program 
(http://ca.water.usgs.gov/gama), and in Idaho, through the statewide Ambient Ground-Water 
Quality Monitoring Program (http://www.idwr.idaho.gov/hydrologic/info/statewide).  Again, 
many individual states maintain independent groundwater quality monitoring networks as well. 
  


Table 4.  Total number of wells sampled for ground- 
water quality by USGS in the 2006 Water Year. 


State Wells Sampled 
Arizona 79 
California 833 
Colorado 75 
Idaho 612 
Kansas 191 
Montana 14 
North Dakota 60 
Nebraska 124 
Nevada 89 
New Mexico 156 
Oklahoma 15 
Oregon 27 
South Dakota 75 
Texas 173 
Utah 169 
Washington 76 
Wyoming 11 
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   Figure 16.  Wells with at least one groundwater quality sample collected by 


       the USGS in 17 Western States during the 2007 Water Year. 
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USGS Groundwater Data Availability:  The USGS has a distributed water database that is 
locally managed.  Surface-water, groundwater, and water-quality data are consolidated from 
these local, distributed databases into the NWIS Web Interface (NWISWeb).  The groundwater 
portion of NWISWeb contains records from about 850,000 wells throughout the Nation that have 
been compiled during the course of hydrologic studies during the past 100 years.  NWISWeb 
provides all USGS groundwater data that are approved for public release.  The large number of 
sites captured in NWISWeb is excellent for some uses, but complicates retrievals when the user 
is interested in specific networks or wells in an active water-level measurement program. 
 
Enhanced information on groundwater level data in NWISWeb is available from an additional 
Web-based system (Figure 17) designed to provide at-a-glance reporting on the location of wells 
and on the status of the most recent measurements within a statistical framework.  A variety of 
national networks have been designed based on data in the NWISWeb system.  For instance, the 
USGS Climate Response Network presents only wells with water levels that are not directly 
affected by surface water or pumping.  The Active Ground-Water Level Network contains water 
levels and well information from more than 20,000 wells that have been measured by the USGS 
or USGS cooperators at least once within the past 365 days.  This network includes all of these 
wells, regardless of measurement frequency, the aquifer(s) monitored, or the monitoring 
objective (Figure 18). 
  
 


 
Figure 17.  USGS groundwater level networks available  


       on the Internet (http://http://groundwaterwatch.usgs.gov). 
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Figure 18.  Example of graphics and groundwater level statistics  
available from the “Active Ground-Water Level Network.” 
 


USGS groundwater quality data also are available in NWISWeb.  A map-based interface for 
groundwater quality data is under development. 
 
National Park Service: The National Park Service (NPS) collects groundwater level and 
groundwater quality data to meet a number of objectives, including long-term monitoring and 
water rights issues.  The primary repository for NPS groundwater level data is the park unit 
where the data were collected, though some groundwater level data are processed through and 
stored in the NPS Water Resources Division (WRD) Office in Fort Collins, Colorado. 
 
Groundwater quality data collected as part of the Vital Signs monitoring program generally are 
stored in a database called NPSTORET maintained by the NPS Fort Collins WRD office.  
Groundwater quality data collected for other purposes are stored in the individual park units 
(Glenn Patterson, USGS, written communication, 2007). 
 
U.S. Forest Service:  With a few exceptions, U. S. Forest Service groundwater monitoring 
activities typically address site-specific or project-specific issues, such as acid mine lands, 
remediation of hazardous waste sites, snow making, or particular(specific) U.S. Forest Service 
research projects.  No systematic method is used to track the resulting information.  Some 
groundwater information is collected at Long Term Ecological Research sites located on U.S. 
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Forest Service lands, but these data are obtained for research purposes and are not readily 
available (Christopher P. Carlson, U.S. Forest Service, written communication, 2007). 


State Monitoring Programs 
As previously described, an inventory of state water-level and water-quality monitoring 
programs was completed November 1, 2007, and the results are being compiled by the ACWI 
SOGW.  Data from this inventory are not yet available, so as an interim measure, an Internet-
based survey of groundwater monitoring programs was conducted. The results of this survey, 
organized by state, are shown in Table 5. 
 
Table 5.  Index of groundwater level available on the Internet, by state 
http://acwi.gov/sogw/nmi-wkg/State_Ground-Water_Level_Data.htm 


State Agency / dataset  


Arizona Arizona Department of Water Resources, Imaged Records Database  
 Arizona Department of Environmental Quality, Water Quality Database  
 Arizona Department of Water Resources, eBookstore, Groundwater Wells for Arizona  
California California Department of Water Resources, Water Data Library  
 Los Angeles County Department of Public Works Ground Water Wells Web Site 
Colorado Colorado Division of Water Resources, Hydrobase database 
Idaho Idaho Department of Water Resources, Online Groundwater Level Database 
Kansas Kansas Geological Survey, WIZARD Water Level Database  
 Kansas Geological Survey, Water Well Completion Database 
Montana  Montana Bureau of Mines and Geology, Ground Water Information Center  
Nebraska  Nebraska Department of Natural Resources, Registered Groundwater Wells Data Retrieval 
 Nebraska Department of Natural Resources - Water Quality Data  
Nevada  Harry Reid Center for Environmental Studies (Yucca Mountain) 
 State of Nevada, Department of Conservation and Natural Resources , Division of Water Resources, Well Logs and Well Driller Information 
 Southern Nevada Water Authority, Las Vegas Valley Groundwater Management Program Hydrologic Telemetry System (HTS) 
New Mexico  New Mexico Environment Department, Ground Water Quality Bureau 
 New Mexico Office of the State Engineer, WATERS 
North 
Dakota  North Dakota State Water Commission Site Inventory Retrieval System 
 North Dakota Department of Health, Division of Water Quality, Ambient Ground Water Monitoring Network  
Oklahoma  Oklahoma Water Resources Board Water Well Level Mass Measurement Program 
Oregon Oregon Water Resources Department, Water Level Data and Hydrographs  
South 
Dakota  South Dakota Department of Environment & Natural Resources Water Quality Database 
 South Dakota Department of Environment & Natural Resources, Test holes and Wells Database  
Texas  Texas Water Development Board, Groundwater Database  
 Texas Water Development Board, Submitted Driller's Report Database  
Utah  Utah Department of Environmental Quality, Division of Drinking Water  
 Utah Department of Natural Resources, Division of Water Resources  
 Utah Division of Water Rights, Well Logs  
Washington  Washington State Department of Ecology Groundwater Level Monitoring Programs  
 Washington State Department of Ecology Environmental Information Management System  
 Washington State Department of Ecology, Well Log Viewer  
Wyoming Wyoming State Engineers Office Water Rights Database  
 Wyoming Water Development Commission, Wyoming State Water Plan, Statewide Water Resources Data System (WRDS) 


 
Most of the 17 Western States have some type of system to present groundwater data on the 
Internet.  Several good web sites are described below. 
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Montana 
The Montana Ground-Water Information Center provides substantial content on its ground-water 
information pages.  Resources include a report on the 900-well groundwater network (Figure 
19), and a text-based data system that provides well hydrographs, precipitation, well location, 
aquifer identification, and other metadata. The Internet site is available at 
http://mbmggwic.mtech.edu/. 
 


 
  Figure 19.  Map of the 900-plus wells within the Montana groundwater network  


   (http://mbmggwic.mtech.edu/sqlserver/v11/reports/pdf/drought2006july.pdf). 
 
Texas 
The Texas Water Development Board provides groundwater level data, groundwater quality 
data, well metadata, maps, and reports on water quality and water levels in the 30 principal 
aquifers in Texas.   
 


       
   Figure 20.  Maps of the groundwater level network and groundwater quality  


      network of the Texas Water Development Board.              
       http://www.twdb.state.tx.us/GwRD/HEMON/GMSA.asp 
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Kansas 
The Kansas Geological Survey WIZARD water well levels database (Figure 21) is a text-based 
system that provides general well information, locations, aquifers, and hydrographs from wells 
throughout the state.  Wells can be selected in a variety of ways, including Township/Range, 
County, and unique identification numbers.  The system also includes statistics and regional 
water-level trends. 
 


 
Figure 21.  Query page from the Kansas Geological Survey WIZARD water well 


  levels database (http://www.kgs.ku.edu/Magellan/WaterLevels/index.html). 
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North Dakota 
The North Dakota State Water Commission Ground and Surface Water Data Query (Figure 22) 
is a text-based system that provides general well information (including location, aquifer, and 
other metadata), hydrographs, water levels, and water-chemistry data from wells throughout the 
state.  Data are retrievable by location, date, aquifer, and use of the well. 
 


 
Figure 22.  Query page from the North Dakota State Water Commission Ground and Surface 
Water Data Query. 
http://www.swc.state.nd.us/4dlink2/4dcgi/wellsearchform/Map%20and%20Data%20Resources 


Drought Monitoring 
Specific subsets of groundwater monitoring networks are designed to track the onset and trends 
of drought conditions.  An often forgotten aspect of hydrologic drought monitoring is the effect 
of drought on the groundwater system.  Groundwater is a key component of the hydrologic 
system because it serves as the primary source of base flow to streams.  Groundwater systems 
typically are recharged during the winter and spring months, when evapotranspiration is lowest.  
Little groundwater recharge occurs during the height of the growing season.  Low early-season 
groundwater levels likely mean lower base flow to streams during the late spring, summer, and 
autumn and, therefore, groundwater level monitoring can serve as an early or leading indicator of 
emerging hydrologic drought. 
 
The “Ground-Water Climate Response Network” (Figure 23) was established by the USGS in 
cooperation with other Federal, State, and local agencies to support climate and drought 
monitoring activities (Cunningham and others, 2007).  The network includes 140 USGS 
federally funded wells evenly distributed across the Nation, and 410 additional wells funded 
through the Federal-State Cooperative Water Program that are selected specifically to provide an 
accurate assessment of groundwater levels in relation to climate and drought.  The network 
contains 63 wells in the 17 Western States.  For any well in the network, recent water-level 
trends can be quickly compared with long-term trends by season.  About 24 wells are equipped 
with real-time instrumentation.  For the remaining wells, groundwater data are measured and 
reported as infrequently as once every quarter. 
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Figure 23.  USGS Ground-Water Climate-Response Network  


     http://groundwaterwatch.usgs.gov 


Some states regularly monitor groundwater levels as a part of their drought monitoring efforts, 
including, for example Oklahoma (Figure 24), Montana, and Texas.  Typically, these 
measurements are evaluated less frequently than those in the USGS Climate Response Network. 
 


 
  Figure 24.  Map of 21 Oklahoma wells monitored by the Oklahoma  


       Water Resources Board through its drought monitoring efforts.      
       http://www.owrb.ok.gov/supply/drought/wl_graph/wl.php 
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Summary  
The previous discussion provides a preliminary overview of groundwater monitoring networks in 
the Western United States.  From the information presented here, it is apparent that groundwater 
level information is widely available for selected areas of the Western United States, and much 
of that information is readily available on the Internet for use by a broad audience.  Although 
selected States operate widely distributed groundwater level monitoring networks, much of the 
available groundwater data from the USGS is concentrated in the most highly productive 
aquifers where groundwater is actively managed and groundwater level monitoring is funded 
through the USGS Cooperative Water Program.  This network is needed for managing many 
important aquifer systems, but it does not necessarily provide an assessment of groundwater 
availability and groundwater level trends in a broad regional context.  
 
The survey of state water management agencies conducted as a part of this study indicates that 
the density and distribution of the current groundwater level monitoring network are not 
sufficient to meet current and emerging needs. The ACWI Subcommittee on Ground Water 
(SOGW) has a more detailed groundwater monitoring inventory underway, and that inventory 
should provide a more detailed assessment of state groundwater monitoring networks than is 
included here.  The SOGW assessment should also be able to provide the foundation for a more 
rigorous data-gap analysis. 
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Precipitation Networks and Precipitation Estimation Methods 
Available in the Western States 


This section describes the precipitation data networks and precipitation estimation methods 
available in the Western United States, with the exception of SNOTEL, which is covered in a 
separate section of this report.   
 
Precipitation data are available from many different sources, ranging from manual readings, to 
automated gages, to remote sensing methods, to complex muti-sensor analysis.  The networks 
belong to government (national?), state, and local agencies.  Precipitation data are available in 
real time, or daily, or monthly, depending on the network and type of data.   
 
This section of the report summarizes only the most extensive and more reliable precipitation 
networks in the Western United States.  


Importance of Precipitation Data in Hydrology 
The National Weather Service (NWS) River Forecast Centers (RFCs) (part of the National 
Oceanic and Atmospheric Administration (NOAA)) provide hourly to seasonal forecasts for 
rivers across the United States at thousands of locations.  Forecasts range from deterministic 
forecasts of river levels and flow for the next 4 or 5 days (http://www.weather.gov/ahps/), to 
seasonal probabilistic volumetric forecasts (http://www.nwrfc.noaa.gov/westernwater/).  The 
deterministic shorter term forecasts are important for protecting lives and property from 
flooding, and for the recreational industry, which depends on water levels (rafting, kayaking, 
fishing, etc.).  The seasonal forecasts are produced in cooperation with the NRCS, and are used 
by water managers, reservoir operators, water districts, government agencies, power companies, 
and many other entities across the Western United States.  All these users base valuable 
decisions on these water supply forecasts, hence making them extremely valuable to the 
economy, and to the wellbeing of the people living in the West, where reliance on water has 
always been, and increasingly is, important in a water-scarce environment.     
 
To carry out their mission of providing river forecasts for the nation, the NWS RFCs use a 
continuous conceptual hydrologic model, which maintains a current estimate of soil moisture, 
snowpack, river levels, and flow.  The quality of the output from the hydrologic model depends 
greatly on the quality of the inputs, which include, for the most part, precipitation, temperatures, 
and freezing levels. The quality of these inputs will dictate the quality of the river forecasts, thus 
the importance of timely, quality precipitation data. 
 
In addition, precipitation estimates are a large factor in the analysis of drought declarations, 
drought mitigation activities, and influence the declaration of disasters related to droughts. 
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Precipitation Gage Networks  
Precipitation gage networks belong to many entities: cities, counties, federal and state 
governments,  among others.  Here are some of the more significant networks. 


RAWS: Land management agencies (Bureau of Land Management, Forest Service, Bureau of 
Indian Affairs) own and maintain the Remote Automated Weather Stations (RAWS) data 
network, which is one of the most extensive precipitation networks in the West.  These stations 
transmit weather data such as precipitation via Geostationary Operational Environmental 
Satellite (GOES), operated by NOAA. Precipitation reports for individual gages, and regional 
maps of data, are available at http://raws.wrh.noaa.gov/rawsobs.html. 


ASOS: The Automated Surface Observing System (ASOS) is a network usually owned in 
cooperation between the NWS and the Federal Aviation Administration (FAA).  More 
information about this network can be found at http://www.nws.noaa.gov/asos.  Observations 
can be found at http://faa.gov/airports_airtraffic/weather/asos. 


 


 
Figure 25.   


 
COOP: One of the longest-lived, most accurate source of precipitation data is the NWS 
Cooperative Observer Program (COOP).  COOP is a network of more than 11,000 volunteers 
nationwide, who take observations where they live: on farms, in cities, in the mountains, on 
seashores, and in national parks.  This network was created in 1890, and has high standards.  The 
instruments, the location of the measuring site, and the training of the observers are all geared 
toward obtaining the highest quality data possible.  Data are used for climate studies and are the 
foundation of the Historical Climate Network.  There are currently plans to modernize part of the 
COOP network, including adding new sensors and real-time reporting capabilities. Currently, 
information is transmitted by phone, or over the Internet.  For more information about the COOP 
network, go to http://www.nws.noaa.gov/om/coop/. 


 
ALERT: ALERT (Automated Local Evaluation in Real Time) networks are most commonly 
owned by cities and counties across the West, mostly in California, Arizona, and Nevada.  Their 
main purpose is to provide real time precipitation information, for the mitigation of and 
preparation for flash floods. ALERT gages transmit using radio frequencies, and thus need a line 
of sight to transmission towers.  ALERT networks may also contain repeaters that are needed in 
mountainous terrain.   
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CoCoRaHS: Another network similar to the NWS COOP network is CoCoRaHS (Community 
Collaborative Rain, Hail and Snow Network). This network is a community-based network of 
volunteers using low-cost equipment to observe precipitation and other weather elements.  This 
network is relatively new, and does not have the historical record of other sites, but it provides 
quality information, available on the web. More information and data are available at 
http://www.cocorahs.org.  


 
MADIS: Meteorological Assimilation Data Ingest System (MADIS) is a mechanism for 
collecting various meso-networks and pulling them into an easy-to-use dataset. More information 
is located at: http://madis.noaa.gov/ 


Types of Transmission 
Many different agencies provide precipitation information though GOES satellite transmission. 
The precipitation gage is usually part of a group of instruments, connected to the Data Collection 
Platform (DCP), which routinely transmits the data information at set intervals (1, 3, 4, 6, or 24 
hour periods).  Some gages are also set to transmit randomly when a particular threshold has 
been reached. 


 
Radio transmission is used for ALERT networks as described above.  This type of transmission 
requires line of sight between the gage and the transmitting tower.  This works well in the desert 
Southwest, and in cities. 
 
LARCs (Limited Automated Remote Collectors) are yet another type of gage, not as widely 
used as the ones described above.  These gages transmit over phone lines.  LARC gages belong 
to the NWS or other agencies.   


RADAR Estimated Precipitation 
The NWS WSR88D Doppler radar estimates precipitation for 1- and 3-hour time periods, and 
storm totals.  It is used to augment ground truth rain gauges.  These estimates are crucial in 
providing information on precipitation amounts in remote areas where no gages are available. 
There are limitations to the quality of the estimates, especially in the West.  Mountains obstruct 
the radar bean (beam?), and some of the western radars have been placed too high to detect all 
the precipitation.  In addition, there aren’t enough radars in the West to provide full coverage. 
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Figure 26.  National mosaic of radar estimated precipitation 


Precipitation estimates can be obtained for individual radars at http://radar.weather.gov. 
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Figure 17.  Radar estimate of precipitation from the Eureka, CA radar 


An exciting upcoming improvement to radar-derived precipitation estimates is the advent of dual 
pole radars.  These new radars are starting to be deployed, and will greatly improve the quality of 
precipitation estimates.   


Satellite Estimates 
Satellite imagery provides another type of remote sensing precipitation estimate. These estimates 
are not as accurate as radar estimates, but can be very useful in areas deprived of gage and radar 
information. Satellite-derived precipitation products can be viewed at 
http://www.orbit.nesdis.noaa.gov/smcd/emb/ff/auto.html. 


Multi-sensor Precipitation Estimates 


The NWS has created software that ingests gage data, NEXRAD rainfall estimates, and satellite 
estimates and produces a ‘best’ gridded precipitation product.  This software can also ingest the 
PRISM data fields that are used to shape and estimate precipitation in mountainous terrain where 
observed data are sparse and amounts are highly variable.  Multi-sensor techniques continue to 
be worked on. 
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NOAA NWS as a repository for precipitation information 


NOAA’s National Weather Service is a great data warehouse for many different sources of data, 
including precipitation data.  Precipitation data are collected, stored, quality controlled and 
archived through the NWS.  This includes all the different types of precipitation data described 
above: automated gage networks, manual readings from private citizens, and remote sensing 
estimates from radars and satellite. All this information is brought in at the NWS 13 River 
Forecast Centers to produce the best possible precipitation estimate, using a multi-sensor 
approach. All gage and radar data are carefully quality controlled, and satellite estimates are 
added in data void areas to produce the most accurate estimate of aerial precipitation nationwide 
on a daily basis. These data can be viewed at http://water.weather.gov/. 


 
Figure 28.  National multi-sensor precipitation map 


NOAA is a repository for historical precipitation data as well, through the National Climatic 
Data Center (NCDC), where information can be downloaded for any period of record: 
http://www.ncdc.noaa.gov/oa/ncdc.html 


 
NOAA also has selected historical reconstructions of precipitation, temperature, and streamflow 
for Paleoclimate eras.  For these data see: http://www.ncdc.noaa.gov/paleo/paleo.html 
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Figure 29.  Example of precipitation maps used in paleo reconstruction 


Precipitation Frequency Analysis/Probable Maximum Precipitation 
The Hydrometeorological Design Studies Center is located at the National Weather Service 
Headquarters in Silver Spring, Maryland and is a part of the Office of Hydrologic Development's 
Hydrology Laboratory. The Hydrometeorological Design Studies Center prepares national 
standards for Precipitation Frequency (PF) and Probable Maximum Precipitation (PMP). Both 
are used for a multitude of planning and design purposes, from reservoirs to local storm water 
drainage. The information provided allows civil engineers and public officials to account for 
different levels of rainfall in their designs and plans.  


The  Hydrometeorological Design Studies Center does the following:  


• Collects, stores, and assesses quality control for rainfall and other meteorological data  
• Analyzes extreme rainfall events  
• Applies complex statistical methods for extreme rainfall events  
• Conducts site-specific analyses upon request.  
• Serves as a review group within the United States and internationally  
• Responds to questions regarding past and future studies.  
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 Figure 30.  Sample Output of the Precipitation Frequency Analysis  


             and Probably (Probability?) Maximum Precipitation 


Data Gaps 
In order to improve the quality of the precipitation data available in the West, a few 
recommendations can be made: 


 
• Improve the NWS COOP network, by supporting the modernization of the network. This 


modernization will improve the timeliness of the data provided by the COOP observers, 
by replacing the equipment and transmission technology with more modern devices. 


• Increase the number of rain gages wherever possible, by adding rain gages to other data 
collection platforms, such as USGS streamgage networks. 


• Support research aimed at improving radar precipitation estimates and multi-sensor 
techniques. 


• Install additional radars to increase coverage in the West. 
• Set rigorous standards and metrics for vendors to follow so that gage measuring accuracy 


can more easily be compared. 
• Federal agencies should coordinate to ensure that extreme storm data are collected, 


analyzed, and archived and procedures are in place to update storm data sets, 
methodology, and reports to develop Probable Maximum Precipitation (PMP) estimates. 







 
 


Snowpack, Precipitation, and Mountain Climate Networks 


The Beginning of a Cooperative Snow Survey Program in the Western United 
States 
In the winter of 1895, Dr. James E. Church of the University of Nevada braved the snows and 
climbed to the 10,800-foot summit of Mr. Rose overlooking Reno on one side and Lake Tahoe 
on the other (Stafford, 1959).  In order to establish an observatory on Mt. Rose, Dr. Church, in 
1906, offered to climb the mountain every month for a year to obtain temperature readings.  With 
a donation of thermometers furnished by the U.S. Weather Bureau, the observatory was 
established and was made a department of the University of Nevada and the Agricultural 
Experiment Station. 
 
During the succeeding 10 years, automatic recording instruments were developed and installed at 
the observatory to obtain records of pressure, temperature, humidity, wind movement, 
precipitation and sunshine.  The Mt. Rose snow sampler and weighing scale were developed in 
the winter of 1908-1909 to determine the water equivalent of the snow deposited on the ground.  
The first water supply forecast, the Lake Tahoe rise, was issued in the spring of 1910 (Church, 
1921).  With the initial success of the Lake Tahoe basin snow surveys and runoff forecasting, the 
California State Legislature authorized the Department of Engineering to engage in a data 
collection and forecasting program in 1917 (Stafford, 1959).  The Nevada Cooperative Snow 
Surveys were established in 1919, focusing on the Truckee, Carson, and Walker River basins. 
 
The value of a federally led activity to provide water supply information was recognized in mid-
1934 by Walter Wesley McLaughlin, Chief of the Division of Irrigation. He presented to his 
supervisor, Chief of USDA Bureau of Agricultural Engineering, a project proposal entitled 
“Snow Survey and Stream Flow Forecasting.”  After several years of coordination and 
campaigning, and with the onset of the severe droughts of the early 1930s, the Federal-State 
Cooperative Snow Surveys were established in 1935 by an Act of Congress with an initial 
appropriation of $15,000. 
 
The summer of 1935 began a busy era of establishment of new snow-measuring sites called 
“snow courses.”  Locations that were inaccessible by winter travel were equipped with “aerial” 
snow makers that could be observed from aircraft.  Databases of snowpack information were 
established.  A regional organization was established and water supply forecasting followed.  
This project was transferred from the Bureau of Agricultural Engineering to a newly formed 
USDA agency, the Soil Conservation Service. Increasing customer needs, organizational 
changes, and scientific evolution define the mature, highly cooperative, and highly valued 
program of today that is administered by the USDA Natural Resources Conservation Service. 


Overview of Snowpack and Precipitation Role in Western Hydrology 
The Snow Survey and Water Supply Forecasting (SS/WSF) Program has been a critical 
component in the economic development of the Western United States for over 70 years.  
Approximately 80 percent of the West's water comes from the seasonally variable snowpack that 
melts in the spring and summer.  Competition and demand for this valuable resource--the 
lifeblood of this semi-arid and arid region--are growing at a dramatic pace along with Western 
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populations.  Water supply information generated by the SS/WSF Program provides early season 
forecasts that facilitate planning among a wide variety of water uses; urban, agricultural, 
industrial, hydropower, navigation, recreational, species preservation, and international treaty 
compliance.  Additionally, recent climate variations, in the form of droughts and floods, have 
had a significant impact on the Western economy and rapidly developing population centers. 


Uses for Snowpack and Precipitation Data 
The number of beneficiaries and users of Snow Survey and Water Supply Forecast data number 
in the tens of thousands.  The National Water and Climate Center webpage logged over 22.2 
million accesses to data and forecasts collected throughout the West.  Based on preliminary 
research by Nelson (2007), beneficiaries and users may be divided into six main categories: 
 


1. Private industry, which includes agriculture, the recreation industry, transportation, and 
banking and finance, among other industry sectors 


2. Government, which includes federal, state, and local agencies and entities 
3. Public utilities 
4. Educational and research institutions 
5. Private citizens, and 
6. Multiple-category entities such as water users’ associations and entire communities, 


which cross public-private boundaries. 
 
Private industry is defined as the sector of the productive side of the economy that is privately 
owned.  Entities within private industry operate to maximize profits and, at times, to maximize 
the value of assets owned by the company as well as the market value of the company itself in 
terms of stock prices.  Some private businesses try to maximize short-term profits, while others 
focus on the objectives of maintaining long-term profitability and perpetuating their own 
existence as a corporation. 
 
Government is defined as federal, state, and local government agencies and other entities that 
use snow survey and water supply forecast data to produce secondary products for public and 
private beneficiaries. These data are widely used among federal agencies in a wide variety of 
decision-making processes. 
 
Public utilities in energy- and water-related industries have become increasingly more 
dependent on water supply data as a central component of their operations’ decision-making 
processes. Especially those involved with the hydroelectric power generation industry rely on 
snowpack data and water supply forecasts.  The dependence of municipal and industrial (M&I) 
water supply companies on snowpack and water supply forecasts is obvious. 
 
Educational institutions are a key participant in the evolution of the science of snowpack 
analysis and water supply forecasting.  These include academicians and professionals at 
institutions including universities across the United States, federal agencies such as the USGS, 
and research institutions such as the National Center for Atmospheric Research and the Desert 
Research Institute.  These institutions use snow survey and water supply forecast data on an 
ongoing basis in support of research programs in diverse topics such as weather forecasting, 
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geography, civil defense and emergency management, urban planning, civil and environmental 
engineering, and many others. 
Private users of snow survey and water supply forecast data include recreation associations, 
hunters, fishermen, boaters, skiers, snowmobilers, campers, tourists, and others whose 
recreational activities or travel plans might be affected by snow depths or streamflows in one 
way or another. 


Snowpack and Precipitation Measurement and Collection 
Snow Courses 
A snow course is an established line or transect of measurements of snow water equivalent and 
snow depth across a snowfield where appreciable snow accumulates to monitor seasonal 
snowpack.  Snow course selection is based on elevation, aspect, vegetation, and other hydrologic 
parameters, so that the water-producing areas of the basin are represented.  Snow courses are 
generally measured monthly during the snow accumulation months, January through May. 
 
A snow course typically consists of 5 to 10 individual sample points, but can consist of any 
number needed to provide a representative measurement.  A snow course beginning and ending 
points are generally identified by standard snow course marker signs mounted on steel pipes or 
trees.  The spacing between each sample point may vary from a few feet to several hundred feet.  
The average depth, water content, and a calculated density of all sample points represent a single 
snow course reading. 
 
The snow survey work expanded throughout the West from the 1930s to a peak of approximately 
1,500 snow courses in the middle 1970s (Figure 31).  With the installation of SNOTEL (SNOw 
TELemetry) stations beginning in the 1970s, snow courses were replaced with automated data 
collection platforms, which provided not only snow water equivalent and snow depths, but also 
precipitation and temperature information on a daily basis instead of monthly.  As of November 
2007, approximately 900 snow courses are measured in the Western United States, including 
Alaska. 
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Figure 31.  Historical snow course and SNOTEL installations (Pagano, 2006) 


Snow Telemetry (SNOTEL) System 
In the middle 1970s, the USDA Soil Conservation Service began the initial planning to convert 
snow courses in key watersheds to an automated system to obtain near real-time climate and 
hydrologic data.  A new radio technology was developed by a small team of Boeing engineers 
that used meteor-burst technology in 1975 (Nault and Eastlund, 2006).  Western Union 
contracted to install and maintain the first meteor-burst SNOTEL stations.  Mudd Ridge was the 
first operational SNOTEL site installed on April 13, 1977 near Mt. Hood, Oregon.  Within a 
short time, it became evident that the job of keeping an operational, real-time database running 
was a bigger job than Western Union could handle. The Soil Conservation Service started to staff 
up with their own electronic and hydrologic technicians to install and maintain the SNOTEL 
network, with the first ones coming on board in 1979-80. 
 
The basic SNOTEL sites installed during the first decade consisted of a pressure sensing snow 
pillow, storage precipitation gauge, and air temperature sensor.  Additional sensors, such as snow 
depth, relative humidity, wind speed/direction, solar radiation, soil moisture, and soil temperate 
(temperature?) have been added to the basic data suite as appropriate (Figure 32).  The 
electronics can accommodate 64 channels of data and will accept analog and parallel or serial 
digital sensors. On-site microprocessors provide functions such as computing daily maximum, 
minimum, and average temperature information. Generally, sensor data are recorded every 15 
minutes and at a minimum, reported daily, however many stations are polled and report hourly.  
Requests for more frequent data transmissions are made using the two-way capabilities of the 
meteor-burst communications system. 
 
System performance has improved over the years, mainly due to a better understanding of 
meteor burst communication characteristics and improved equipment. While a 95-percent 
response to a system-wide poll is the standard, over 99 percent is common. 
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As of November 2007, the SNOTEL network consisted of approximately 747 stations as shown 
in Figure 33 for the CONUS and for Alaska in Figure 34.  


 
Figure 33.  SNOTEL (747 stations) and Snow 
Courses (~900 courses) networks, November 


2007 (Pagano, 2006) 
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         Figure 32.  Typical Enhanced  
         SNOTEL Station 


 
Figure 34.  Alaska SNOTEL stations (64) 
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Soil Climate Analysis Network (SCAN) 
The NRCS Soil Climate Analysis Network (SCAN) monitors soil moisture, soil temperature, and 
other above-ground climate parameters.  SCAN information helps advance the scientific 
understanding of the relationship between changing climate and the hydrologic aspects of the 
soil resource.  The system is also extremely valuable for monitoring and mitigating the effects of 
drought and flooding.  
 
The NRCS SCAN Soil Moisture and Soil Temperature Pilot Project started in 1992 as a 21- 
station network and grew to over 150 stations in 39 states, Puerto Rico, and Antarctica (Figure 
35). 


 


 
Figure 35.  NRCS Soil Climate Analysis Network (SCAN) stations (150), November 2007 


The standard data collected from a SCAN site include the following parameters: 
 
1. Soil moisture and soil temperatures at        


2’, 4”, 8”, 20” and 40” depths 


 
Figure 36 – Johnson farm SCAN site in SW Nebraska 


2. Precipitation 
3. Maximum and minimum temperatures 
4. Relative humidity 
5. Barometric pressure 
6. Wind speed and direction 
7. Solar radiation 
8. Salinity 
9. Real dielectric constant 
 
The typical SCAN site has a very low footprint and is fully powered by solar panels. 
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The Need for a Benchmark Network for Middle and High Elevation Data 
Collection 
Numerous publications during the past two decades have focused on the impacts of climate 
change on snowpacks worldwide (Mote, 2006 (2005? See References?); Knowles, 2006).  
Because of its relatively long record, the NRCS snow course network has become an important 
source for climate change studies; however, the monthly observation interval severely limits the 
temporal study of snowpack characteristics.  The SNOTEL network provides daily data, which 
can be used to analyze peak snow water equivalent amounts, peak dates, and melt-out dates. 
 
The unique nature of the snow course and SNOTEL data have led to their de-facto use to track 
the impact of climate change on a variety of natural resources, however the original intent of the 
snow networks focused on water resource management, not climate change detection or impact 
assessment. 
 
During the nearly 100 years that snow data have been observed, data collection methods have 
changed to meet budget and programmatic goals.  As an example, the number of sampling points 
in a snow course may have been reduced due to changes in sampling techniques. 
 
Other naturally occurring changes to the environment can affect snowpack measurement.  These 
changes have been documented in Utah by Julander (2006) and include: 


 
1. Vegetation changes (increasing tree canopy, logging, fire, beetle kills) 
2. Physical changes to the site (site moves, snowmobiles, beaver dams) 
3. Instrumentation and measurement technique changes (changing snow pillow types, sensor 


moves, changes in snow course samples) 
4. Weather modification - cloud seeding 
5. Air pollution (effects of dust on snowpack albedo and subsequent snowmelt) 
6. Miscellaneous effects (snow creep; transducer errors) 


 
These factors become the basis for selecting sites that are as free as possible from confounding 
external influences that might introduce inhomogeneities into the data and perhaps cause a 
systematic trend not caused by climate. 
 
The NRCS has developed a preliminary strategy for identifying benchmark sites and focuses on 
the following actions: 
 
1. Identify those snow courses that are relatively free from the external influences and identify 


those snow courses that you consider to have been stable over the years and would represent 
a homogeneous data set. 


2. Identify other snow courses that are considered high quality and stable over time but with 
records starting before 1950.  Consider such snow courses for this trend analysis even if they 
begin in the 1940s rather than the 1930s or earlier. 


3. Review relevant metadata, including snow notes, for these identified snow courses. 
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4. For the SNOTEL sites co-located with these snow courses, review the complete history of 
sensor changes and moves in order to determine all the factors that might affect the data 
values. 


 
The number and location of benchmark sites is an important consideration.  The potential costs 
for identifying and maintaining benchmark stations must be balanced with the likelihood that the 
selected sites will provide unbiased indicators of climate change. 


Emerging Technologies 
Snow pillows filled with an antifreeze solution consisting of a 50/50 mix of methanol and water 
are used to sense snow water equivalent in the SNOTEL network.  Vandalism and damage to the 
butyl rubber pillows caused by wild animals have a detrimental effect on the data and have the 
potential for environmental damage caused by leaking antifreeze solution in a very small area.  
 
The NRCS and CRREL developed an electronic SWE sensor to replace the snow pillow 
(Johnson, 2006).  During the winter of 2005–2006, the NRCS/CRREL electronic sensor was 
deployed at Hogg Pass, Oregon, with a total SWE accumulation of about 1000 mm. The 
NRCS/CRREL sensor consists of a center panel surrounded by eight outer panels whose purpose 
is to buffer snow bridging loads.  Physical examination of the Hogg Pass site indicated that the 
CRREL sensor results were consistent with snow-on-the-ground observations.  Continued 
research is dependent on funds availability. 


National Snowpack, Precipitation, and Related Information 
The Internet has made snowpack, precipitation, and related mountain climate information 
available to the public, governmental agencies at all levels, and the research community.  This 
section highlights the sources for this information. 
 
National Operational Hydrologic Remote Sensing Center (NWS) 
The National Operational Hydrologic Remote Sensing Center (NOHRSC) provides remotely 
sensed and modeled hydrology products for the coterminous United States and Alaska for the 
protection of life and property and the enhancement of the national economy. 
http://www.nohrsc.noaa.gov/ 
 
NOHRSC airborne, satellite, and modeled snow data and products are used by NWS, other 
government agencies, the private sector, and the public to support operational and research 
hydrology programs across the nation. The NOHRSC produces snow products and information 
that include estimates of: snow water equivalent, snow depth, snow pack temperatures, snow 
sublimation, snow evaporation, estimates of blowing snow, modeled and observed snow 
information, airborne snow data, satellite snow cover, historic snow data, and time-series for 
selected modeled snow products. 
 
NRCS National Water and Climate Center (NWCC) SCAN Data 
SCAN consists of 150 stations in 39 states.  Near real-time data are available in a variety of 
formats.  http://www.wcc.nrcs.usda.gov/scan/ 
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Regional Snowpack, Precipitation, and Related Information 
NRCS Snow Course Data 
Monthly snow course data for up to 1,500 sites are available from the NWCC homepage. 
http://www.wcc.nrcs.usda.gov/snowcourse/ 
 
NRCS SNOTEL Data 
SNOTEL data for over 740 sites are available from the NWCC homepage. 
http://www.wcc.nrcs.usda.gov/snow/ 
 
Western Regional Climate Center (WRCC) 
The WRCC provides access to a wide variety of data from several local, state, regional, and 
federal networks.  The WRCC also creates a suite of custom regional products from the data they 
acquire.  http://www.wrcc.dri.edu/snotel.html 
 
Regional Climate Centers (RCCs) 
The six Regional Climate Centers acquire data from the National Weather Service (NWS), 
regional climate networks, and state climate networks.  A wide variety of products, including 
snow data collected by the NWS Cooperative Observer Network, are available through the 
Applied Climate Information System (ACIS) located on their webpages.  
http://www.wrcc.dri.edu/rcc.html 


State Snowpack, Precipitation, and Related Information 
California Cooperative Snow Survey 
In 1929, the California State Legislature established a statewide program that predates the USDA 
SCS program and continues to this day. The Division of Water Resources (now the Department 
of Water Resources) coordinates the “California Cooperative Snow Surveys Program” as 
directed in Section 228 of the Water Code.  More than 50 state, national, and private agencies 
pool their efforts in collecting snow data.  Over 300 snow courses are sampled each winter with 
some of the original courses, established more than 60 years ago by Dr. Church, still in use.  
Over 50 automated sites are available from the California Data Exchange Center (CDEC) 
http://cdec.water.ca.gov/ 
 
Other State Activities 
With the exception of California, Western State snow survey programs are linked directly by 
agreements to the NRCS Snow Survey and Water Supply Forecasting Program. 
 
The NWS Cooperative Observer Program (COOP) does measure snow depth and snow water 
equivalent at many of the 8,000 locations nationwide, however the methods used do not employ 
travel to a specific location or the use of snow tubes to measure the weight of the snow.  Instead, 
the observer location is fixed and during the winter, the measuring tube is removed from the 
precipitation gage.  Snow may then collect in the bottom of the gage.  If strong winds are evident 
during the snow accumulation event?, then the precipitation gage can be? inverted and used to 
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cut a column (core) of snow from a representative area.  The snow is then melted and the water 
equivalent amount may be determined. 
 
The states of New York and Maine support a cooperative snow survey program in partnership 
with a number of state and private entities. 


Remote Sensing Imagery Sources  
National Operational Hydrologic Remote Sensing Center (NWS) 
Snow cover extent in the United States and the rest of the Northern Hemisphere is observed from 
satellites. Current and recent snow-cover graphics are available here, and are available on the 
Interactive Maps page. Fractional snow cover for the United States (percentage of snow cover at 
a location, as opposed to snow/snow-free) is also available on the Interactive Maps page.  
http://www.nohrsc.noaa.gov/nh_snowcover/ 
 
NASA Hydrospheric and Biospheric Sciences Laboratory 
The Hydrospheric and Biospheric Sciences Laboratory has a strong snow research activity that 
addresses the extent, water equivalent, depth, and albedo of the world's snow cover. This 
laboratory intends to maintain its long-standing lead in developing algorithms that provide 
estimates of Snow Water Equivalent (SWE) from passive microwave observations and from 
MODIS data. SWE determination is a challenging area of critical importance in hydrospheric 
research with the goal of providing an all-weather global SWE observational capability. Recent 
advances used a combination of field in situ measurements (the Cold Land Processes Experiment 
- CLPX), field microwave observations, and satellite data to quantify errors in global SWE 
determination, and to formulate reduced-bias algorithms that can reliably estimate SWE. In 
addition, detailed passive microwave and MODIS comparisons are leading to a combined visible 
and near-infrared global snow-mapping SWE algorithm. 
http://neptune.gsfc.nasa.gov/aboutus/overview.php?page=Cryospheric 


New Products Derived from Snowpack, Precipitation, and Related 
Information 
GIS-Based Maps 
A wide variety of new products take advantage of the daily SNOTEL data and other data 
available from the Internet.  These include GIS maps that quickly summarize snowpack, 
precipitation, temperature, and other parameters at a variety of geographic scales.  Specific 
examples of SNOTEL-based maps can be found at the following location: 
http://www.wcc.nrcs.usda.gov/gis/index.html 
 
Snowpack and Precipitation Projection Tools 
The SNOTEL network also permits analysis of historical snowpack and precipitation in order to 
produce probability-based projections of expected values based on current conditions.  
Snowpack projections have been used to warn of expected snowpack extremes, both high and 
low, and predict expected melt-out dates that allow efficient summer maintenance scheduling.  
Example plots may be found at the following location: 
ftp://ftp.wcc.nrcs.usda.gov/data/water/wcs/snow_proj/ 
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Daily Water Supply Volume Guidance Forecasts 
The Daily Water Supply Forecast was developed to supplement official water supply forecasts 
generated at the beginning of each month during the water supply season.  The water resource 
community requested daily, calibrated water supply forecasts to aid in the assessment of 
increased climate variability between the monthly official water supply forecasts.  The NWCC 
developed these procedures that use hydroclimatic data collected by the SNOTEL and USGS 
data networks. 
 
Daily Water Supply Forecast updates are available from approximately 150 basins throughout 
the West and are accessible from the following location: 
http://www.wcc.nrcs.usda.gov/wsf/daily_forecasts.html 
 
Streamflow Simulation Modeling 
Hydrologic streamflow simulations are used to manage water resources at shorter durations than 
multi-month water supply volume forecasts.  Many hydrologic simulation models run on a daily 
time step and require ready access to daily precipitation, snowpack, temperature and other 
parameters to assess surface and subsurface water resources.   
 
Gap Analysis 
Gap analysis begins by asking the question, “What needs to be done?”Gaps inhibit the ability to 
produce a product needed now or products envisioned for the future.  Gaps fall into the following 
general categories: 1) spatial, 2) temporal, 3) procedural, 4) societal, and 5) economic.  The 
following questions can help formulate a strategy for identifying a gap strategy. 
 
Spatial Issues:  Can data be obtained where needed? Are the data elements observed adequate to 
meet the goals?  Are the data reliable at the stations that do report?  Can resources be managed 
with the available data?  Are data from other networks available?  Do the other networks produce 
data that support current activities? 
 
Temporal Issues:  Can data be obtained when needed?  Can a decision be made based on how 
often data are reported?  Are the data reliable at the stations that do report?  Can resources be 
managed efficiently with the available data? 
 
Procedural:  What will be done with the data once it is obtained?  Are tools available to interpret 
the data?  Do the results reflect on the ground reality?  Can others be convinced of the current 
situation with the available tools? 
 
Societal:  How do the data affect operations? What options are available to mitigate climate 
impacts on current operations?  Can data collection technology be installed to minimize climate 
impacts?  What other options are available? 
 
Economic:  What is the cost of an observation, short-term and long-term?  Are there any safety 
issues associated with gathering the data?  What is the cost of ensuring that an observation is 
available?  
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Data Needs and Strategies for Improved Water Resources Management 
A significant number of network modernization plans have been proposed during the past 
decade.  The Western States Water Council through the Western Governors’ Association (2006) 
and National Drought Policy Commission (2000) have addressed the critical need to automate or 
enhance existing networks to meet water needs and to develop strategies for a sustainable future. 
 
The NWS has been working a national plan to automate the COOP Network since 2002: 
http://lwf.ncdc.noaa.gov/oa/climate/coop/modernization.html. 
 
The NRCS has created a long-term strategy to improve water resource management by 
automating approximately 900 manual snow courses and other non-automated stations required 
to produce Daily Water Supply Forecasts and support hydrologic simulation modeling.  The plan 
focuses on automating stations that support water supply forecasting with considerations for 1) 
safety, 2) access, 3) economics, 4) site status, and 5) flood risk potential.  The NRCS is working 
with Western State governments to implement this plan as funds become available. 
 
The NRCS is also working with other agencies, state governments, and local groups to expand 
SCAN to provide governments, water managers, agricultural producers, businesses, and 
researchers improved information about soil moisture conditions and potential droughts. 
 
The NRCS goal of automating and expanding data collection networks is focused on providing 
improved access to the snow and soil climate resources to track climate variability and provide 
more frequent and accurate water supply forecasts and assessments of soil moisture nationwide.  
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Evapotranspiration 


Introduction 
Evapotranspiration (ET) is the water consumed through the combined processes of plant 
transpiration and evaporation from soil and plant surfaces and is a primary component of the 
hydrologic system.  Accurate water consumption values are needed for planning and operating 
water resources projects, understanding impacts to surface and groundwater systems, and for 
legal purposes. This discussion addresses how ET data are used, ET quantification methods, 
current ET data sources, and ET data needs and issues.  Recommendations are provided 
regarding the future use of ET. 
  
Uses for ET Information   
The agricultural, horticultural, and landscape industries have many needs for ET information.  
Water demands based on ET estimates provide the basis for planning, design, and operation of 
irrigation systems.  Water managers and water users utilize ET data for irrigation operations.  
The availability of accurate and timely ET information significantly increases the potential for 
efficient irrigation and water management.  Water conservation through better irrigation 
management can be linked directly to the utilization of ET data.   
 
The use of ET information by non-commercial horticultural and landscape water users is gaining 
acceptance in urban areas.  ET and/or ET-based irrigation information is available through 
several sources (e.g., media outlets, the internet, and “smart” irrigation controllers) and 
associated water savings have been documented. 
 
ET data are used by hydrologists and engineers in river basin and aquifer systems analyses of 
storage, runoff, and groundwater.  These analyses are used for water resources planning purposes 
and problem resolution. 
 
ET quantities are used in association with numerous water-related legal activities.  Water rights 
permitting, adjudication, and transfer processes often include the use of ET information.  The 
negotiation of state water compacts and international treaties can include consideration of ET 
data.  Also, litigation associated with any of the above can include ET-related testimony or 
evidence.   
 
There are other existing uses for ET information, as well as uses yet to be discovered.  Beyond 
the specific uses for ET information, the overall need to better understand the world’s changing 
climate underscores the need for improved ET data.  
 
ET Quantification Methods 
ET is quantified by numerous methods, including soil moisture balance and lysimeter 
measurements, empirically and theoretically derived equations, energy balance and mass transfer 
methods, remote sensing methods, and sap flow and canopy temperature measurements. 
 
A lysimeter is a container or tank filled with soil in which plants are grown.  Changes in water 
content are measured by weighing or other means to calculate ET by mass balance.  Lysimeters 
are relatively expensive and they have mostly been used to develop empirical equations and crop 
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coefficients, and to validate other ET quantification methods.  ET estimates can also be 
calculated by performing a soil moisture balance for an irrigated field that has adequate flow 
measurement. 
 
Many ET calculation equations have been developed over the past 100 years.  Some are 
empirical and others were derived theoretically.  The equations are subdivided into the following 
categories:  1) temperature, 2) radiation, 3) combination, and 4) pan evaporation.  The equations 
calculate hourly, daily, weekly, or monthly estimates of potential ET from weather station or pan 
evaporation measurements.  Potential ET is the maximum ET rate possible under optimum 
growing conditions (healthy plants and adequate soil moisture).  Most equations calculate 
potential ET for a reference crop (grass or alfalfa reference ET) which is multiplied by a crop 
coefficient to calculate that crop’s potential ET estimate.  The most widely used source for crop 
coefficients is the Food and Agricultural Organization for the United Nations Irrigation and 
Drainage Paper 56 (FAO-56, Allen et. al., 1998).  A crop coefficient is a function of the crop or 
plant type and its growth stage.  FAO-56 includes coefficients for early-, mid-, and late-season 
growth stages for nearly 100 different crops and plants.  Other crop coefficient sources and 
calculation methods also exist.  
 
The combination type empirical equations, which combine energy balance and mass transfer 
principles, have proven most accurate (Jensen et. al., 1990).  In January 2005, the American 
Association of Civil Engineers (ASCE) adopted a version of the Penman-Monteith combination 
equation as the ASCE Standardized Reference ET Equation.  Parameters required for this 
equation include air temperature, humidity, solar radiation, and wind speed.  When all of these 
parameters are not available, either parameter values are estimated or another less accurate 
equation is used. 
 
Energy balance and mass transfer methods of quantifying ET involve the use of environmental 
data collection stations (flux towers) installed within a stand of the crop or plant of interest.  The 
station installation and data analysis require significant knowledge and expertise, and the stations 
must be monitored at a high frequency to ensure data quality.   
 
The Bowen ratio energy balance (BREB) method solves the surface energy balance equation 
based on measurements of the vertical gradient of moisture and temperature, ground heat flux, 
and net radiation.  Air temperature and humidity measurements are taken at two elevations to 
calculate the gradients, and soil temperatures are measured at two depths to calculate ground heat 
flux.  Net radiation energy is defined as the difference between incoming and outgoing radiant 
energy, which can be measured directly.  The latent energy flux value is calculated as the 
residual in the energy balance equation where net radiation + ground heat flux + sensible heat 
flux + latent heat flux (ET) must equal zero. 
 
The eddy correlation (EC) mass transfer method (also know as eddy covariance and eddy flux) 
requires measurements of the vertical flux of water vapor at a very high frequency using a three-
dimensional ultrasonic anemometer.   ET is calculated from anemometer, air temperature, 
atmospheric pressure, and humidity measurements based on eddy correlation theory.   
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Based on study comparisons to lysimeter-measured ET, the BREB and EC methods both yield 
accurate measurements of actual ET, except in very dry environments where the BREB method 
is less accurate (Fuchs and Tanner, 1970;Brutsaert, 1982).  These methods are widely used in 
research to evaluate and develop crop coefficients and verify ET by other methods. 
 
Remote sensing is a relatively new area of ET analysis that shows much promise for 
quantification of varying ET over large areas rather than single point ET quantification.  Remote 
sensing methods include those that utilize images acquired from satellites and aircraft, and those 
that utilize non-imaging ground-based light detection and ranging (LIDAR) and scintillometer 
data. 
 
Numerous methods exist for developing ET values from remotely sensed imagery.  These 
methods can be used to produce ET maps covering large areas with ET quantities shown at high 
resolutions.  ET maps from a single Landsat satellite image can cover hundreds of square 
kilometers. Some of the image analysis algorithms are based on the surface energy balance 
equation and can produce unique estimates of ET for each pixel.  Others are based on 
extrapolation of ET values calculated from weather station data using crop type maps derived 
from the image data. 
 
LIDAR and scintillometer equipment can be used to calculate high-resolution ET profiles or 
maps.  These remote sensing devices measure atmospheric conditions through analysis of 
changes in a signal generated by the device.  LIDAR can be used to determine latent heat flux 
and scintillometers can be used to determine sensible or latent heat flux.   
 
Raman2 LIDAR equipment is used to measure water vapor gradients over distances of up to 
approximately 1 kilometer.  Horizontal ET profiles can be generated from measurements from 
fixed LIDAR units and ET maps can be generated from scanning LIDAR measurements.  Raman 
LIDAR devices transmit a specific wavelength signal that excites water vapor molecules causing 
re-emission of a slightly different wavelength.  The device measures the strength of the re-
emission and provides the corresponding water vapor value.  The water vapor data are used with 
measured wind field data to calculate latent heat flux, or ET. 
 
Large aperture scintillometers are used to evaluate sensible heat flux and micrometer wave 
scintillometers are used to evaluate latent heat flux.  Scintillometers consist of separate 
transmitter and receiver components that are placed at distances of up 10 kilometers apart.  A 
scintillometer measures small optical disturbances (scintillations) caused by intensity 
fluctuations of the refractive index3 of the air through which the signal passes that are caused by 
differences in temperature, humidity, and pressure.  The scintillometer receiver measures the 
fluctuations in transmitter signal intensity and, depending on aperture size and signal 
wavelength, water vapor (large aperture) or sensible heat flux (micrometer wave) is provided.  
Water vapor values are used to calculate latent heat flux, or ET, as with LIDAR data.  Sensible 


                                                           
 
2 Raman scattering or Raman effect is the inelastic scattering of photons by excitation, causing a change in 
frequency. 
3 Refractive index is a measure for how much the speed of light is reduced inside a medium. 
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heat flux values are used with ground heat flux and net radiation measurements to calculate ET 
with the surface energy balance equation. 
Sap flow and plant canopy temperature measurement methods are used to quantify plant 
transpiration, which is equal to ET when soil moisture evaporation is negligible.  These methods 
quantify ET on a site- or plant-specific basis. 


ET And ET-related Information Sources 
ET networks based on regional and state weather stations provide near real-time and historic ET 
information to the public. Weather station ET networks typically use the ASCE Standardized 
Reference ET Equation or one of the other combination type equations.  ET information is 
disseminated by numerous means including media outlets, subscriptions, and the internet. 
Availability varies throughout the western United States and some of the networks charge a fee 
for certain types of information.   
 
Remote sensing imagery is available from various sources in the public and private sectors.  
Some remotely sensed images are available at no charge and some must be purchased. 
 
Regional Weather Station ET Networks and Decision Support Systems 
Regional weather station ET networks in the western United States include the Bureau of 
Reclamation’s (BOR) AgriMet network, the Western Regional Climate Center (WRCC) Remote 
Automated Weather Station (RAWS) network, and the High Plains Regional Climate Center 
(HPRCC) Automated Weather Data Network (AWDN).  The WRCC and HPRCC automated 
weather station networks are part of the national weather station network managed by the 
National Oceanic and Atmospheric Administration (NOAA).  The WRCC and HPRCC receive 
NOAA funding, but are located at and staffed by, state higher educational institutions.  The 
HPRCC is leading an effort to facilitate cooperation between regional and state weather 
networks under the Applied Climate Information System (http://www.rcc-acis.org/).   
  
The AgriMet network includes 93 automated weather stations located in the northern Western 
States that are owned and operated by BOR.  The states and numbers of stations in each are:  
Oregon, 31; Montana, 26; Idaho, 17; Washington, 15; Nevada, 2; California, 1; and Wyoming, 1.  
AgriMet data include hourly reference ET, various crop potential ET, weather parameters, soil 
temperature,4 and crop canopy temperature.3  AgriMet weather stations are located in 
agricultural areas and meet high standards for quality data collection.  Hourly near real-time and 
historic data are available at no charge from BOR’s Pacific Northwest and Great Plains Region
AgriMet internet sites (


s’ 
http://www.usbr.gov/gp/agrimet/index.cfm and 


http://www.usbr.gov/pn/agrimet/).  BOR administers AgriMet with support from the Northwe
Energy Efficiency Alliance, the USDA Agricultural Resource Service, the USDA Natural 
Resources Conservation Service, land grant universities, the Cooperative Extension System, 
electric utilities, power companies, and other public a


st 


nd private agencies and organizations. 


                                                          


  
The WRCC RAWS network includes approximately 2,200 weather stations located throughout 
the United States.  The stations are owned and maintained by various fire management agencies 


 
 
4 These parameters are only available for certain stations. 
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and are typically located in remote areas.  The stations meet National Fire Danger Rating System 
weather station standards and collect all combined ET equation parameters hourly. The WRCC is 
located at and staffed by the Desert Research Institute in Reno, Nevada.  The WRCC RAWS 
internet site (http://www.raws.dri.edu/index.html) provides daily ET values in the monthly 
summaries and hourly near real-time weather parameters data for calculating ET.  All data are 
available at no charge. 
 
The HPRCC AWDN network includes 140 weather stations, most of which are distributed 
somewhat uniformly throughout Nebraska, South Dakota, and North Dakota.  There are also a 
few stations across the bordering state lines, plus several more distributed across Kansas and 
Iowa.  The AWDN stations are owned and maintained by the HPRCC, which is located at and 
staffed by the University of Nebraska in Lincoln.  Daily reference ET values for the current year 
are available in graphical format at http://www.hprcc.unl.edu/.  Hourly historic and near real-
time reference ET and certain crop ET values are available for a fee. 
 
The BOR’s Agricultural Water Resources Decision Support (AWARDS)/ET Toolbox system is 
a water resource support system used to estimate and predict plant and crop water consumption.  
It is used for irrigation scheduling, providing input to river basin system modeling analyses, and 
for other purposes.  The AWARDS/ET Toolbox system evaluates weather station ET data, 
rainfall estimates, and land area plant and crop coverage data using a geographic information 
system (GIS) to estimate and project water consumption rates.  Remote sensing images are 
currently used within the AWARDS/ET Toolbox to develop crop type maps.  BOR is conducting 
research in the Lower Colorado River Basin to evaluate the potential to incorporate remote 
sensing surface energy balance methods into the system.  This ongoing research involves 
numerous remote sensing methods and is being done in partnership with the OhioView 
consortium of universities. 
 
State Weather Station ET Networks: ET networks for most of the Western States are typically 
maintained by universities with funding from the respective states.  Ownership and maintenance 
responsibilities for the weather stations associated with these networks vary.  Some network data 
are available at no cost and some networks have fees.  The states without networks rely on the 
previously discussed regional networks.  State ET network information collected for this report is 
summarized in Table 6.   
 
Several large western irrigation districts maintain significant weather station networks, and 
provide ET values for their irrigators.  In some cases, the district stations are also incorporated 
into a state network.  Districts with networks identified in the preparation of this report include 
the Middle Rio Grande Conservancy District in New Mexico, the Northern Colorado Water 
Conservancy District, and the Nebraska Public Power and Irrigation District.   
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Table 6.  Summary of State ET Network Information 
State Name of 


Network 
Maintained by: Number of 


Stations 
Internet Site Address 


AZ AZMET University of Arizona 26 http://ag.arizona.edu/azmet/ 


CA CIMIS California Department of Water 
Resources 120 http://wwwcimis.water.ca.gov/cimis/welcome.jsp 


CO CoAgMet Colorado State University 64 http://ccc.atmos.colostate.edu/%7Ecoagmet/ 


ID ET Idaho University of Idaho 123 http://www.kimberly.uidaho.edu/ETIdaho/ 


KS OzNet ET Kansas State University 13 http://www.oznet.ksu.edu/wdl/cr10et05.htm 


MT No state network exists. 


ND NDAWN North Dakota State University 67 http://ndawn.ndsu.nodak.edu/ 


NE HPRCC1 University of Nebraska 58 http://hpccsun.unl.edu 


NM NMCC ET New Mexico State University 190 http://weather.nmsu.edu/cgi-shl/cns/oldformat.pl 


NV WRCC RAWS5
 Desert Research Institute 85 http://www.raws.dri.edu/index.html 


OK Mesonet Oklahoma State University and 
University of Oklahoma 110 http://agweather.mesonet.org/weather/default.html 


OR No state network exists. 


SD SDAWN South Dakota State University 31 http://climate.sdstate.edu/climate_site/climate.htm 


TX TexasET  25 http://texaset.tamu.edu 


UT Not available6 Utah State University  http://climate.usu.edu/ 


WA AgWeatherNet Washington State University 99 http://www.weather.wsu.edu/ 


WY  No state network exists. 
 


Remote Sensing: Remote sensing information for ET quantification comes from satellite- and 
aircraft-mounted sensors that measure the amount of electromagnetic energy reflected or emitted 
from the earth’s surface for specific ranges of wavelengths (multispectral bands or channels).  
Very large areas can be measured within a single image and high-resolution multispectral images 
yield individual energy levels for areas (pixels) as small as 2.4 meters on a side.  This 
information is used, typically in combination with ground measurements, to develop ET maps.  
ET maps are developed using either a surface energy balance method or a method involving 
extrapolation of weather station ET based on remotely sensed plant identification, vigor, or leaf 
area index data.  Images used with energy balance methods must include a thermal band that 
measures emitted radiant energy in the longer thermal wavelengths, in addition to bands which 
measure reflected sunlight. 
 
The satellite images typically used for ET quantification are those classified as medium to low 
resolution, as defined by the American Society of Photogrammetry and Remote Sensing Guide to 
Land Imaging Satellites (Stoney, 2006).  The maximum image resolution occurs at the point 
directly beneath the satellite and decreases towards the edge of the image swath.  This 


                                                           
 
5 These are regional networks administrated and funded in part by the state’s higher education system.  The number 
of stations shown is that portion of the regional network within the respective state. 
6 This network is currently being developed and is scheduled for implementation by the end of 2007 (update this 
information?). 
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degradation is greater with the lower resolution satellites, which have large swath widths.  The 
resolutions in the satellite descriptions below are the finest values. 
 
Sensors on several U.S. government satellites and one commercial satellite have been used for 
ET mapping purposes in the United States.  The U.S. government satellites include Landsat 5 
and Landsat 7, Terra and Aqua, GOES-10 and GOES-11, and NOAA-16 and NOAA-17.  The 
commercial satellite is the IKONOS-2. 
 
The Landsat 5 and Landsat 7 satellites circle the earth in near-polar orbits with a 16-day repeat 
cycle.  These two satellites share near-identical orbit tracks, but are offset in time to produce an 
8-day repeat cycle.  The imaging sensor aboard Landsat 5 is the Thematic Mapper (TM) and that 
aboard Landsat 7 is the Enhanced Thematic Mapper Plus (ETM+).  These sensors cover a 183-
kilometer-wide swath with reflective band resolutions of 30 meters.  The emissive thermal 
infrared band resolution is 120 meters for the TM and 60 meters for the ETM+. The TM and 
ETM+ images are well suited for ET mapping given their low cost and moderate resolutions.  
Landsat images can be ordered at http://edcsns17.cr.usgs.gov/EarthExplorer/. 
 
The Terra and Aqua satellites both include a Moderate Resolution Imaging Spectroradiometer 
(MODIS), and the Terra satellite also includes the Advanced Spaceborn Thermal Emission and 
Reflection Radiometer (ASTER).  Both satellites circle the earth in sun-synchronous polar orbits, 
but on a schedule where Terra passes the equator in the morning and Aqua in the afternoon.  
MODIS covers a 2,300-kilometer-wide swath continuously with reflective band resolutions of 
250 and 500 meters.  The emissive thermal infrared band resolution is 1,000 meters.  A MODIS 
image is available for a given location once every 1 or 2 days.  MODIS images are available at 
no charge from several sources including http://lpdaac.usgs.gov/main.asp.  ASTER covers a 60- 
kilometer-wide swath intermittently with 15- and 30-meter reflective band resolutions.  The 
emissive thermal infrared band resolution is 90 meters.  ASTER‘s intermittent imaging schedule 
is due to limited data transmission capacity on the Terra satellite.  ASTER images must be 
ordered in advance and availability is limited.   An ASTER image for a given location is 
potentially available at least once every 16 days.  ASTER images can be ordered at 
http://asterweb.jpl.nasa.gov/NewReq.asp and archived images can be ordered at 
http://edcimswww.cr.usgs.gov/pub/imswelcome/.  The low resolution of the MODIS images and 
the limited availability of the ASTER images are significant constraints for ET mapping 
applications. 
 
The GOES-11 and GOES-12 (Geostationary Operational Environmental Satellites) are in 
geosynchronous orbits stationed over the Pacific Ocean and South America, respectively.  The 
GOES I-M Imager sensing device sweeps an 8-kilometer-wide swath at a high frequency 
producing a 3,000- by 3,000-kilometer image every 41 seconds.  Image resolution is 1,000 and 
4,000 meters for reflective bands and 4,000 meters for the emissive thermal infrared band.   
GOES data can be ordered at http://cdo.ncdc.noaa.gov/GOESBrowser/goesbrowser.  The low 
resolution of the GOES images allows for very limited ET mapping applications. 
 
The NOAA-16 and NOAA-17 are polar-orbiting satellites that carry an Advanced Very High 
Resolution Radiometer (AVHRR) imagine sensor that covers a 2,399-kilometer-wide swath 
continuously.  The two satellites share the same orbital track with overpass schedules offset by 
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several hours to enable morning and afternoon imaging of the same locations.  The AVHRR 
resolution of both the reflective and emissive thermal infrared bands is 1,100 meters. A NOAA 
AVHRR image is available for a given location once every 1 or 2 days.  NOAA satellite image 
data can be accessed at 
https://www.unidata.ucar.edu/support/help/MailArchives/datastream/msg00510.html.  The low 
resolution of the NOAA satellite images allows for limited ET mapping applications. 
 
The IKONOS-2 is a high-resolution commercial satellite operated by the U.S. company GeoEye.  
This satellite is in a near-polar orbit and its sensor covers an 11.3-kilometer-wide swath.  The 
IKONOS-2 sensor resolution for both the reflective and emissive thermal infrared bands is  
4 meters. IKONOS-2 images must be ordered in advance and availability is limited.  An  
IKONOS-2 image for a given location is potentially available once every 3 days.  IKONOS-2 
images can be ordered at http://satimagingcorp.com.  IKONOS-2 images can be used to map 
small agricultural fields or natural vegetation assemblages, but availability is limited and the cost 
is high. 
 
Aircraft remote sensing can provide very high-resolution images of relatively small areas 
compared to satellite images.  Image sizes and resolution for a given area depend on the sensor 
employed and the image acquisition altitude.  Most aircraft remote sensing ET quantification 
work is done for research purposes and special applications.  Aircraft remotely sensed images are 
typically used for mapping plant type, leaf area index, and plant vigor.  This information is used 
to extrapolate ET values based on weather stations or to calibrate satellite image data.  A limited 
amount of aircraft remote sensing work has been done using surface energy balance methods.  
Numerous universities and government agencies possess aircraft remote sensing equipment, and 
many private contractors provide infrared aerial photography services. 


Data Needs and Issues 
Data needs and issues associated with existing ET quantification methods include those 
pertaining to weather station ET networks, crop coefficients, and satellite remote sensing ET 
mapping. 
 
Weather Station ET Networks 
Although adequate densities of automated weather stations exist for quantifying ET in most areas 
of the Western United States, there are several areas that do not have adequate densities.  Certain 
states do not have ET weather station networks and the numbers of regional system stations in 
some of these states are minimal.  
 
Weather stations used for ET quantification must be properly equipped, located in an adequate 
setting (e.g., surrounded by healthy vegetation) and be properly maintained to ensure accuracy.  
Maintaining the stations and providing adequate data quality assurance is apparently difficult for 
some operating entities.  
 
Crop Coefficients 
The FAO-56 list of crop coefficients covers nearly 100 different crops and plants.  The 
coefficients are average values that apply under standard climatic conditions (sub-humid with 
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calm to moderate winds).  Although the FAO-56 list is adequate for many crops and other 
resources exist, additional data are needed. 
 
Crop coefficients are needed for additional plants not included in the existing resources, and 
coefficients for non-standard conditions are needed in some cases.  Coefficients for riparian and 
wetland plants are especially needed.  Although FAO-56 provides non-standard climatic 
conditions adjustment guidelines, additional non-standard data are needed.  In some cases, crop 
coefficients can vary as much as 30 percent from the standard value due to varying climate 
conditions (Allen et. al., 1998).  Also, the effects on crop coefficients due to poor soil conditions 
(e.g., high salt or low nutrient levels) and variable groundwater levels are not well quantified. 
 
Remote Sensing 
Landsat satellite images are currently the most useful and cost-effective terrestrial remote 
sensing data available for ET mapping purposes.  The 30-meter resolution is adequate for 
determining the variability of ET within an agricultural field, river corridor, or other area of 
interest. 
 
Landsat 5 was launched in 1984 and continues to function well to date.  However, it is estimated 
that it has less than 2 years of service life and fuel remaining. Landsat 6 failed to reach orbit 
when it was launched in 1993.  Landsat 7 was launched in 1999 and performed well for 4 years 
before a malfunction in the scanning optics occurred that could not be corrected.  Although 
image coverage near the ground track of the satellite is 100 percent, this malfunction results in 
gaps in the image coverage that widen towards the edges of the image swath, where image 
coverage is only 50 percent.  Therefore, 100 percent coverage is provided only by Landsat 5 on a 
frequency of 16 days.    
 
NASA is scheduled to launch the Landsat Data Continuity Mission (LDCM) in 2011.  A Landsat 
data gap is probable, given that Landsat 5 is already 18 years beyond its design lifetime.  Also, 
there is a question as to whether the LDCM remote sensing device will include a spectral band in 
the thermal region.  If the LDCM does not include a thermal band, ET mapping by surface 
energy balance methods will not be possible for many areas once Landsat 5 fails.  The 
significance of this situation is exemplified by a June 14, 2007 letter from 9 western U.S. 
senators to the Senate Appropriations Committee and Commerce Subcommittee asking for 
funding of the LDCM thermal band component.  NASA representatives have indicated that in 
the absence of authorization and funding by approximately October 2007, the LDCM thermal 
band component cannot be added without delaying the 2011 launch. 
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Recommendations 
An analysis of the existing state and regional ET weather station networks should be performed 
to determine the best ways to provide adequate station density throughout the western United 
States.  Also, ET weather station standards should be established for all ET network providers to 
adhere to.  The standards should cover weather station components, location, and quality 
assurance to ensure accurate and consistent ET values. 
 
Research should be supported to further the understanding and development of crop coefficients.  
Specific research topics should include hybrid crops, riparian and wetland plants, salt and 
groundwater effects, and non-standard climate condition effects.  
 
Research to further develop and implement remote sensing ET mapping should be supported, 
and support should be provided to include the emissive thermal infrared band component on the 
LDCM.  Improvements to both surface energy balance methods and methods to extrapolate 
weather station ET values should be pursued. 
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Forward: Recommendations, Next Steps, Acknowledgements 


 
Recommendations / Next Steps 


 
The following recommendations were compiled by Gene Lilly, Marcia Hackett, Rolf 
Olsen and Ted Hillyer of the U.S. Army Corps of Engineers and is based on discussions 
with stakeholders and reports on drought and water supply.  They do not represent the 
positions of the Corps or other Federal agencies. 


 
1) The Corps of Engineers should continue it’s support of the implementation of the 


NIDIS by (1) providing drought information, such as reservoir storage levels, linking 
Corps web sites with the NIDIS site, www.drought.gov; (2) supporting state and local 
drought planning within an integrated water resources management framework; (3) 
providing information on drought impact assessment in areas where the Corps has 
expertise, such as navigation, hydropower, ecosystem needs, and recreation; (4) 
participating in the NIDIS pilot studies, particularly in studies involving water 
resources management. 


 
2) The Corps should work with other Federal agencies, states and regional groups to 


ensure there is an accurate assessment of the Nation’s water availability and demand.  
This information should be useful for the development of state water plans.  An effort 
just getting underway that will contribute to a national assessment is a 2-year survey 
of Corps' reservoir projects to develop a portfolio of Corps multipurpose reservoir 
projects to identify the best candidates for opportunities for operational changes 
and/or reallocation, explore water management aspects of those reservoirs as well as 
developing detailed sediment management information.   


 
3) Stakeholders and decision makers may want to consider a national “Water Demand 


and Availability Study” to be conducted under the 1986 Water Resources 
Development Act authority. (Section 707- Capital Investment needs for Water 
Resources and Section 729- Water Resources Needs of River Basins).  


 
4) Stakeholders and decision makers may want to consider more emphasis on integrated 


water management at river basin/Corps Division level. 
 
5) Many water projects were designed quite some time ago on the basis of a short 


hydrologic record which may not be reflective of post-project hydrologic conditions, 
as well having as other potentially outdated design criteria.  The Corps should begin a 
systematic re-evaluation of the performance of its projects based on "modern" design 
criteria and updated hydrology.   


 
6) For the northeastern region of the United States, the Corps still technically has the 


NEWS authority (Northeastern US Water Supply) on the books. (PL 89- 298).  
Stakeholders and decision makers may want to consider modification of the NEWS 
authority to include all of the United States and pursue a regional study in each Corps 
Division.   
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7) Consideration should be given to continue efforts to align Corps regulatory permit 


evaluation of municipal water supply requirements with accepted analytical/planning 
practices. Corps permits for municipal water supply are site-specific/ project-specific, 
and are not normally part of a regional water supply plan.      


 
8) If needed, stakeholders and decision makers may want to consider modification of the 


1958 Water Supply Act so storage could be reallocated for irrigation and just not for 
municipal and industrial purposes; however, there are two existing authorizations that 
may be adequate.  Section 8 of the 1944 Flood Control Act (PL 78-534) provides the 
Corps authority to include irrigation in Corps lakes in the 17 contiguous Western 
States upon the recommendation of the Secretary of the Interior (DOI) and in 
conformity with Reclamation Law.  Agreements between the local sponsors and the 
Federal Government are handled by the Department of Interior (DOI).  In Western 
states where there are no DOI irrigation facilities and for Eastern projects, Section 
103(c)(3)of the Water Resources Development Act of 1986 (PL 99-662) may be 
sufficient.   


 
9) The Corps should continue to develop metrics for decision makers that clearly show 


when reallocation opportunities at existing Corps reservoir projects are cost effective, 
environmentally sound and provide national benefits by adding revenue to the United 
States Treasury. This task may be done at least in part under the Portfolio Assessment 
described in item #2 above. Efforts are underway to delegate additional reallocation 
authority down to the Corps Division and District Offices to help speed up the 
decision making process. 


  
Operational 
 
10) Activate review of Corps Drought Contingency Plans at Corps reservoirs and update 


as necessary.   
 
11) Engage staff at water control centers to be available for interagency task groups, 


updating information, and collaboration with the National Weather Service.  
 
12) Consistent with Congressional authorities, identify opportunities for existing 


authorized Reconnaissance/Feasibility studies to integrate water management studies 
that focus on urban/urbanizing watersheds with complex water delivery problems.  


 
Tactical 
 
13) Continue efforts to provide more flexibility to Corps Division Offices for delegation 


of authority of reallocation of storage for water supply.   
 
14) The Corps should continue efforts to be more actively involved in local/ regional/ 


national interagency task groups devoted to drought management to better understand 
the public needs. 
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15) Promote education of Corps employees with latest materials available (reports, 


websites, etc). Engage and activate Public Affairs Offices in each district. 
 
14) Develop Corps Headquarters website for drought-related issues, which can be used by 


public, interest groups etc. 
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Western States Watershed Study Drought Report 


1 Introduction 
The first section of this report provides an introduction to drought and water 


supply planning.  It discusses the National Integrated Drought Information System 
(NIDIS) and includes recommendations for how the Corps can participate in NIDIS.  The 
Corps can provide drought information by making reservoir levels available on web sites 
linked to the NIDIS web portal.  The Corps can also monitor and assess drought impacts 
in sectors such as navigation, hydropower, recreation, and aquatic ecosystems.  The 
Corps and other Federal agencies can be more proactive in drought planning and 
preparedness by working with states and local authorities within an integrated watershed 
planning framework.   


The second part discusses Corps drought authorities and policies.  It contains a 
discussion of Corps authorities related to drought and water supply.  It raises points and 
issues related to the Corps response to drought and describes components of a Corps 
action agenda.   


2 Drought Information and Water Supply Planning 


2.1 Definition 
Drought can be defined in different ways- meteorological, hydrological, 


agricultural, and socioeconomic. In this report, we will use the definition of drought used 
in the National Study of Water Management During Drought: 


“Droughts are periods of time when natural or managed water systems do 
not provide enough water to meet established human and environmental 
uses because of natural shortfalls in precipitation or streamflow.” 


Figure 1 provides a graphical representation of this definition.  This definition defines 
drought in terms of its impact on water management.   


Water supply planning attempts to balance water supply with water use.  Due to 
hydrologic variability, there cannot be 100% reliability that all water demand is met.  
Droughts occasionally will be declared and mitigation or emergency actions initiated.  
These responses are tactical measures to reduce water use.  On the other hand, water 
supply planners can take strategic measures to reduce the likelihood of future supply 
shortfalls. 


As the National Study of Water Management During Drought noted, “the 
distinction between a ‘drought’ and a ‘water supply’ problem is essentially defined by the 
nature of the best solution.”  Areas that consistently face frequent drought declarations 
have a water supply problem that may need to be solved by strategic non-structural or 
structural water supply measures. 
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Figure 1: A graphical description of drought 


 


2.1.1 Strategic Adjustments to Drought 
Drought is a recurring climate feature and water resources managers can make a 


number of long-term term measures to make society less vulnerable to the effects of 
drought.  The National Study of Water Management During Drought listed some 
strategic adjustments to drought.  Strategic measures require an investment of capital and 
time to implement.   


The storage of water during periods of high rainfall is one method the Corps has 
used since the 19th century, but there are impediments to constructing more dams and 
increasing reservoir storage.  Storage of water can also mean recharge of groundwater 
aquifers.  Another long-term measure to reduce the impact of regional droughts is to 
develop interregional water transportation systems to facilitate inter-basin transfers of 
water.  Aqueducts in Arizona, California and New York are examples of this type of 
infrastructure.  However, inter-basin transfers are also politically contentious.   


Some strategic measures are non-structural.  Some conservation measures require 
long-term planning.  More efficient toilets, landscaping that is less susceptible to drought, 
and changes in irrigation methods are examples of non-structural measures that require a 
longer investment horizon. 


In the agricultural sector, farmers can make long-term adjustments to drought by 
changing their selection of crops or their farming methods.  Farmers can invest in 
irrigation to reduce the risk of crop failure in drought-prone regions.  Although this 
adjustment may reduce the farmers’ vulnerability, it may increase the demands on the 
available water when a drought does occur.  Technological innovations are another long-
term adjustment.  Development and planting of drought resistant plant varieties will 
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reduce future drought vulnerability.  Drip irrigation systems require less water than 
conventional irrigation systems. 


Another technological adaptation to drought is desalination.  Desalination plants 
require both a large capital investment and large amounts of energy, but costs per unit of 
fresh water have been coming down.  Desalination is an option both for sea water and for 
brackish groundwater.  


2.1.2 Tactical and Emergency Response to Drought 
Water supply users can take conservation measures during a drought to quickly 


reduce water use with little lead time. Conservation measures include banning lawn 
watering, washing cars, and reducing other non-essential uses.   Other sectors can make 
short-term adjustments to drought.  Shippers can shift to other transportation modes, 
particularly rail, when inland waterways close due to major droughts.  Hydroelectric 
output can shift to alternative electrical generation such as thermal or nuclear plants.   


Drought management measures are often initiated when a physical measure 
reaches a threshold.  These triggers could be reservoir levels, streamflow, or groundwater 
levels.  An improved ability to monitor drought indicators will improve the timeliness of 
drought management responses.  An ability to forecast drought would initiate drought 
triggers sooner.  Such a drought early warning system is one of the goals of the National 
Integrated Drought Information System.  


2.1.3 Government Roles in Water Supply Planning 
Water supply and drought planning are primarily a local responsibility.  Local 


water utilities provide the infrastructure for water delivery and for obtaining adequate 
water supply for their users.  As population and water demand increase, local utilities will 
begin to compete for water supplies with other localities.  They will also compete with 
other uses for water, particularly with increasing demands for water for environmental 
flow needs for aquatic ecosystems.   


State water plans examine water supply and projected water demands.  These 
plans can be used to plan new water supplies.  The Federal government has been involved 
in water resources development, but has had a limited role in water supply.  The Corps 
authorities and role in water supply are discussed in more detail in section 2.  The Federal 
government is increasingly involved in water supply as a regulator for compliance with 
environmental regulations.  A survey of state water managers by the General 
Accountability Office (GAO, 2003) found that the states thought federal environmental 
laws had restricted the state’s ability to develop new storage capacity.  Environmental 
regulation and water supply are discussed in more detail in section 2.4. 


2.2 National Integrated Drought Information System (NIDIS) 


2.2.1 Introduction 


The ‘‘National Integrated Drought Information System Act of 2006’’ (Public Law 
109–430) described the functions of NIDIS as follows: 


SYSTEM FUNCTIONS.—The National Integrated Drought Information System shall— 
(1) provide an effective drought early warning system that— 


 8







 


(A) is a comprehensive system that collects and integrates information on 
the key indicators of drought in order to make usable, reliable, and timely 
drought forecasts and assessments of drought, including assessments of 
the severity of drought conditions and impacts; 
(B) communicates drought forecasts, drought conditions, and drought 
impacts on an  ongoing basis to— 


(i) decisionmakers at the Federal, regional, State, tribal, and local 
levels of government;  
(ii) the private sector; and  
(iii) the public, 


in order to engender better informed and more timely decisions thereby 
leading to reduced impacts and costs; and 
(C) includes timely (where possible real-time) data, information, and 
products  that reflect local, regional, and State differences in drought 
conditions; 


(2) coordinate, and integrate as practicable, Federal research in support of a 
drought early warning system; and  
(3) build upon existing forecasting and  assessment programs and partnerships. 


 
The law requires NOAA to consult with relevant Federal, regional, State, tribal, and local 
government agencies, research institutions, and the private sector in the development of 
the National Integrated Drought Information System and that each Federal agency shall 
cooperate as appropriate with NOAA.   


NIDIS will be a web-based system with information on drought preparedness, 
mitigation, and relief to serve policy and decision makers at all levels – local, state, 
regional, and national.  The objective of NIDIS is to improve 1) observing systems, 2) 
monitoring, analysis, assessment and prediction tools, and 3) impacts monitoring and 
assessment.  It calls for more drought research and support for drought preparedness 
planning.   


Corps contributions would be most important in three areas: data and data 
management tools, drought preparedness planning, and impacts monitoring and 
assessment.   


2.2.2 Corps of Engineer’s Role in NIDIS 


There are several aspects of NIDIS that affect the Corps.  (1) Drought Monitoring: 
NIDIS may integrate reservoir storage information from different agencies so it would be 
easier for decision-makers to assess hydrologic drought.  The Corps Districts have this 
information available, but it would need to be linked with NIDIS.  (2) Quantifying 
Drought Impacts:  The Corps is one of the lead Federal agencies for several sectors 
affected by drought and specifically mentioned by the NIDIS proposal, for example, 
economic impacts of low flow and low reservoir levels on inland navigation, 
hydropower, and recreation.  (3) Drought Research: Topics recommended for further 
research include the development of  “methodologies to integrate data on climate, 
hydrology, water available in storage, and socioeconomic and ecosystem conditions” and 
“new decision support tools that would give decision-makers a better range of risks and 
options to consider.”  The Institute for Water Resources (IWR) has studied these subjects.  
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The Hydrologic Engineering Center (HEC) is developing tools to link ecosystems with 
low flows, and the Corps has methods for risk management for water resources.  
Participation in NIDIS would give the Corps an opportunity to use its existing skill in 
water resources modeling, analysis, and planning.    


A National Drought Preparedness Act has been proposed in several recent 
Congresses.  In the 2005 bill, the Corps and the Department of Interior had responsibility 
to develop and implement Federal drought preparedness plans that were to be integrated 
with each other and with the drought preparedness plans of State, tribal, and local 
governments.   


The following are some specific recommendations for Corps participation in 
NIDIS. 


Provider of drought information.  Data on reservoir storage including archives of 
past data should be included in NIDIS.  For the Corps, most of this data is available at the 
District level.  Some Districts provide the data on the internet while others do not.  The 
Corps has other data that could be useful in drought impact assessment, including water 
supply, navigation, hydropower and recreation data.  Additional study is necessary to use 
the data for drought impact assessment, since the data generally has not been arranged by 
different climate or hydrologic conditions.  


Drought preparedness planning.  Although the drought preparedness bill had 
explicit language authorizing a role for the Corps in drought planning, the Corps has 
sufficient authority to develop drought plans for its projects that are better integrated with 
State, tribal, and local drought plans. However, lack of funding has been an impediment 
to updating drought contingency plans for Corps projects.  Drought preparedness 
planning is one aspect of integrated watershed planning and the Corps should be more 
proactive in drought planning for river basins with Corps projects.   


Impacts monitoring and assessment.  The Corps has expertise in water resources 
areas that are impacted by drought, such as navigation, hydropower, recreation, water 
supply, and ecosystems.  However, additional research is necessary to quantify drought 
impacts, such as the impact of drought on inland navigation.   


User of drought information.  The Corps is a potential user of NIDIS.  All Corps 
reservoirs are required to have drought contingency plans.  NIDIS could improve the 
triggers that implement the drought plans.  There could be improved coordination 
between the Corps Districts and the National Weather Service River Forecast Centers and 
the NOAA-supported Regional Climate Centers.  New products are coming out that 
could increase the lead-time of river forecasts. 


Research.  The Corps should consider conducting research to support drought 
needs.  One potential area of interest involves developing applications from climate 
research-level satellite observations and remote sensing for products such as drought 
early warning systems and ecosystem-related drought information tools.  Ecological flow 
needs under drought conditions and a changing climate is another research topic of 
particular concern to the Corps. 
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2.2.3 NIDIS Pilots 
Within the next three years, the NIDIS program will establish a limited number of 


pilot projects to try and demonstrate drought risk reduction strategies using drought 
monitoring and prediction information.  The aim is to partner with users and federal, 
state, regional, and local agencies.  The pilot regions will be the Colorado River Basin 
(Southwest), Montana (Northern Plains), Missouri (Middle and Southern Plains), 
Chesapeake Bay (Northeast), and Mississippi (South).  The Colorado River basin and 
Montana are both in the Western States region.   


In the Colorado River pilot, the focus will be on water management issues with 
growing population (demand) in an arid region.  Emphasis will be placed on the Upper 
Basin with second stage activities in the Lower Basin.  The Corps has limited activities in 
the Upper Basin, but the Los Angeles District (SPL) does have projects in Arizona that 
could participate.  In the Montana pilot, the focus will be on (1) tourism and recreation 
and (2) farming and ranching.  The Corps has reservoirs in Montana that support 
recreation, including Fort Peck in the Omaha District (NWO) and Libby in the Seattle 
District (NWS).  Corps recreation officials should attend pilot implementation sessions to 
evaluate how a drought early warning system could affect their operations. 


Several Corps offices may have interest in participating in NIDIS pilots.  
Reservoir operators could use drought information to update project drought contingency 
plans.  Planners could support drought planning in states through Planning Assistance to 
States.  Corps regulatory will need drought information to evaluate water supply permits.  
Recreation officials may be able to use drought information in their activities.  In pilot 
regions outside the West, other Corps Districts could participate, including Baltimore 
(NAB) for the Chesapeake, Kansas City (NWK), St. Louis (MVS), and Tulsa (SWT) for 
Missouri, and Vicksburg (MVK) and Mobile (SAM) for Mississippi. 


Recommendation: The Corps should participate in the NIDIS pilots.  The Institute for 
Water Resources is the Corps representative to the NIDIS implementation teams.  As the 
NIDIS pilot programs get underway, SPL, NWO, and NWS should become involved in 
supporting the NIDIS effort in the Western states. 
 


2.3 Information Needs for Strategic Water Supply Planning 


The objective of NIDIS is to be an early warning system to improve drought 
preparedness.  Forecasting impending or continuing droughts will improve tactical 
response to drought.  On the other hand, strategic adjustments to drought must be made 
with a long-term time horizon.  It is more important to know the likelihood of droughts of 
different severity and duration.  The probability of drought is used to estimate the 
potential benefits of water supply alternatives to determine which alternatives are cost 
effective. 


2.3.1 Drought Statistics for Risk Assessment 
The National Study of Water Management During Drought developed a National 


Drought Atlas that compiled statistical information about the expected frequency, 
duration, and severity of droughts for regions of the United States.  This statistical 
information is needed to assess the risks and benefits of alternative water management 
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strategies.  The statistical analysis used the period of record for precipitation and 
streamflow data.   


Recent studies of tree rings and other paleoclimate information has shown that 
climate varies on decadal time scales and the 20th century has been relatively wet.  Figure 
2 shows a reconstructed record of precipitation for the northeast Utah and southwest 
Wyoming region.  A mega-drought occurred in the late 16th century and a “Great 
Drought” in the 13th century.  The 20th century is one of the wettest periods in the record.  
These paleo studies bring into question the long-term validity of statistics based on the 
period of record for the 20th century.   


The use of paleo data for water resources management is becoming more 
common.  Paleo data is being used to determine extreme shortages for the Colorado River 
and for drought planning in Utah. 


Recommendation: The Institute for Water Resources should consider updating the 
National Drought Atlas to take into account an extended drought record based on tree 
rings or other paleo data. 


 
Figure 2: A 50-yr running average of reconstructed precipitation for the Uinta Basin 
Watershed  


(from McCabe presentation, 
http://www.iwr.usace.army.mil/inside/products/proj/docs_proj/31May07/mccabe.drought
.05312007.ppt). 
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2.3.2 Water Demand and Availability Assessment 
Effective water resources management depends on an understanding of available 


water supplies and projected water demands. The last National Assessment of water 
demand and availability was published in 1978.  A goal of a national or regional water 
assessment would be to assess the current and future national and regional water 
resources availability and demands and to identify areas with existing and potential 
shortfalls.  Although some states have developed water plans to develop this information, 
other states may not have the resources.  There is a Federal role in conducting an 
assessment in collaboration with the states.  Many river basins cross state boundaries.  
Water quality is regulated by the Federal government.  An assessment can provide 
information for Federal water policy and investment decisions in Federal water 
infrastructure.  In addition, the Federal government has an interest in preserving wetlands 
and aquatic habitat.  A good assessment should include an assessment of water-based 
ecosystem requirements.  States such as California and Texas already have extensive 
information on water availability and demand and may not need or want Federal 
government involvement in water assessment for their state. 


Recommendation: A National Assessment of water availability and demand should be 
conducted as a collaborative effort between the relevant Federal agencies and the States.   


 


2.4 Water Supply and Environmental Flow Needs  


2.4.1 Environmental Flow Needs 
In the past, providing a minimum amount of streamflow was sufficient to support 


flow requirements for environmental needs.  Recent approaches are more complex.  
Aquatic ecosystems have adapted to flow variability, and new approaches try to establish 
a more “naturalized” flow pattern.  Managing this flow variability in a river makes it 
more difficult to balance human and ecosystem needs.  Ecologists are uncertain about the 
ecological responses to different flow regimes, increasing the complexity. 


2.4.2 Corps Regulatory and Water Supply 
Under the Rivers and Harbors and Clean Water Acts, the Corps evaluates both 


Federal and non-Federal (private) proposals filling waters of the United States, including 
wetlands and the territorial seas.  Local water supply utilities need to obtain a permit to 
expand water supply storages that would potentially affect a wetland.  Corps regulators 
must determine whether the proposal is valid based on both projected future water 
demand and firm yield.  An application for a permit must show the need for the project, 
the alternatives considered, and why one alternative is preferred.  Regulators prefer the 
least environmentally damaging practicable alternative. 


Recommendation: Corps regulators and other environmental regulators should use the 
best available science regarding potential drought conditions in their evaluation of water 
supply.  In August 2007, IWR held a small workshop and convened several regulators 
involved in water supply permit evaluation to begin exploring water supply permitting 
issues.  The Corps regulators should begin coordination with other environmental 
regulators to ensure they are using the best available science in regulatory decisions.  
Corps regulators and other environmental regulatory agencies should become involved in 
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drought preparedness and water supply planning.  The Corps could play a role in bringing 
together water planners and environmental regulators since the Corps is engaged in both 
communities.   
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3 Corps of Engineers Drought Authorities and Policies 


3.1 Overview 
The Corps has a significant, but not a dominant role as part of the overall national 
response to drought and drought management. The Department of Agriculture has 
principal responsibility for farm aid and the disaster assistance program while the Federal 
Emergency Management Agency coordinates other disaster relief assistance. These 
agencies primarily provide money, while the Corps main role is to supply water.  The 
Corps is experienced at planning, coordinating and operating water management systems 
and emergency assistance. The Corp’s main role is primarily in the development of long 
range water supplies, working with communities to develop drought contingency plans, 
and through the implementation of reservoir drought contingency plans. There are, 
however, several ways the Corps can help during droughts. These authorities and policies 
are summarized below.    
 


a. Emergency Provisions of Clean Water. PL 84-99, as amended. Water 
can be provided to a community that is confronted with a source of 
contaminated water. This is a program of last resort.  
b. Emergency Well Construction. PL 84-99, as amended. Authorizes the 
construction of wells or the transport of water. This should also be 
considered as a program of last resort.  
c. Drought Contingency Water, Section 6 of the 1944 Flood Control Act.  
When available, the Corps can sell surplus water to a state or political 
subdivision, which agrees to act as a wholesaler. 
d. Planning Assistance to States, PL 93-251, as amended. States may 
obtain Corps water resources planning expertise on 50-50 cost shared 
studies to develop plans related to the overall state water plan. This plan 
must be developed prior to any water shortage in order to be effective.  
e. Reallocation of Storage, PL 85-500. This permits the reallocation of 
storage from an existing purpose to M&I water supply. This plan must 
also be developed prior to any water shortage in order to be effective.  
f. Interim use of M&I for Irrigation, Section 931, PL 99-662. This 
program is limited in that it is only applicable to certain projects.  
g. Drought Contingency Plans for Corps Reservoirs. Provides for release 
of water from Corps reservoirs during drought. Not in law, but is part of 
the operation of Corps reservoirs. This is the Corps best emergency plan.  
 


Additional detailed data on these seven authorities/policies are provided in Section 3.2.  
These data provide the program title, statute, program description, triggering event or 
circumstance and the limitation of the program; paragraph C are points/issues for Corps 
response to drought and information on the Corps’ action agendas for long term, 
operational, tactical and emergency situations is provided as Paragraph D.  
   


3.2 Additional Detail on Corps Drought Authorities and Policies 
a. Program Title: Emergency Provisions of Clean Water 
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Statute: Public Law 84-99 as amended by Section 82 of Public Law 93-251 
Description: Water can be provided to any locality that the Chief of Engineers finds is 
confronted with a source of contaminated water causing or likely to cause a substantial 
threat to the public health and welfare of the inhabitants of the locality.  Work under this 
authority is normally limited to 30 days.  Loss of water source or supply is not 
correctable under this authority.  Terms for repayment are determined by the Chef of 
Engineers. 
Triggering Event or Circumstance: Governor of the state must ask for assistance for the 
community with contaminated water supply.  Drought related only in so far as a drought 
may sometimes indirectly cause contamination of a water supply source. During the 
National Drought Study [1], several states reported that water quality suffered during 
drought because low flows affected their ability to dilute effluents from wastewater 
treatment plants and sustain the aquatic ecosystem. 
Limitations: This is by definition a program of last resort.  In the droughts of the 1980’s, 
many applicants came to the Corps before exploring other alternatives, and were 
informed that the law requires that all other reasonable means must be exhausted before 
the Corps has authority to help.  Corps assistance is supplemental to state and local 
efforts.  Long term solutions to water supply problems are the responsibility of state and 
local interests.  The authorities are not to be used to provide drought emergency water 
assistance in cases where an owner of livestock has other options, including raising funds 
from private sources through a loan, selling all or part of the herd, or relocation of the 
animals to an area where water is available.  Federally-owned equipment must be used to 
the maximum extent possible.  Assistance can be made available to transport water for 
consumption.  The cost of transporting water is provided by the Corps; however, cost of 
purchasing and storing water is the non-Federal sponsor’s responsibility.  Assistance can 
also be provided to construct wells.  Federal costs associated with well construction must 
be repaid. 
 
Footnote [1].  National Study of Water Management During Drought authorized by 
Sections 707 and 729 of Public Law 99-662, “The Water Resources Development Act of 
1986.”  For the Report to Congress on this study, see IWR Report 94-NDS-12, 
September 1995.    
 
 b. Program Title: Emergency Well Construction and Water Transport 
Statute: Public Law 84-99, as amended by Public Law 95-51 
Description: The Secretary of the Army can authorize the construction of wells or the 
transport of water to farmers, ranchers, and political subdivisions of those areas 
determined to be drought distressed. 
Triggering Event or Circumstance: A written request for assistance may be made by any 
farmer, rancher or political subdivision of those areas determined to be drought 
distressed.   
Limitations: This is by definition a program of last resort.  In the droughts of the 1980’s 
many applicants came to the Corps before exploring other alternatives, and were 
informed that the law requires that all other reasonable means must be exhausted before 
the Corps has authority to help.  Corps assistance is supplemental to state and local 
interests.  The authorities are not to be used to provide drought emergency water 
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assistance in cases where an owners of livestock has other options, including raising 
funds from private sources through a loan, selling all or part of the herd, or relocation of 
the animals to an area where water is available.  Federally-owned equipment must be 
used to the maximum extent possible.  Assistance can be made available to transport 
water for consumption.  The cost of transporting water is provided by the Corps; 
however, cost of purchasing and storing water is the non-Federal sponsor’s responsibility.  
Assistance can also be provided to construct wells.  Federal costs associated with well 
construction must be repaid. 
 
 c. Program Title: Drought Contingency Water 
Statute: Section 6 Public Law 78-534, the 1944 Flood Control Act 
Description: When available, the Secretary of the Army can sell storage in Corps 
reservoirs to provide surplus water to a state or political subdivision which agrees to act 
as wholesaler for all of the water requirements of individual users.  Water stored for 
purposes no longer considered necessary can be considered “surplus.”  Water may also be 
considered “surplus” if it could be more beneficially used for municipal and industrial 
purposes, and its use would not significantly affect the authorized purpose.  The local 
government determines who is entitled to shares of this surplus water based on 
assessments of local needs.  The price for drought contingency water supply will be 
determined in the same manner as for surplus water, but it will never be less than $50 per 
agreement per year. 
Triggering Event or Circumstance: Governor of the state must have declared a state of 
emergency due to drought.   
Limitations: May be used only for water supply vulnerability revealed by droughts.  
Water can be provided only if surplus water is available in the Corps reservoir.  For those 
locations where the Governor of the state has declared a state of emergency due to 
drought, Corps project managers may approve withdrawals from 50 acre-feet of storage 
or less.  This water can be made available for domestic and industrial uses but not crop 
irrigation.  If the Corps reservoir has an approved Drought Contingency Plan, the District 
Commander can approve emergency demands that require less than 100 acre-feet of 
storage and the Division Commander can approve demands that require from 100 to 499 
acre-feet.  The term of the agreement will not exceed one year.  Request for large 
amounts and agreements not following the standard format must be submitted to the 
Corps Head Quarters office in Washington D.C. 
 
 d. Program Title: Planning Assistance to States 
Statute: Section 22 of Public Law 93-251, as amended 
Description: States may obtain Corps water resources planning expertise in 50-50 cost 
shared studies to develop plans related to the overall state water plan. 
Triggering Event of Circumstance: This program can be used to develop state drought 
contingency plans, or local and regional plans that support state water plans. 
Limitations: Half the study costs are paid by the Corps and half by the state.  Nationwide 
annual funds cannot exceed $10 million; actual funding has been somewhat less.  Not 
more than $500,000 per state can be spent in any year.  This is a popular program used to 
provide Corps planning expertise to support overall state water plans , not just drought. 
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 e. Program Title: Reallocation of storage in Corps reservoirs to M&I Water 
Supply Use 
Statute: Title III of Public Law 85-500, the Water Supply Act of 1958 
Description: The reassignment of space (for storage) in an existing Corps reservoir to a 
higher and better use. 
Triggering Event or Circumstance: Best done in advance of a drought, as part of a water 
supply plan.  Generally used to provide more municipal and industrial (M&I) water 
supply, which can reduce drought impacts.  In the present climate where it is becoming 
difficult to formulate and construct multipurpose reservoirs, reallocation of reservoir 
storage to M&I water supply is becoming an increasingly viable option for providing 
water supply.   
Limitations: This authority does not apply to irrigation water, only to uses normally 
found in the operation of municipal water systems and for uses in industrial processes.  
Reallocations must be evaluated, justified and approved. The sponsor must pay for the 
reallocated space, including the appropriate portion of operation and maintenance of the 
project.  Reallocations or addition of storage that would seriously affect the purposes, for 
which the project was authorized, surveyed, planned or constructed, or which would 
involve major structural or operational changes, will be made only upon the approval of 
Congress.  Providing the above criteria are not violated, 15 percent of total storage 
capacity allocated to all authorized project purposes or 50,000 acre-feet, whichever is 
less, may be allocated from storage authorized for other purposes, or may be added to the 
project to serve as storage for M&I at the discretion of the Commander, USACE; smaller 
reallocations may be delegated to Major Subordinate Commands (MSC) and districts.  
Section 322 of Public Law 101-640, the Water Resources Development Act of 1990, 
gives the Assistant Secretary of the Army for Civil Works, the discretion to authorize a 
lower price for low income communities.   
 
 f. Program Title: Interim use of M&I Water Supply Storage for Irrigation 
Statute: Section 931 of Public Law 99-662, the 1986 Water Resources Development Act 
of 1985, as amended. 
Description: The Secretary of the Army many, for an interim period, reallocate for 
irrigation storage intended for municipal and industrial water supply if that storage is not 
under a repayment agreement. 
Triggering Event or Circumstance: This authority allows temporary use of Corps 
reservoir space to store water for irrigation, and  may help farmers obtain irrigation water 
during droughts. 
Limitations: The cost to the non-Federal sponsor under Section 931 agreements will be 
35 percent of the original project investment cost (including any accrued interest after the 
10-year interest free period) allocated to M&I water supply (for the block of storage to be 
used for irrigation as determined by the Use of Facilities cost allocation method).  The 
non-Federal sponsor will also be responsible for 100 percent of the operation and 
maintenance, repair, replacement, rehabilitation, and reconstruction costs allocated to the 
storage space being placed under the repayment agreement.  The term of the agreement 
for this interim use will not exceed five (5) years. An option for incremental five-year 
extensions is allowed but only if recalculations for the annual costs are performed at the 
end of each five-year increment. 
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 g. Program Title: Drought Contingency Plans for Corps Reservoirs 
Statute: Not required by law; it is policy and is part of the operation of Corps reservoir 
projects 
Description: Plans for the release of water from Corps reservoirs during drought.  
Engineer Regulation 1110-2-1941, dated 15 September 1981 requires a Drought 
Contingency Plan (DCP) be developed and implemented as part of overall water control 
management responsibilities.  Guidance for developing and updating DCP’s is contained 
in Engineer Technical Letter 1110-2-335, dated 1 April 1993.    These plans are an 
important part of the operational guidance for all Corps water control projects with the 
potential for providing useful service during times of drought.  These contingency plans 
are developed on regional, basin-wide and project bases.  Coordination with appropriate 
state and Federal interests in the development or revision of reservoir regulation manuals 
is not only part of policy but is required by Section 310(b) of Public Law 101-640, the 
Water Resources Development Act of 1990.     
Triggering Event or Circumstance: There is a drought contingency plan for each Corps 
reservoir that has information that may be useful to those relying on water in or release 
from Corps reservoirs during droughts. 
Limitations: The amount of water is limited and impacts on other project purposes must 
be considered. 
 


3.3 Points/Issues for Corps Response to Drought 


• Corps has a significant, but not dominant role as part of the overall national response 
to droughts and drought management, especially agricultural and small business 
loans, grants and other types of financial aid. Department of Agriculture has principal 
responsibility for farm aid, disaster assistance program, while FEMA coordinates 
other disaster relief assistance. The Corps supplies water rather than money. 


 
• Corps’ role will “kick in” when/if drought passes from agricultural drought (less rain, 


high temperatures) to hydrologic drought (low streamflow), and when municipalities 
begin to face severe strategies. 


 
• Minor Corps assistance could come through making water deliveries to replace 


contaminated sources of community water and through emergency well construction 
in areas determined to be drought distressed.  


 
• When and if drought intensifies in certain regions (northeast, northwest, e.g.), then 


the Corps would need to play greater role in managing declining water storage and 
maintaining instream flows, water control centers (e.g. Ohio River Basin, Columbia 
River should be on alert). 


 
• Corps is most experienced at planning, coordinating and operating water management 


systems and emergency assistance, but the current stage of drought management does 
not require direct Corps assistance. Corps’ role is primarily in the development of 
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long range water supplies, working with communities to develop drought contingency 
plans, and through the implementation of reservoir drought contingency plans.  


 
• Nevertheless, Corps should be visible and engaged in all drought-related forums: 


nationally, regionally and locally. 
 
• One of the major impediments brought up by WGA / WDCC (Western Governors 


Assoc. / Western Drought Coordination Commission), is Corps inflexibility in 
providing permits for emergency withdrawals from lakes, streams. Corps regulatory 
permit decision making, backed by the Environmental Protection Agency is viewed 
as being biased toward the environmental protection issues. Contributes to delays in 
decision making.  


 
• Regional integrated water resources management, and in particular urban watershed 


M&I water supply issues is a necessary next phase of national/regional water 
planning. Corps should begin preparing for lead role. 


 
• For the Northeastern region of the United Stages, the Corps still technically has the 


NEWS authority (Northeastern US Water Supply) on the books. (PL 89-298).  
Comparable regional authorities for other regions of the country for urban water 
supply/ integrated water resources system planning, design and construction 
authorities may be desirable. 


 


3.4 Components of a Corps Action Agenda  
Long Term   
 
• Advocate reorganization of “urban environmental infrastructure” study authorities 


into a comprehensive, integrated water resources management program for urbanizing 
watersheds. 


 
• Advocate national “Water Demand and Availability Study” to be conducted under 


WRDA 86 authority. (Section 707- Capital Investment needs for Water Resources 
and Section 729- Water Resources Needs of River Basins). (IWR developed a POS 
for study for the Assistant Secretary of the Army for Civil Works in 1995.) 


  
• Develop rationale for greater authority for integrated water management at river 


basin/division level. 
- Water supply problems extend beyond the boundaries of individual urban areas. 
- Regional solutions offer economies of scale and operate efficiently with less 


environmental impact. 
- Avoiding environmental impacts can justify greater Federal cost shares, etc. 


 
• Expend NEWS single purpose water supply authority to all of the United States and 


pursue a regional study in each Corps division. 
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• Align Corps regulatory permit evaluation of municipal water supply requirements 
with accepted analytical/planning practices. Corps permits for municipal water supply 
are site-specific/ project-specific, and are not normally part of a regional water supply 
plan.  


 
• Legislatively modify the 1958 WSA so storage can be reallocated for irrigation and 


not for just municipal and industrial purpose. 
 
• Inform the Office of Management and Budget that reallocation opportunities at 


existing Corps reservoir projects are cost effective, environmentally sound and a 
national benefit by adding moneys to the United States Treasury.   


 
Operational 
  
• Activate review of Corps Drought Contingency Plans at Corps reservoirs. 
 
• Engage staff at water control centers to be available for interagency task groups, 


update information, collaborate with NWS. 
 
• Identify existing authorized Recon/Feasibility studies that can be converted to 


integrated water management studies-focus on urban/urbanizing watersheds with 
complex water delivery problems. 


 
Tactical 
 
• Provide more flexibility to MSCs for delegation of authority of reallocation of storage 


for water supply. 
 
• Get actively involved in local/regional/national interagency task groups devoted to 


drought management. Show Corps presence, understand niche we serve. 
 
• Promote education of Corps employees with latest materials available (reports, 


websites, etc). Activate PAOs in each district. 
 
• Develop Corps HQ website for Drought-related issues, which can be used by public, 


interest groups etc. 
 
Emergency  
 
• Mobilize/prepare emergency capabilities of Corps in event of need: 
 


PL 84-99 (Sec 82, PL 93-251 amended) 
Water deliveries to replace contaminated sources of community water. 
 
PL 84-99 (amended by PL 95-51) 
Construction of wells / transport of water to farmers, ranches. 
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 Section 6, Flood Control Act of 1944 
 Sell surplus storage in Corps reservoirs (drought contingency). 
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Forward: Findings, Recommendations, Acknowledgements 


 
Findings 


 
• Warmer temperatures in the West are causing observable changes in the hydrologic cycle.  


Snowmelt is occurring earlier in the spring.  The fraction of annual runoff occurring in winter 
is increasing, while the fraction occurring in late spring and summer is decreasing. 


• With more rain and less snow in winter, more flood storage space may be needed in winter.  
The earlier snowmelt may make it necessary to start the spring refill earlier to ensure a full 
reservoir for summer water supply.  Higher temperatures and less runoff in summer increase 
the need for full water supply storage before summer. 


• The Corps’ Sacramento District is simulating the performance of reservoir operations for 
three reservoirs in California (Shasta, Oroville, and New Bullards Bar Reservoirs).  The 
simulations use downscaled precipitation and temperature data from global climate models as 
input to the rainfall-runoff model of the National Weather Service California-Nevada River 
Forecast Center.  The runoff is used as inflow to the Corps Reservoir System Simulation 
(HEC-RESSIM) model. Current reservoir operating plans were used in the simulations.   
Climate scenarios using various temperature increases showed potential flooding problems at 
New Bullards Bar Dam and water supply problems at Shasta, while operations at Oroville 
did not have major problems. 


 
Recommendations 


 
The following recommendations were compiled from comments made by water managers from 
Federal, state, and local agencies and the private sector at two workshops in spring 2007 and 
from later discussions with the Western States Water Council and Federal agencies.  They do not 
represent the position of the U.S. Army Corps of Engineers (Corps) or any other Federal agency. 
 
• Sufficient funds should be appropriated to conduct a portfolio assessment of Corps projects 


that would evaluate the performance of the project given current conditions and determine 
the vulnerability of projects to changing conditions such as those caused by global warming.   


• The Corps should begin a systematic updating of reservoir operating plans and drought 
contingency plans and adequate funding should be appropriated for this effort.  Operating 
plans should be adaptable to a changing climate. 


• Water managers stressed the need to build flexibility into operations so they can be adapted 
to a changing climate.  The objective is to have the ability to revise operations based on new 
information without going through a time-consuming Environmental Impact Statement each 
time a change is needed.  This flexibility would require initially completing an EIS for a 
range of possible future climate scenarios. 


• Recommendations should be made on reallocating storage and modifying structures when 
necessary based on the initial appraisals of project performance and vulnerability.   


• Better monitoring of snow and water conditions is needed.  More instrumentation would lead 
to a better understanding of current snow conditions.  Knowledge of current snow conditions 
allows adjustments in reservoir operations in real time. Use of remote sensing of snow cover 
and snow water content should be explored.   
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• Forecasts can be improved on multiple timescales and more research needs to be done on 
incorporating forecasts into reservoir operations.  Better forecasts and their use in operations 
could allow for evacuation of reservoirs in anticipation of a major rainfall event but maintain 
less flood storage if major floods are not forecast.  The use of seasonal and interannual 
forecasts in reservoir operations should also be evaluated.  Flood storage could be adjusted 
based on the forecast of a dry, normal, or wet year.   
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Climate Change and Reservoir Rule Curves 


1 Introduction 


In June 2006, the Western Governors Association (WGA) and the Western States Water 
Council (WSWC) released the report titled “Water Needs and Strategies for a Sustainable 
Future.” The report listed climate change as one of the challenges facing the Western States.  The 
report noted that warming temperatures threaten to reduce the snowpack that provides a 
significant amount of water storage in the West.  The report contained the following 
recommendation regarding climate change. “While recognizing the uncertainties inherent in 
climate prediction, efforts should be made to focus on vulnerabilities and building increased 
resiliency to climatic extremes.”  An objective of the Corps Western States Watershed Study is 
to help implement some of the recommendations of the WGA / WSWC report.   


The Corps study undertook the following task to evaluate ways to reduce vulnerabilities 
to future hydrologic extremes based on the Corps’ role in flood operations in the Western States:  


The Corps will systematically and strategically examine the extent of changes in 
Corps flood control rule curves that would be needed to mitigate the loss of snow- 
pack storage throughout the West. Working with the Western States Water 
Council (WSWC), the Corps will select a representative set of reservoirs in areas 
expected to be most affected by declining snowpacks and will develop a 
methodology for formulating revised rule curves and for estimating associated 
water supply impacts.  The Corps will work with WSWC member states and with 
the BOR in application of the revised rule curves in reservoir operations models 
commonly used by agencies owning the reservoirs.    
 


Three reservoirs in California were chosen for the pilot study; the Shasta, Oroville, and New 
Bullards Bar Reservoirs.    


This report is organized as follows.  Section 2 discusses studies showing recent trends in 
snowpack in California and projections for the future.  The State of California’s activities dealing 
with climate change are described in Section 3.  Two workshops for California water managers 
were sponsored in spring 2007 and are summarized in Section 4.  The three reservoirs used in the 
pilot study are described in Section 5.  Study methodology is described in Section 6.  Section 7 
contains the results of the study.  Section 8 summarizes the Corps’ strategic plan and conclusions 
and recommendations are provided in Section 9.   


2 Background: Climate Change in the West 


In their Fourth Assessment Report (AR4), the Intergovernmental Panel on Climate 
Change (IPCC) reported that global mean surface temperatures have risen by 0.74°C over the 
last 100 years (1906–2005) and the rate of warming over the last 50 years is about 1.3°C per 
century (Trenberth et al., 2007).  Temperatures in the Western United States have also been 
rising over the past century. Figure 1 compares the observed annual surface air temperatures in 
10 Western States along with average global temperatures.  Although there is large interannual 
variation, temperatures in the last two decades have been warm.   
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Figure 1: Observed annual surface air temperatures in the West compared with global 
temperatures (Dettinger, 2007). 


The higher temperatures have already caused observable changes in the water cycle in the 
West.  Streamflow timing has changed in the West.  More flow is occurring earlier in the spring 
and less flow during the spring and summer months.  Various measures are available to evaluate 
how streamflow timing may have shifted.  The fraction of annual streamflow that occurs in the  
spring and summer seasons has been decreasing (Dettinger and Cayan, 1995).  Figure 2 shows 
the fraction of the October through September water-year total streamflow that occurred during 
the months of April to July for eight river basins in the western Sierra Nevada of California.  The 
solid line shows a declining linear trend since 1945. 


 
Figure 2: Fraction of streamflow that occurs during the months of April to July for eight river 
basins in the western Sierra Nevada of California, expressed as a fraction of the October through 
September water-year total streamflow. Dots indicate yearly values, blue curve is 9-year moving 
averages, dashed line is linear trend prior to 1945, and solid line is trend after 1945 (USGS 
2005). 


The spring pulse is the day of the year when wintertime low-flow conditions rapidly 
transition to springtime high-flow conditions with the onset of warm-season snowmelt.  This date 
can be used to indicate the timing of snowmelt and the divide between winter and spring 
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conditions (Cayan et al., 2001).  Figure 3a shows the yearly trends in the onset of snowmelt.  For 
much of the Sierra Nevada region, the onset date is over 15 days earlier.   


Another measure of streamflow timing is the date of the center of volume in each year's 
hydrograph.  The center-of-volume date is the date by which roughly half of the streamflow for a 
year has passed (Stewart et al., 2004).   Figure 3b shows a generally earlier occurrence of the 
center of volume in western North America.  These three measures of streamflow timing all 
indicate that snowmelt runoff is occurring earlier and the percentage of flow that occurs in late 
spring and early summer has declined.  


 
Figure 3: Trends in (a) yearly dates of spring snowmelt onset and (b) centers of volume of yearly 
streamflow hydrographs in rivers throughout North America (USGS, 2005). 


Figure 4 shows another way to look at the shift in streamflow timing.  The decade-
averaged percentage of average annual discharge that occurs in each month is shown for the 
decade of the 1950s and the decade of the 1990s (Dettinger, 2007) for the North Fork of the 
American River in the Sierra Nevada.  During the 1950s, the peak streamflow occurred in the 
spring (April-July).  During the 1990s, there are two peaks, an earlier peak in March and a 
smaller peak in winter. 
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The trends are strongest at lower elevations (McCabe and Clark, 2005; Regonda et al., 
2005). Changes in streamflow timing are the result of higher winter and spring temperatures in 
the region.   Warming temperatures could be the result of decadal climate patterns (Aguado et al, 
1995), but the trends are also consistent with projections of impacts due to global warming 
caused by higher concentrations of greenhouse gases.   The warming temperature trend spans 
various decadal-scale Pacific climate modes (Stewart et al., 2005) indicating that the trend is not 
only caused by decadal climate variability. 


 
Figure 4: Percentage of average annual discharge throughout the year for the 1950s and 1990s 
(Dettinger, 2007). 


The trends are expected to continue, since the West is projected to warm further in the 
future.  A number of studies have examined the impact of climate change on California water 
resources since 1990 (Lettenmaier and Gan, 1990; Gleick and Chalecki, 1999; Carpenter and 
Georgakakos, 2001; Yao and Georgakakos, 2001; Lund et al., 2003; Miller et al., 2003; Brekke 
et al., 2004; VanRheenen et al., 2004; Stewart et al., 2004).  Projections of future climate show 
continuing warming temperatures, although the amount of warming varies by the Global Climate 
Model used in the study.  Future precipitation also varied by GCM, but some conclusions were 
common among the studies.  The ratio of rain to snow increases; snowmelt occurs earlier in the 
spring; the fraction of annual runoff occurring in winter increases, while the fraction occurring in 
late spring and summer decreases. 


3 California’s Climate Change Initiatives 


California Executive Order S-3-05 was signed by Governor Schwarzenegger in June 
2005.  The order states that California is particularly vulnerable to the impacts of climate change 
and that increased temperatures threaten to greatly reduce the Sierra snowpack, one of the State’s 
primary sources of water.  In addition to establishing greenhouse gas emission reduction targets, 
the order directs the Secretary of the California Environmental Protection Agency to “report to 
the Governor and the State Legislature by January 2006 and biannually thereafter on the impacts 
to California of global warming, including impacts to water supply, public health, agriculture, 
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the coastline, and forestry, and shall prepare and report on mitigation and adaptation plans to 
combat these impacts.” 


The California Department of Water Resources (CA DWR) and the BOR formed a work 
team to support the executive order and assess the impacts of climate change on the state's water 
resources.  A major concern was to assess the risk for the State Water Project (SWP) and the 
Central Valley Project (CVP).  The team released a technical memorandum report in July 2006 
(CA DWR, 2006).   


The California studies used two Global Climate Models (GCMs) and two future emission 
scenarios for their study.  The GCMs are from the Geophysical Fluid Dynamics Laboratory 
(GFDL) and the Parallel Climate Model (PCM) from the Center for Atmospheric Research.  The 
two emission scenarios were the IPCC A2 and B1 scenarios.  The A2 scenario assumes higher 
population growth and significantly higher greenhouse gas emissions, while the B1 scenario 
assumes a lower level of population growth, more sustainable development policies, and the 
lowest level of future greenhouse gas emissions.  The Variable Infiltration Capacity (VIC) model 
was used to downscale the GCM output.  Daily variables were obtained by using the historical 
data that were perturbed by monthly VIC climate change data. 


The California study focused on four main areas: 1) State Water Project and Central 
Valley Project operations, 2) Delta water quality including increases in sea level, 3) flood 
management and water supply, and 4) changes in evapotranspiration rates and consumptive use 
of irrigation water.  SWP and CVP impacts were simulated using CALSIM, California's water 
resources management model.  In three of the four scenarios, there were significant shortages in 
the CVP north-of-Delta reservoirs during droughts.  The report observed:  


In response to climate change, California will need to search for physical, 
regulatory, and operational flexibilities in the SWP and CVP systems to maintain 
project delivery capabilities. With more runoff in the winter, there is likely to be a 
heightened conflict between the water supply and flood control uses of North-of-
Delta reservoirs. Better storm forecasting technology, allowing for earlier flood 
releases, or increased storage capacity could reduce the conflict (CA DWR, 
2006). 


Evaluating the potential tradeoff between winter flood storage and the need for water supply is 
one of the motivations for this pilot study.   


4 Workshops for California Water Managers 


The Corps Sacramento District hosted two workshops in spring 2007 to bring together 
California water managers to discuss climate change.  Attendees at the workshops are listed in 
the tables in the appendix.  One objective for the workshop was to evaluate how the current flood 
control diagrams would perform under climate change.  Was there enough flood storage space 
during winter?  If winter flood-storage space was increased, what were the implications for water 
supply?  Are there opportunities to make reservoir rule curves more adaptive? Aims of the 
workshop were to start thinking about what climate change means to California reservoir rule 
curves, to assess the science of climate change, and to start a dialog among water managers. 
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The first workshop presented the expected climate changes in California.  As 
temperatures warm, there may be more rain and less snow in winter and the snowpack may melt 
earlier in the spring.  More storage space may be needed in winter for flood storage.  It may also 
be necessary to start the spring refill earlier to ensure a full reservoir for summer water supply.   


Another topic was how the BOR would use future climate information in planning.  An 
ensemble of scenarios were used to fit projection distribution functions (PDF).  The method 
assumed that the quality of the 20th century simulation indicates the credibility of the 21st 
century projection.  The method then used different metrics based on simulation of local and 
global teleconnections that were important to California.  The difference between the model 
simulation and the 1950-1999 reference conditions was calculated.  Models that were more 
credible in reproducing reference conditions were given greater weights.  The goal of developing 
projection distribution functions is to inform the risk assessment of climate impacts. 


The workshop discussion emphasized the need to monitor snow and adapt reservoir 
management to snow conditions.  Many of the California reservoir rule curves are based on 
observed snow conditions.  More instrumentation would lead to a better understanding of current 
snow conditions.  In addition, the use of remote sensing of snow cover and snow water content 
could be an option in the future.  In addition to snow monitoring, further research could be 
conducted on developing better forecasts and incorporating the forecasts into reservoir 
operations.  The use of better forecasts in operations could allow for evacuation of reservoirs in 
anticipation of a major rainfall event but maintain less flood storage if major floods are not 
forecast.  One view of ensembles of streamflow predictions was that it was useful to see a wide 
range of possible flows so operators could build flexibility into their operations. 


At the second workshop, the Turlock Irrigation District (TID) discussed a climate change 
simulation that they conducted.  TID overlaid a 5°F temperature increase on a historical time 
series of temperature and precipitation.  A real-time water management model for the Tuolumne 
River Basin was used to evaluate runoff and perform operations sensitivity analyses. The results 
showed the spring runoff peak moving about one month earlier with some increase in the peak 
runoff flow.  Due to the continuing possibility of spring floods, a reduction in spring flood 
storage space did not seem advisable.  In addition, the channel capacity below Don Pedro is very 
restrictive, so there may be the ability to make flood operations more adaptive may be very 
limited.  


Another topic addressed at the second workshop was when it is appropriate for a water 
control manual to be modified.  Suggestions included 1) when there are public safety concerns; 
2) when environmental mandates need to be implemented; 3)when there is a change in 
authorization; and 4) when there are changes in hydrology.  The amount of  modification 
depends on the original Congressional authorization.  Some major changes in rule curves could 
require Congressional re-authorization.  Several examples of water control manual changes were 
given.  In the Seattle District, operations at Mud Mountain Dam were modified to reduce the 
downstream target from 12,000 cfs to 8,000 cfs.  The change did not require Congressional re-
authorization.  The change did require an Environmental Impact Statement (EIS).  An example 
of a change to meet an environmental mandate is Chief Joseph Dam.  Due to gas toxicity to fish, 
a mandate was issued to install flow deflectors on the spillway. The change required an update to 
the water control manual.  The amount of spill increased, hydropower production at Chief Joseph 
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was reduced, but hydropower production at Grand Coulee increased.  At Howard Hanson Dam, 
the capacity for water supply was increased while also adding downstream fish passage.   


There was some discussion of the legal aspects of reservoir operations.  The dam operator 
is liable for downstream damages caused by imprudent operations.  Operators should therefore 
use the best available science.  The legal standard is “What is the evidence that the dam operator 
followed the best possible operations?”  There was also discussion of the Corps role.  The 
Sacramento District legal opinion is that the authorization legislation indicates the elevation of 
the top and bottom available for flood storage.  If appropriate, authorization permits the flood 
storage space to be evacuated year round, but generally the storage is allocated among multiple 
objectives.  The authorized storage limits give the maximum available flood storage. Less flood 
storage can be used, but not more.    


Some interim conclusions from the meetings were expressed.  The long-range goal 
should be to begin a dynamic, transparent process for updating rule curves.  A systems 
perspective should be employed that considers all objectives and integrates all operations.  
However, it was noted that the current knowledge on climate change and variability may not be 
specific enough to adequately evaluate flood rule curves.  The goal of the pilot study is to look at 
the flood rule curves for three reservoirs in more detail. 


5 Pilot Study Reservoir Descriptions 


The pilot study will use three reservoirs in California (Shasta Reservoir operated by the 
BOR, Oroville Reservoir operated by the State of California, and New Bullards Bar Reservoir 
operated by the Yuba County Water Agency).  The locations of the reservoirs are shown in 
Figure 5.  Shasta is on the Sacramento River, Oroville is on the Feather River, and New Bullards 
Bar is in the Yuba River basin. Figures 6, 7, and 8 are more detailed maps showing topography 
of the three basins.  Much of all three basins lie between 5,000 and 6,500 feet, an elevation range 
that is susceptible to changes in precipitation from snow to rain due to slight increases in 
temperature.  The proportion of the basins in this elevation range is 34 percent for Shasta, 50 
percent for Oroville, and 33 percent for New Bullards Bar. 
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Figure 5: Location of major river basins in California. 


 
Figure 6: Basin for Shasta; darker color shows elevations between 5,000 and 6,500 feet. 
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Figure 7: Basin for Oroville; darker color shows elevations between 5,000 and 6,500 feet. 


 
Figure 8: Basin for New Bullards Bar; darker color shows elevations between 5,000 and 6,500 
feet. 


Although these reservoirs are owned and operated by other agencies, the Corps is 
responsible for operating flood storage space.  The Flood Control Act of 1944 directs the 
Secretary of the Army to “prescribe regulations for the use of storage allocated for flood control 
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or navigation at all reservoirs constructed wholly or in part with Federal funds provided on the 
basis of such purposes, and the operation of any such project shall be in accordance with such 
regulations.”  The regulations describing the responsibilities of the Corps for storage allocated to 
flood control is given in the Code of Federal Regulations, Title 33, Part 208.11 (33CFR208.11). 


The Corps may temporarily prescribe regulation of flood control storage space during 
emergencies that affect flood control.  The Corps is also supposed to prepare a water control 
diagram for projects with variable flood storage space throughout the year.  Table 1 shows the 
authorized purposes for each project as a function of the storage and elevation in the reservoir as 
given in 33 CFR 208.11. Table 1 also shows the elevation and storage levels for authorized flood 
storage. The project owner is responsible for the safety of the dam and for operations when the 
water level is in surcharge storage.    


Table 1: Project purposes for storage and elevation levels from 33 CFR 208.11. 


Elevation limits 
feet M.S.L. Area in acres 


Project Name Project 
Purpose 


Storage 
1000 AF


Upper Lower Upper Lower 


 
Authorizing 
Legislation


New Bullards Bar 
Dam & Reservoir 


FEIMR 
EIMR 


170.0
790.9 


1956.0
1918.3 


1918.3
1447.5 


4809
4225 


4225  
129 


PL 89–298 


Oroville Dam & 
Lake 


FEIMAR 
EIMAR 


750.0
2788.0 


900.0
848.5 


848.5
210.0 


15800
13346 


13346 
0 


PL 85–500 


Shasta Dam Lake FEIA 
EIA 


1300.0
3241.0 


1067.0
1018.6 


1018.6
735.8 


29570
23894 


23894 
2200 


PL 75–392 


Project Purpose: F—Flood Control; N—Navigation; E—Non-Corps Hydropower; I—Irrigation; 
M—Municipal and/or Industrial Water Supply; A—Low Flow Augmentation or Pollution 
Abatement; R—Recreation. 


The reservoir operating manuals for the three reservoirs are over 30 years old.  The 
reservoir rule curves are shown in Figure 9, Figure 10, and Figure 11.  The rule curves are based 
on the historical records at the time.  The operating manuals were last revised in 1977 for Shasta 
and 1971 for Oroville.  New Bullards Bar has not been revised since the initial operations.  In all 
three reservoirs, water levels are reduced in early fall to prepare for the winter flood season.  
Both Shasta and Oroville have some flexibility in operations, since the flood space is chosen 
based on observed parameters.  For Oroville, several curves for flood storage space are chosen 
based on observed precipitation.  For Shasta, the spring inflow curves are chosen based on spring 
inflows.  New Bullards Bar has the least flexible operations, since it has a single curve for 
required flood control space. 
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Figure 9: Rule curve for Shasta. 
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Figure 10: Rule curve for Oroville. 
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Figure 11: Rule curve for New Bullards Bar. 


6 Methodology 


Many studies of climate change impacts use the output of one or several global climate 
models (GCM) to project future climate.  GCM temperature and precipitation output and 
historical records are used as input to a hydrologic model to derive streamflow.  If the river is a 
managed system with reservoirs, a water management or optimization model may be used to 
model reservoir operating rules.  Figure 12 is a schematic of this methodology. 


 


Global 
Climate 
Models Basin 


Rainfall-
Runoff 
Model Water 


Resources 
Management 
Models


Projected 
Temperature and 


Precipitation
Projected 


River Flows


Performance 
Measures


 
Figure 12: Schematic for climate change impact studies for water resources. 


Eleven Global Climate Models were available for the pilot study.  Two emission 
scenarios were also available.  The models are shown in Table 2.  Temperature and precipitation 
projections were obtained from each model and emission scenario.  The data were downscaled 
from the GCM grid cells and bias corrected.  Due to time constraints, temperature and 


16 







 


precipitation data were not run individually from each GCM.  Instead, three different 
temperature increases were simulated: 0.8° F, 1.8° F, and 2.5° F.  These values represent the 10-
percent, average, and 90-percent points of the distribution of the lumped data from the GCMs.   


The California-Nevada River Forecast Center (CNRFC) National Weather Service River 
Forecast System (NWS-RFS) software was used for rainfall-runoff modeling.  The NWS-RFS 
uses Sacramento Soil Moisture Accounting for rainfall-runoff modeling and the HYDRO-17 
Snow Model for snowmelt modeling (NWS, undated).  The model runs at a six-hour time step.  
The model was run with the perturbed temperature and precipitation time series data to produce 
river inflow to the reservoirs.  


Table 2: Global climate models used in the pilot study. 


ID Originating Group(s) Country 
CNRM-CM3 Météo-France / Centre National de Recherches 


Météorologiques 
France 


CSIRO-Mk3.0 CSIRO (Commonwealth Scientific and Industrial 
Research Organisation) Atmospheric Research 


Australia 


GFDL-CM2.0 NOAA / Geophysical Fluid Dynamics Laboratory USA 
GISS-ER NASA / Goddard Institute for Space Studies USA 


INM-CM 3.0 Institute for Numerical Mathematics Russia 
IPSL-CM4 Institut Pierre Simon Laplace France 


MIROC 3.2(medres) Center for Climate System Research (The University 
of Tokyo), National Institute for Environmental 
Studies, and Frontier Research Center for Global 
Change (JAMSTEC) 


Japan 


MPI-ECHAM5 Max Planck Institute for Meteorology Germany 
MRI-CGCM 2.3.2 Meteorological Research Institute Japan 


PCM1 National Center for Atmospheric Research USA 
UKMO-HadCM3 Hadley Centre for Climate Prediction and Research / 


Met Office 
UK 


 


The Hydrologic Engineering Center’s Reservoir System Simulation program, HEC-
ResSim, will be used to simulate reservoir operations.  ResSim uses a rule-based description of 
operational goals and constraints that reservoir operators consider when making release decisions 
(HEC, http://www.hec.usace.army.mil/software/hec%2Dressim/features.html).  The model will 
be run using the projected inflows to evaluate how the current operating rules will perform under 
simulated climate.  Alternative reservoir operating rules will be considered and tested.  These 
may include more flood storage during the winter and earlier spring fill. 
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7 Results 


Simulations were run for the four different temperatures (observed temperature and 
increases of 0.8° F, 1.8° F, and 2.5° F) and four precipitation scenarios (observed precipitation 
and the 10-percent, average, and 90-percent points of the distribution of lumped data from the 
GCMs). Current reservoir operating rules were used for the simulations.   


For the 16 scenarios, Shasta and Oroville never overtopped, but New Bullards Bar Dam 
was less robust for flooding.  Figure 13 shows the period of record from 1961 through 1999 for 
New Bullards Bar Dam using the climate scenario of a 2.5° F temperature increase and observed 
precipitation.  The lower figure shows inflows and outflows while the upper figure shows 
reservoir elevation levels.  Major floods occurred in December 1964/January 1965 and 
December 1996/January 1997.  Figure 14 shows one simulation for New Bullards Bar Dam for 
December 1964/January 1965 using the scenario with a temperature increase of 0.8° F and a 
precipitation increase of 16.8 percent.  Overtopping occurs on December 23. 


On the water supply side, Shasta was drawn down during drought years under warming 
climate scenarios.  Figure 15 shows inflows and outflows for Shasta using a climate scenario 
with a 1.8° F temperature increase and observed precipitation.  The upper part of Figure 15 
shows reservoir levels.  In both 1977 and 1993, Shasta was drawn down to the inactive pool. 
Higher temperature increases under warming scenarios made the problem worse.  


On the other hand, operations at Oroville were fairly robust under the various climate 
change scenarios.  Figure 16 shows one simulation for Oroville using a climate scenario with a 
2.5° F temperature increase and observed precipitation.







 


 
Figure 13: Lower figure shows inflows and outflows for New Bullards Bar using a climate scenario of a 2.5° F temperature increase 
and observed precipitation; upper figure shows reservoir elevation levels. 
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Figure 14: Simulation results for New Bullards Bar for the December 1964/January 1965 flood using a scenario of a temperature 
increase of 0.8° F and a precipitation increase of 16.8 percent. 
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Figure 15: Lower figure shows inflows and outflows for Shasta using a climate scenario of a 1.8° F temperature increase and observed 
precipitation; upper figure shows reservoir levels. 
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Figure 16: Lower figure shows inflows and outflows for Oroville using a climate scenario of a 2.5° F temperature increase and 
observed precipitation; upper figure shows reservoir levels.


 







 


8 Strategic Plan for Western Reservoirs and Climate Change 


Reassessment of Reservoir Operations 


Many existing projects were designed decades ago on the basis of a short hydrologic 
record.  The short record may no longer be reflective of post-project hydrologic conditions.  
There is evidence that climate in the West is warming and the warming is having observable 
impacts on the hydrologic cycle.  In the Western United States, there has been a trend in the 
timing of snow melt, related to warmer temperatures. The trend is likely to continue since global 
temperatures are increasing.  Demographic trends in the West also increase demand for water 
supply.  Project design criteria may also need to be updated.  It is prudent now for the Corps to 
re-evaluate its projects to determine if they are being operated in the best possible manner.    


The Corps recognizes that reservoir operating plans should be updated due to changes in 
hydrologic conditions.  The Engineer Manual for Management of Water Control Systems 
acknowledges that many water control manuals are out of date. 


The water control plans and manuals for many projects that have been in 
operation for several years are out of date, and there is a need to revise them to be 
applicable to current conditions. Also, delays in revision often results from budget 
and manpower constraints, and the high proficiency of water control managers in 
performing their duties; i.e., management often decides it can get by without 
updating the documents and, consequently, assigns this task a very low priority. 
Continual vigilance by responsible water control managers is required to 
overcome this unfortunate dilemma (USACE, 1987).   


There has been a lack of funding for consistent, periodic updating of reservoir operating plans 
and drought contingency plans. 


The Corps has the authority to re-evaluate reservoir operations.  Section 216 of the River 
and Harbor Act and Flood Control Act of 1970 gives the Corps authority to re-evaluate projects 
that the Corps has constructed.  


The Secretary of the Army, acting through the Chief of Engineers, is authorized to 
review the operation of projects the construction of which has been completed and 
which were constructed by the Corps in the interest of navigation, flood control, 
water supply, and related purposes, when found advisable due to the significantly 
changed physical or economic conditions, and to report thereon to Congress with 
recommendations on the advisability of modifying the structures or their 
operation, and for improving the quality of the environment in the overall public 
interest. 


Although the Corps has the authority, they usually lack appropriations to re-assess 
reservoirs on a systematic basis.  Owners of projects where the Corps has responsibility for flood 
operations are beginning to evaluate their projects to determine if they meet current needs and if 
they are vulnerable to climate change.  It is important that the Corps find the resources to work 
with them.   
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Strategic Plan for Reservoir Reassessment in the West 


The Corps can employ various levels of effort in developing an adaptation strategy 
toward climate change.  The first level could be an evaluation of each project’s vulnerability to 
the impacts of climate change.  Existing multipurpose projects can be assessed as a screening 
tool to identify the best candidates for opportunities for operational changes and/or reallocation 
opportunities.  A “Portfolio Assessment for Reallocations” has been funded for fiscal years 2008 
and 2009 to conduct such an appraisal, but the current funding is modest.  The justification of the 
portfolio assessment shows the objectives of such an appraisal: 


The study would be used as a screening tool to examine more productive ways to 
operate the reservoirs and to use the storage in the best possible manner in 
recognition of potential changes flowing from global warming as new evidence, 
new science, or better understanding of these changes are determined as well as 
an increase in appreciation of environmental values since the projects were 
constructed, many of them decades ago.  The study will also enable the Corps to 
determine the feasibility of alternate funding arrangements.  Where opportunities 
are identified, specifically funded follow-up studies will be proposed for the 
particular watershed, system of projects or project.   


One product of an appraisal is to update the hydrology for each reservoir, including 
evaluating each reservoir’s vulnerability to climate change and other changes.  Its vulnerability 
will depend on various factors, such as the percentage of precipitation falling as snow and the 
elevation of the basin.  The appraisal should also assess the performance of the project given 
current hydrology and other factors such as current land use and demographics.  The Corps 
Actions for Change initiative intends to systematically assess the vulnerability of Corps projects 
to changes such as climate change, but this effort has not been funded for fiscal year 2008.  The 
California pilot study shows one approach to how climate change impacts can be initially 
assessed.   


The results of the initial appraisal can be used to determine the need for an update of each 
project’s operating plans and the need for reallocation studies.  The next level of study would be 
to revise the reservoir operating plan.  This effort would likely require an Environmental Impact 
Statement (EIS) for major changes and would be more costly.  Each project requires a drought 
contingency plan, and these should be updated also.  Drought contingency plans should consider 
climate change and the paleoclimate record for planning purposes in order to evaluate plans 
under a wider range of hydrologic variability.   


At the California workshops, water managers stressed the need to build flexibility into 
operations so they can be adapted to a changing climate.  The objective is to have the ability to 
revise operations based on new information without going through a time-consuming 
Environmental Impact Statement each time a change is needed.  This flexibility would require 
initially completing an EIS for a range of possible future climate scenarios.   


A comprehensive systems approach must be employed in updating reservoir operating 
manuals and in evaluating potential climate impacts.  A comprehensive systems approach 
ensures all affected impacts are examined across function, space, and time.  The approach would 
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require evaluating economic impacts across multiple objectives and different stakeholders.  
Individual projects should be considered as part of a system with other projects in the basin and 
for different periods in the future.  An example of the need for a systems approach is the 
proposal to use two-week forecasts to pre-release a flood to ensure adequate flood storage.  Such 
an approach depends on the channel capacity, and the channel capacity depends on the siting and 
integrity of the downstream levee system.   


The Corps would need to engage other Federal, state, and local agencies and other 
stakeholders.  The California pilot study is an example of this type of collaboration, where the 
Corps worked with the CD DWR, the BOR and the NWS-RFS Center and used their data and 
models.  This collaborative approach is beneficial in leveraging the scarce resources of the 
Federal agencies. 


The final level of a climate change adaptation strategy is to conduct reallocation studies if 
it is determined necessary to modify a project’s structures, authorities, or purposes.  Legislative 
changes would require the approval of Congress. 


Recommendations:  


Sufficient funds should be appropriated to conduct a portfolio assessment of Corps projects to 
evaluate the performance of the project given current conditions and to determine the 
vulnerability of projects to changing conditions such as those caused by global warming.   


The Corps should begin to systematically update reservoir operating plans and drought 
contingency plans and adequate funding should be appropriated for this effort.  Operating plans 
should be adaptable to a changing climate. 


Initial appraisals of project performance and vulnerability should be used to formulate 
recommendations on reallocating storage and modifying structures, when necessary. 


Revising Water Management Guidance 


The Corps manuals and regulations may need to be revised to incorporate climate 
projections in formulating reservoir operating plans.  The Engineer Manual for Management of 
Water Control Systems (EM1110-2-3600) states explicitly that drought planning is based on the 
historical period of record of streamflow: 


Determination of drought conditions, in relation to the conditions of streamflow, 
is usually based on the most critically severe sequence of low water conditions as 
determined from the historical period of record of streamflow for a particular river 
system. Inasmuch as the period of record of streamflow data varies widely 
between river systems, this criterion does not yield a consistent measure of 
drought severity. Hydrologic low-flow analysis may be necessary to yield 
consistent probabilities of low water sequences (USACE, 1987).  


The Engineer Manual may be more flexible on how flood requirements are determined, since it 
allows “synthetically derived floods” if the historical period is insufficient:   
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The seasonal variation of the flood control requirements is determined by flood 
routing studies of floods of all magnitudes, distributed seasonally over the period 
of historic record. Synthetically derived floods may also be analyzed if the 
historical period of record is insufficient to provide an adequate sample of flood 
distributions. The seasonal guide curves (water control diagrams) that define the 
flood control storage space requirement are determined from these studies for 
each project or system of projects. These guide curves are drawn as enveloping 
lines of storage space required for the control of all historical floods as a function 
of the time of year, and they are usually drawn as straight lines on a monthly or 
seasonal basis. These curves represent the maximum allowable reservoir levels 
for which water may be stored for other multipurpose uses on a seasonal basis 
(USACE, 1987). 


The Corps Actions for Change effort will examine Corps’ guidelines and procedures to 
determine if they need revision to make the Corps more adaptable to climate changes. 


9 Recommendations 


Recommendations from Western Governors Association Report 


The Western Governors Association (WGA) report Water Needs and Strategies for a 
Sustainable Future included recommendations in the following areas: 


Data Collection  
Improved Prediction, Modeling, and Impact Assessment  
State Planning  
Ongoing Coordination and Information Sharing Between Scientists, Policy-


Makers, and Water Users 


Some of these recommendations are applicable to the Federal government and the Corps and are 
worth repeating here.   


The first recommendation was “the federal agencies must continue and expand funding 
for data collection networks and activities necessary for monitoring, assessing, and predicting 
future water supplies.”  This recommendation was affirmed by water managers at workshops.  
Another recommendation was research is needed “for improving the predictive capabilities for 
climate change, and assessment and mitigation of its impacts. Additionally, given the complex 
climatology in the West, it is important that climate change modeling be conducted at a much 
finer resolution, e.g. watersheds and subwatersheds.”   Another recommendation says there 
should be ongoing coordination and information sharing between scientists and water managers.  
The Corps conducted workshops in 2007 to implement collaboration between scientists and 
Corps managers.  This effort should continue and be more extensive and frequent. 


The final recommendation dealt with state planning, but the ideas are applicable to Corps 
planners and water managers as well.  These ideas include: (1) assess historical, current, and 
projected climate (and hydrologic) trends; (2) enhance reservoir management plans, flood plans, 
and drought plans to include climate change scenarios; (3) coordinate among the various levels 
of government concerning planning efforts; and (4) “evaluate and revise the legal framework for 


26 







 


water management to the extent allowable to ensure sufficient flexibility exists to anticipate and 
respond to climate change.”  Some legislation may be necessary to make reservoir operations 
more flexible and adaptable. 


Report Recommendations 


From the workshops and preliminary work, the following recommendations have been 
compiled: 


 Sufficient funds should be appropriated to conduct a portfolio assessment of Corps 
projects to evaluate the performance of the project given current conditions and to 
determine the vulnerability of projects to changing conditions such as those caused by 
global warming.   


 The Corps should begin to systematically update reservoir operating plans and drought 
contingency plans and adequate funding should be appropriated for this effort.  Operating 
plans should be adaptable to a changing climate. 


 Water managers stressed that flexibility needs to be built into operations to adapt to a 
changing climate.  The objective is to have the ability to revise operations based on new 
information without going through a time-consuming Environmental Impact Statement 
each time a change is needed.  This flexibility would require initially completing an EIS 
for a range of possible future climate scenarios. 


 Recommendations should be made on reallocating storage and modifying structures when 
necessary based on the initial appraisals of project performance and vulnerability.   


 Improvements should be made in monitoring snow and water conditions.  More 
instrumentation would lead to a better understanding of current snow conditions.  
Knowledge of current snow conditions allows adjustments in reservoir operations in real 
time. Use of remote sensing of snow cover and snow water content should be explored.   


 Forecasts can be improved on multiple timescales and more research needs to done on 
incorporating forecasts into reservoir operations.  Using better forecasts in operations 
could allow for evacuation of reservoirs in anticipation of a major rainfall event, while 
maintaining less flood storage if major floods are not forecast.  The use of seasonal and 
interannual forecasts in reservoir operations should also be evaluated.  Flood storage 
could be adjusted based on the forecast of a dry, normal, or wet year.   
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Appendix A 


Table A-1: Attendees at first workshop on climate change and reservoir operations on March 27, 
2007 


Last Name First Name Affiliation 
Anderson Michael DWR Flood Management Division 
Bardini Gary DWR Flood Management Division 
Brekke Levi Reclamation - Technical Service Center 
Buelna Antonio Reclamation - South Central California Area Office 
Fickenscher Pete NOAA/NWS/CNRFC 
Ford Mike DWR/O&M 
Fujitani Paul Reclamation - Central Valley Operations 
Grygier Jan PG&E 
Hackett Marcia Corps - Fort Worth 
Hanbali Fauwaz Corps - HEC 
Hartman Rob NOAA/NWS/CNRFC 
Haugen Steven Kings River Water Association 
Hinojosa Arthur DWR Flood Management Division 
Hirtzel Josh Merced Irrigation District 
Johnson Wayne Corps - Sacramento 
McGurk Bruce Hetch Hetchy W&P 
McPherson Matthew Corps - HEC 
Monier Wes Turlock Irrigation District 
Olsen Rolf Corps - IWR 
Peterson Amy Turlock Irrigation District 
Pope Dan Merced Irrigation District 
Rohwer Bill Reclamation - Mid-Pacific Region Planning Division 
Roos Maurice DWR Flood Management Division 
Sandberg Jeff Reclamation - Central Valley Operations 
Shahcheraghi Reza DWR 
Vaddey Seshu Corps - Seattle 
Yaworsky Russ Reclamation - Mid-Pacific Region Planning Division 
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Table A-2: Attendees at second workshop on climate change and reservoir operations on May 
24, 2007 


Last Name First Name Affiliation 
Aikens Curt Yuba County Water Agency 
Anderson Michael DWR Flood Management Division 
Bardini Gary DWR Flood Management Division 
Brekke Levi Reclamation - Technical Service Center 
Deering Mike Corps - HEC 
Dunn Chris Corps - HEC 
Ejeta Messele DWR Bay Delta Office, Modeling Support Branch 
Faber Beth Corps - HEC 
Ford Mike DWR Operations Control Office 
Hackett Marcia Corps - Fort Worth 
Hanbali Fauwaz Corps - HEC 
Hartman Rob NOAA/NWS/CNRFC 
Hinojosa Arthur DWR Flood Management Division 
Johnson Wayne Corps - Sacramento 
McGurk Bruce Hetch Hetchy W&P 
Monier Wes Turlock Irrigation District 
O'Conner Sarah Corps - HEC 
Olsen Rolf Corps - IWR 
Pope Dan Merced Irrigation District 
Raff David Reclamation - Technical Service Center 
Roos Maurice DWR Flood Management Division 
Sandberg Jeff Reclamation - Central Valley Operations 
Townsley Stu Corps - Sacramento 
Vaddey Seshu Corps - Seattle 
Weaver Jeffrey Yuba County Water Agency [Consultant] 
White Kathleen Corps - CRREL 
Yaworsky Russ Reclamation - Mid-Pacific Region Planning Division 
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Foreword 
 Shared Vision Planning (SVP) is an innovative, collaborative approach to solving 
water resources management issues. SVP integrates traditional water resources planning 
methods, structured public participation, and collaborative computer modeling into a 
multifaceted planning process. Shared Vision Planning is unique because it emphasizes 
public involvement in water resources management and the use of collectively developed 
computer models along with tried-and-true planning principles. SVP aims to improve the 
economic, environmental, and social outcomes of water management decisions. By 
involving stakeholders throughout the planning process, the Shared Vision Planning 
process can facilitate a common understanding of a natural resource system and help 
stakeholders reach a management consensus that satisfies multiple interests. 
 


Shared vision models are computer simulation models of natural resource systems 
that are built and used by all stakeholders. Technical analysts assist stakeholders in 
building the models, but stakeholders themselves can manipulate and evaluate the 
information. These models provide the technical rigor necessary in a successful planning 
process for identifying alternatives and tradeoffs in a manner where stakeholders without 
modeling experience can actively participate in the modeling process. 
 


The System-Wide Water Resources Program (SWWRP) Arc Geographic 
Information System (GIS) toolbar allows integration of information from multiple data 
sources and watershed tools into a single database. The Corps Globe is the Corps of 
Engineers Google Earth Server, currently providing imagery along with data collection 
locations for several national datasets and the ability to download the data collected at 
those locations. These data are freely available for any Corps partners and are provided 
"as-is" directly from the source. 


Summary 
This case study focused on the applicability of the Shared Vision Planning Model 


and GIS Data Management Tool in the Bear River Watershed. The case study 
investigated the utility of these tools, identified barriers to federal, state, and local 
collaboration, and showed how collaboration could be improved by using these and other 
tools.  Study results generated several recommendations focused on improving federal 
support of locally led watershed initiatives, engaging the Corps of Engineers (Corps) 
more effectively in future watershed initiatives, and facilitating understanding of the tools 
to be more usable and comprehensive to stakeholders. Results of this study were shared 
at the Corps of Engineers Planning Community of Practice Conference held in San 
Antonio, Texas in May 2008 and the Western States Water Council Quarterly Meeting 
held in July 2008. 
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Introduction 
 This case study was conducted in the Bear River Watershed located in the states 
of Utah, Wyoming, and Idaho. The transboundary nature of the watershed presented a 
unique opportunity for the Corps to engage three states and multiple jurisdictions and 
planning authorities in a case study focused on collaborative planning and technology 
transfer of resource tools. This study was funded through the Corps Western States 
Watershed Study, in direct support of the Western States Water Council 
(WSWC)/Western Governor’s Association (WGA) June 2006 Report, Water Needs and 
Strategies for a Sustainable Future. 
 
  The purposes of this case study were to: 1) identify the future potential utility of 
two watershed management tools in augmenting existing watershed management tools in 
the west; 2) investigate how these tools can initiate and improve interagency  and 
interstate collaboration in water resource planning and management; 3) identify barriers 
to federal/state/local collaboration, and 4) identify methods to improve collaboration. The 
results of this case study are intended to inform future watershed initiatives of the Corps 
of Engineers and their partners. 


 
The study purposes were adopted from Tasks 2D(3), and 2F(2) in the Proposed 


Scope of Work for Implementation of the WSWC/WGA June 2006 report, and the Corps 
and WSWC Shared Vision Partnership Agreement, respectively.  
 


Study methods included the introduction and application of the Shared Vision 
Planning Model and Geographic Information System (GIS) data management tools 
(SWWRP ArcGIS Toolbar and CorpsGlobe)) to the Bear River Watershed.  Plans were 
developed and data gathered over a four-month period. Information was exchanged and 
ideas were discussed between and among the federal, state, and local counterparts 
through presentations, conference calls, informal interviews, and meetings.  
Implementation and follow-up discussions continue on an as-needed basis, depending 
upon available resources and local interest. 


 
The results of this study were mixed but informative. Applying two separate, yet 


mutually reinforcing, tools to a representative watershed generated diverse outcomes.  
Although the Shared Vision Planning application was limited, this effort identified 
several barriers to federal/state collaboration and recommendations for improvement.  
The GIS data management tool was well received by local watershed managers. The 
results of this application also provided valuable insights into the overall utility of the 
tool for watershed management and collaboration.  
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Background 


Overview of Western States Watershed Study and Case Study 
This case study was conducted under the Western States Watershed Study 


(WSWS). The WSWS is authorized in Public Law 109-1031 and managed by the Corps. 
The two-year Study will culminate in a Report to Congress and contain integrated 
collaborative strategic plans to help support selected high-priority recommendations 
contained in the WGA/WSWC June 2006 report. 


Five study topics are being considered under the WSWS:  
 
1. Drought, Natural Hazards and Climate Change Preparedness 
2. Watershed Tools and Collaborative Planning 
3. Federal Resources and Collaboration Initiatives 
4. Infrastructure Needs 
5. Policies and Programs 


 
This case study was developed to address questions that arose under the topic of 


Watershed Tools and Collaborative Planning. Study results support the technical 
supplemental report to be prepared under this study topic. Results will also address the 
potential utility and data requirements of various watershed management tools and 
collaborative planning initiatives. 


Study Needs 
 Every conference of water management experts extols the benefits of integrated 
basinwide water management and collaboration but it has been difficult to implement this 
in practice. The desirability of integrated management is based on the simple fact that 
actions of water managers in one part of a basin may affect the decisions and plans of 
water managers elsewhere in the basin; in some cases, the best solutions for one set of 
stakeholders can only be achieved by working in concert with other stakeholders and 
managers in the basin. 
 
 In practice, water management is so fragmented that it is difficult to manage on 
the level of an entire basin. Water may be managed by the requirements of property law, 
contracts, government regulation, reservoir operating plans, markets, and judicial rulings. 
The water requirements of the system are driven by forces largely out of the control of 
water managers. These overlapping management interests occur at the federal, state, and 
other jurisdictional levels. In practice, the only real integration often occurs when 
independent decisions determine how much water is available and how that water should 
be distributed. 


                                                 
1 The study authorization directs the Secretary to conduct at “full federal expense, 
comprehensive analyses that examine multi-jurisdictional use and management of water 
resources on a watershed or regional scale.”  
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 Droughts expose weakness to stakeholders when it becomes obvious that an 
integrated plan that would allow all basin users to receive at least the minimum amount 
of water they need is not available. For example, when droughts affected most of the 
country in the late 1980s, technology had advanced to the point where water managers 
made the first attempts at integrating their actions using computers.  The Corps, working 
with experts throughout the country, developed and tested an approach called “shared 
vision planning.” As described in the Foreword, this approach essentially gathers 
decision makers, experts, and stakeholders in a basin to create a virtual model of the real 
basin. Managers can then work together to develop and test plans in this virtual basin 
(using the model) to see how they will affect the things stakeholders care about. 
 
 Computers have been used in water management since the late 1950s, but until 
the last decade computer models of water systems were too often “black boxes” that were 
mostly incomprehensible to all but the modeler. Often, multiple models developed for the 
same system produced different answers and did not really address the questions of 
decision makers and stakeholders.  Shared Vision Planning requires that experts, decision 
makers, and stakeholders all be involved in model development and results. Results must 
be accessible, trusted, and used. 
 
 Data collected for a watershed are often recorded in different formats and owned 
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Figure 1: Linking existing watershed information and tools to a decision support model used in an open and 
collaborative planning process. 







by different users and developers. Usually these data are not integrated or shared between 
the developers, managers, or users.  
 


The Corps developed a single computer program, configured to support access of 
both GIS tools and non-GIS data requests. This platform allows users within a basin to 
share data, while maintaining ownership. This feature allows water managers and 
planners general access to the wide variety of data available in a watershed to inform 
planning and management decisions. 


 
 The GIS data management system and Shared Vision Planning Model, although 
developed separately, can each provide information in improving the understanding and 
management of watershed and improve collaboration among the diverse interests in the 
watershed (Figure1). 


Overview of the Bear River Watershed 
 
The Bear River Watershed (Figure2), which is located in 
northeastern Utah, southeastern Idaho, and southwestern 
Wyoming, encompasses 7,500 square miles of mountain and 
valley lands including 2,700 in Idaho, 3,300 in Utah, and 
1,500 in Wyoming. The Bear River is the largest tributary to 
the Great Salt Lake and crosses state boundaries at five 
locations.  It is the largest river in the Western Hemisphere 
that does not empty into the ocean. The Bear River ranges in 
elevation from over 4,211 to 13,000 feet and is unique in 
that it is entirely enclosed by mountains. 
  


Throughout the basin, agricultural lands (both 
developed and undeveloped) and urban areas are located in 
the valleys along the main stem of the river and its 
tributaries. In addition to these private lands, the Bear River 


Watershed includes vast amounts of federal (Bureau of Land Management and U.S. 
Forest Service) and state lands that serve a range of ecological and agricultural functions. 
Each use generates unique impacts and demands on water resources. 


  
The Bear River Compact determines the rights and obligations of the signatory 


states of Wyoming, Idaho, and Utah to the waters of the Bear River. Federal consent to 
the Compact was given by the U.S. Congress and signed by the President in 1958. The 
Bear River Commission was organized as an interstate agency to administer the 
Compact. Ten commissioners, three representing each state and one representing the 
United States, constitute the Bear River Commission. The federal representative serves as 
chairman without a vote.  


 
A collaborative team at Utah State University, the Utah Water Research 


Laboratory, Utah Division of Water Quality, the Bear River Commission, and others 
participated in nominating the Bear River for EPA’s Targeted Watersheds Grant 
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Figure 2: The Bear River 
Basin, map courtesy of 


Environmental Management 
Research Group, Utah State 


University  







Program.  The proposal was implemented in October 2004 and demonstrates:  1) an 
integrated Watershed Information System to facilitate data collection, data analysis, 
information transfer, and public outreach; 2) a water quality trading program to allow 
point and nonpoint pollutant sources to trade water quality credits, and 3) water quality 
modeling to support trading and analysis of potential water quality management plans. 
The studies were scheduled to be completed by September 30, 2007. However, the 
completion date was extended in order to potentially facilitate trading of water quality 
credits. 


Methods 


Study Team 
The Corps study team consisted of project delivery members from the WSWC, 


Institute for Water Resources (Vicksburg), and the Phoenix field office, the Tulsa and 
Seattle Corps Districts, and the Engineer Research and Development Center (Vicksburg), 
also a Corps facility. The local watershed authorities consisted of members of the Bear 
River Commission, Utah State University, representatives from Wyoming, Idaho, and 
Utah, and other stakeholders. 


Study Plan 
The study plan consisted of six steps:  


1. Identify the case study objectives 
2. Identify a representative watershed 
3. Identify the planning and informational needs in the watershed 
4. Identify the watershed tools the Corps could provide to help meet those 


needs 
5. Develop a strategy with local authorities 
6. Implement the plan 
 


Each of these steps is briefly discussed in the following sections. 


Identify the case study objectives 
 The case study objectives included: 


1. Offer a central and structured way of upward and lateral reporting, 
consolidating data/information from the different states 


2. Develop an approach for problem solving and data management  
3. Help and assist users to evaluate the watershed rather than political 


boundaries in making management decisions 
4. Offer a framework for decisions 
5. Develop a prototype shared vision planning model for WSWC to use in 


their watersheds 
 


 8


Team members hoped the investment in watershed tools focused directly on the 
problems anticipated by the users. With the comprehensive view of the problem, the 
study team could help identify the appropriate and available tools. Additionally, the team 
intended no intrusion in the current structure or function of the watershed management. 







The team intended this effort to complement current and future initiatives in the 
watershed, blend with existing management structures, and leave all the leadership and 
management of the watershed tools in local control. 


Identify a representative watershed basin in the western states 
 The Bear River Watershed was identified as a potential case study project along 
with several other candidate watersheds. From these candidate watersheds the Bear River 
was selected by the study team for several reasons:  its unique geography would enable 
the study to address issues of collaboration across three state boundaries and multiple 
federal agency jurisdictions; it enjoys a high level of internal organization and established 
management structures; the current funding with EPA grant initiative provided potential 
to leverage additional federal resources; and, it was initially proposed and supported by 
members of the WSWC. 
 
 Study concepts and goals were initially discussed with the Chairman of the 
Commission to test their applicability. Study team members met with the Chairman on 
several occasions, both formally and informally, to collect background information and 
assess the appropriateness of the Basin as a case study. After meeting in Salt Lake City 
on 18 December 2006, the Corps and the Chairman determined that an appropriate next 
step would be to meet with members of the Bear River Commission and other 
stakeholder representatives regarding the study. This meeting took place in February 
2007 after which the Corps began initial development of applicable watershed tools. 


Identify the planning and informational needs in the watershed 
Informal interviews and discussions with local authorities and stakeholders helped 


identify watershed needs. The needs were classified in the following four categories:  
1) water quality, 2) data management, 3) water storage and allocation, and 4) federal 
collaboration. 
 
Objectives and questions identified under each category included: 
 
Water Quality: 


• How to facilitate water quality credit trading among industry and users in the 
watershed 


Data Management: 
• How to improve the management of the data collected in the watershed and use 


the data to solve future planning, management, questions, and problems 
• How to manage the data following the termination of the EPA grant and 


determine the future of the real-time data  
Water Storage and Allocation: 


• What are the opportunities for additional storage in the watershed, particularly 
Bear Lake? What information is needed to address this question? 


• Could better technical information improve the operation of Bear Lake and help 
plan for future development? 
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• What are the future demands on the Bear River System, including exports from 
the basin? 







Federal Collaboration in the Watershed: 
• How to improve federal collaboration in the watershed across jurisdictional 


boundaries 
 
These objectives and questions were discussed and agreed upon at a meeting with state, 
agency, watershed commission members, and other local stakeholders in Salt Lake City, 
Utah in February 2007. 


Identify the support including applicable tools/methods the Corps 
can provide to help meet those needs 


To identify the support the Corps could provide required an iterative approach. 
Based on the determined needs, the Corps developed a preliminary plan. This plan was 
later refined based on further input from local authorities. The proposed plan included: 
 


1. Demonstrate new innovations in GIS data management using the SWWRP 
ArcGIS Toolbar. The GIS toolbar would help contribute to a future goal of 
implementing trading of water quality credits in the Bear River Basin. 
Demonstrate how the existing databases or data sets could be placed on a single 
computer platform and configured to support access to both GIS Toolbar and 
non-GIS data requests. Also demonstrate how to integrate data and modeling 
efforts and giving accessibility to anyone with a web browser and an internet 
connection.   


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 


Upper Teichert/Bagley 
Cokeville Reservoir Site Figure 3: Uppert Teichert/Bagley Site 
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2)  Rather than focusing Shared Vision Planning on the larger watershed, the Bear River 
authorities showed greater interest in focusing on the potential for construction of the 
Cokeville Reservoir. Consequently, the Corps used existing information from the 2004 
Level 1 Cokeville Reservoir Study and professional judgment to initiate a collaborative 
demonstration Shared Vision Planning process that included a preliminary framework 
Shared Vision Model.  The model would begin to graphically portray the problems and 
opportunities associated with a potential reservoir on Smiths Fork River at the Upper 
Teichert/Bagley site (Figure 3). The model would be developed with flexibility to accept 
new information and other Bear River Basin water resource initiatives.  


Identify how the Corps can provide the support identified above and 
develop a strategy 
 To provide support in data management, the Corps and Commission agreed that 
all efforts should be closely coordinated with Utah State University, the Utah Water 
Research Laboratory, and the Utah Division of Water Quality. These groups were 
responsible for developing a Watershed Information Management System (WIMS) for 
the Bear River Basin.  The WIMS revolves around the concepts of data sharing and 
visualization in a GIS environment.    
 
SWWRP ArcGIS Toolbar: 
 
The SWWRP Toolbar is a custom plug-in for the ESRI ArcGIS Desktop viewer 
application, ArcMap. This toolbar allows users to quickly and easily locate, identify, and 
obtain data from Corps and non-Corps sources by simply pointing and clicking on a map. 
Various data sources are currently accessible through the toolbar, including the National 
Elevation Dataset, National Land Cover Dataset, Shuttle Radar Topography Mission 
Dataset, historic streamflow gauge data from USGS; MesoWest meteorological data from 
the University of Utah and the National Weather Service; all environmental, chemical, 
biological, and water quality data contained in the STORET system maintained by EPA; 
environmental, chemical, biological, and water quality data in the DBHYDRO system 
maintained by the South Florida Water Management District (SFWMD); and the 
National Inventory of Dams maintained by the Corps. 
 
The toolbar can be downloaded from https://dataservices.erdc.usace.army.mil/toolbar/ 
 
CorpsGlobe: 
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CorpsGlobe is USACE's Google Earth Enterprise Server. Currently, it provides base 
imagery ranging from 6-inch to 5-meter resolution. Additionally national datasets from 
sources such as USGS, NED, NID, EPA etc. are available as layers on the left pane so 
that the user can simplify the data acquisition process by enabling these layers and 
pulling multiple datasets for an area of interest using only the interface. The CorpsGlobe 
client and associated data are freely available for any Corps employee and partner. The 







download is available from Google Earth Enterprise at 
https://CorpsGlobe.usace.army.mil. 
 
Both of the tools described above demonstrate the ability for users to download data from 
different disparate data sources using a central place/portal/application.  This idea can be 
extended to the Bear River project by adding the additional data sources from the project 
into the tool. Total control of the data remains with the data owners, although users have 
access to this data.  
 
To apply Shared Vision Planning to address the needs in the basin, the following strategy 
was proposed: 
1. A workshop using Shared Vision Planning with a Focus on the Problems and 
Opportunities Associated with the Conceptual Cokeville Reservoir at the Upper 
Teichert/Bagley Site. 
 
Develop and deliver a 3-day workshop on the Shared Vision Planning process for local, 
state, and federal stakeholders associated with the concept Cokeville Reservoir project.  
The following were discussion topics for each day: 


1. Day 1 would consist of Cokeville Reservoir stakeholders sharing information on 
issues, existing models, and tools that may contribute to the initial development of 
a preliminary Shared Vision Model. 


2. Day 2 would consist of discussions on Shared Vision Planning concepts that 
could benefit stakeholders associated with the Cokeville Reservoir planning 
process. 


3. Day 3 would consist of a collaborative activity to develop a plan for building a 
crude preliminary demonstration Shared Vision Model, with a focus on problems 
and opportunities associated with the concept Cokeville Reservoir, and potential 
linking of that model to a GIS Toolbar. 
 


2. Collaborative Development of the Shared Vision Model.   
 
Following the workshop, the Corps would provide technical support to others in the 
continued collaborative development of a preliminary demonstration Shared Vision 
Model with a focus on problems and opportunities associated with the concept Cokeville 
Reservoir project.  Relevant parties in the basin would work with the Corps team to 
provide and validate data.  The linking of the GIS Toolbar to the Shared Vision Model 
would be demonstrated. 
 
3. Shared Vision Planning Process Demonstration  
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Once the preliminary Shared Vision Model was developed a follow-up workshop would 
demonstrate its uses.  These include how the model and collaborative planning could help 
promote conversation and learning about current uses, supplies, anticipated demands, 
trends in water use and demand, current status of state water planning efforts, and future 
water management options associated with the concept Cokeville Reservoir project.  In 
addition to the model outputs, the demonstration process would contribute to the 



https://corpsglobe.usace.army.mil/





summary of existing water uses, water plans and planning efforts, current ground and 
surface water supplies, and anticipated future demands, and help identify and evaluate 
trends in the Bear River Basin. 


 


 
Figure 4: The Shared Vision Planning Process 


Work with the local authorities to implement the proposed strategy 
 Once the strategy outlined above was submitted and approved by the Bear River 
Commission, the Corps would begin implementation. The budget anticipated for Corps 
involvement and completion of these tasks totaled $113,000. The resource requirement of 
the Bear River Commission and partners was not quantified; however, it consisted of 
participation as outlined in the tasks above as well as long-term management of the 
products. 
 


Coordination 
 To facilitate the study process, the Corps and Bear River Commission agreed 
upon a communication strategy: 1) each would designate a representative through whom 
all communications would be transmitted; 2) representatives would ensure that all key 
members from their respective constituencies were included in meetings and information 
exchanges; 3) each step in case study development and implementation would be fully 
coordinated and approved; and 4) the commitment of resources from either party would 
be made in accordance with institutional procedures. 
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 Meetings between the Corps and Bear River Commission and partners were held 
17 November 2005, 18 December 2005, 14 February 2006, and 6 March 2007. In 
addition, each group had several internal meetings. For the Corps, internal meetings 
generally consisted of conference calls to accommodate the geographical dispersion of 
the study team members. 
 


Results 
 The partnership between the Corps and Commission for the 
implementation/application of the Shared Vision Planning and GIS Tool Bar tools 
appeared promising to the Corps but limited to the Commission. The Corps believed that 
several of the needs of the Bear River basin could be addressed through existing Corps 
tools. The Commission, however, was skeptical. The Corps, Commission, and other 
stakeholders were mostly open with one another in communicating reservations and 
potential constraints.   


Prior to developing an implementation strategy for the tools, the partners further 
diverged. After preliminary research, the Corps advised against using Shared Vision 
Planning for the Cokeville reservoir site. Although the Corps was willing to continue 
with the GIS Tool Bar and a Shared Vision Planning approach for the entire basin, the 
Bear River Commission decided to discontinue future efforts. However, Utah State 
University opted to continue working with the Corps to adopt the GIS Tool Bar.  


The case study objectives and purpose were not fully met. However, this case 
study provides valuable information for federal governments engaging with local and 
state governments in locally led watershed initiatives using the Shared Vision Planning 
and the GIS Tool Bar. 


The reasons why the overall study was discontinued are summarized below, along 
with a discussion on the events leading up to those decisions. 
 


Shared Vision Planning Model 
  


To assist the Bear River Commission and stakeholders in fully comprehending the 
utility and potential use of the Shared Vision Planning Model (SVPM), the Corps  
developed a preliminary model of the Basin (Figure 5) focusing on the Cokeville 
Reservoir site. The Corps elected to use Microsoft Excel to ensure all users could access 
and view the program on a standard PC.  


The model allowed prospective decision makers, experts, or stakeholders to 
explore the costs and benefits of different-sized Cokeville Reservoirs.  The model was 
based on existing studies of the Cokeville Reservoir and used realistic data and analyses.  


The user selects the reservoir size and the model calculates the costs and benefits 
for flood control and irrigation. The user can vary the price of water to evaluate the 
benefit-cost ratio for the reservoir, a source of economic uncertainty in planning. The 
model also calculates the area of wetlands that would be converted to open water, an 
environmental impact.  
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The model clearly showed the reservoir was not economically justified and would 
create environmental impacts that would make construction unlikely.  The Corps 







constructed the model to address the Bear River Commission’s interest in the concept and 
to demonstrate a Shared Vision Model. However, the model suggested the project would 
not be worthwhile because the process would almost certainly lead back to the decision 
already implicitly made, that is, reject the concept.  SVP was also not applicable because 
of the preconceived outcome of what was desirable for the area, limiting the flexibility 
required for SVP to be effective.2  
 
 


 
Figure 5. Mock Cokeville SVM Interface 


 


GIS Data Management Tools:  
 
Both the SWWRP ArcGIS Toolbar as well as CorpsGlobe were very well received by the 
partners as a way to access  data from disparate sources.  Anyone within the Corps or any 
Corps partner can easily install these tools on their desktops without any licensing issues.  
The result is the ability to query multiple databases at the same time to overlay site 
locations for point and time series data (e.g., USEPA water quality data from STORET 
and flow data from USGS gages).  CorpsGlobe also uses the graphing module (Time 
Analyst) from Utah State University to give users the ability to graph time-series data 
within Google Earth, providing a powerful visual. These visualizations allow managers to 
assess current conditions in real time, identify data gaps, and increase understanding of 
trends and patterns at an appropriate level.  The GIS data management tools also provide 
data provisioning for other watershed tools such as hydrologic models.  Since the Bear 
River Basin is located in multiple states, a common method of data provisioning will also 
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2 Some time later, Greeley and Fort Collins, Colorado agreed to participate in a shared vision experiment 
that began in October 2007. As of the date of this report, stakeholders are working closely with the Corps to 
develop a Shared Vision Model. 







be of value to the Bear River Commission when data from the states is required for 
decision making. 
 


 
Figure 6. Viewing national data sets and high-resolution topography with Google Earth 


Conclusions 


Question One: 
What do study results indicate is the potential utility of the Shared Vision 


Planning Model and GIS Data Management Tool in augmenting existing tools? 
 
To investigate the first question, the Corps solicited feedback from the Commission 
and partners with the following response: 
1.  No one saw a need for the Corps to assist with ongoing efforts 
2. State staff time is limited and fully occupied, so without a perceived need, there 


was no incentive to spend more time in discussion with the Corps  
3. There is a general perception in the watershed that all is well and there is no 


desire to involve another federal agency 
4. Individuals involved with river politics choose to continue to limit federal 


involvement 
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The dichotomy between the supposed mutual understanding of needs established 
in early discussions and the later decision by the Commission that the Corps could not 
assist was initially perplexing to the study team. However, the dichotomy arose from a 
misunderstanding. Although both parties had a mutual understanding of the needs in the 







watershed, the Corps believed they were not being addressed and assumed additional 
federal involvement would be helpful. Conversely, the Commission concluded that many 
of the potentials for better planning and management that the Corps suggested were 
already in place in the watershed or being implemented and therefore did not want to 
commit additional resources. That is, study objectives could be, or were already, being 
met. 


 
From the Corps perspective there appeared to be several communication barriers 


that may have limited local interest. The Corps perceived a lack of understanding of  
1) the GIS Toolbar and Shared Vision Planning and how they were different from tools 
the Bear River was currently using; 2) how these tools could be applied to the Bear River 
Basin to augment, not replace, existing tools and where was the benefit; and, 3) the 
strategy the Corps proposed to apply these tools.  


 
 From the local manager’s perspective, many man hours were spent looking at 


what the Corps had to offer with the conclusion that there was little benefit in adopting 
any new tools. Furthermore, had the Corps come to the Bear River a decade earlier, they 
may have adopted the proposed tools. Federal assistance simply was undesirable and 
unnecessary.  
 


These results indicate the importance of making certain all parties and most 
importantly decision makers in a potential partnership or technology transfer have a 
mutual understanding of the needs and how they can be met. Even more important is how 
the local decision makers envision the needs will be met. Both parties must be candid.  
Misunderstandings can result when decision makers and field representatives are 
different individuals. For a partnership to function, both partners must be open when 
information is not being clearly conveyed. 
  


Discussions with the Commission and partners indicated a general lack of 
interagency federal cooperation in the watershed. Agency commitment stops at 
jurisdictional boundaries and limits the potential for a cohesive federal approach and 
support of watershed management initiatives.  Some local representatives have the 
opinion that the relative harmony of the management of the Bear River Watershed is due 
to a lack of federal involvement. These beliefs and boundaries have perhaps limited the 
potential to build relationships between federal and state/local partners in addressing 
watershed needs and problems.  


 
Other local representatives and stakeholders indicated that although there was a 


general consensus with the management of the basin, there remained a substantial amount 
of territoriality between states and their rights and resources. Results indicated the 
reluctance of many to substitute what is working now with what could work better for the 
future. To some this is a collective action problem and may involve a lack of trust3 
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3 Discussions with various basin stakeholders revealed polarized views regarding the level of trust between 
Basin States: some perceived a very high level of trust and confidence – evident by the lack of water wars 
and overall smooth basin management whereas others interpreted the differences expressed in meetings and 
action/inaction as indicators of lack of trust. 







between the signatures of the Compact. Or, it might indicate reluctance to move beyond 
the familiar that might require amendments to the Compact and raise new questions that 
threaten the state resources.  Although the Corps or federal government might help with 
future planning in the watershed, particularly how future storage can be built and 
allocated, the Compact already provides an answer. Shared Vision Planning may provide 
insights into future limitations of the compact and potential changes that may be 
necessary but the Commission does not believe it is necessary to address such 
possibilities at this time. 


 
For the purposes of federal/state/local collaboration, it is important to understand 


the political nature of the watershed. How are interests guarded, and where are the 
leverage points for change? Where can a partnership thrive? Some flexibility within and 
between the partners is necessary. 


 
The roles of federal, state, and local governments/ groups on a particular issue 


may be situational. Existing relationships between the Commission, stakeholders, and 
states, and the past role of the federal government in the Bear River Watershed may have 
limited the potential for a federal/local partnership. In this situation, because states know 
where priorities are and where the decision-making power resides, it may be more 
effective for the federal government to work with states, and states to work with locals. 
By knowing the power structure, states may direct the federal agencies where they can be 
most effective.  


 
Understanding the local power structure is critical, and requires time. Those with 


the greatest power may or may not be the most outspoken in a meeting. To successfully 
interact in meetings, federal agencies must first establish relationships and an 
understanding of how things work at the local level. 


Question Two 
What do study results indicate about how the Shared Vision Planning Model and 


GIS Data Management Tool can initiate and improve interagency and interstate 
collaboration in water resource planning and management? 


Shared Vision Planning 
 Shared Vision Planning can be applied to any water resource problem where 
planning has the potential to solve problems. However, there are many instances in which 
planning, including the consideration of consequences before making a decision, is 
unlikely to change the way water is managed.  
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Shared Vision Planning allows experts, decision makers and stakeholders to work 
together to decide what can and should be done. The shared vision model is designed 
collaboratively by these groups to answer the selected questions. When stakeholders 
agree on the facts and relationships, the debate can focus on values and tradeoffs. The 
shared vision model gives stakeholders the tools to structure and facilitate the debate and 
it can be used to decide if uncertainty about data or relationships is so critical that a 
different decision would be likely. 







The limitations of Shared Vision Planning were demonstrated in this case study as 
well as other past applications4. There were several reasons why the Corps advised the 
Bear River Commission, and the commissioners concurred after some thought, that 
Shared Vision Planning would not be effective in this case study with regards to the 
Cokeville reservoir additional water storage opportunities.  


The central group of stakeholders that would have been enlisted were advocates 
for the development of new irrigation storage.  Preliminary studies indicated a benefit-
cost ratio well below 0.5, and the expanded storage would have replaced established 
wetlands with open water, so the storage almost certainly would not receive Clean Water 
permits.  Furthermore, the advocates hoped that the costs of the additional storage would 
be borne by the state. Under provisions of the Wyoming Water Development 
Commission, there is a cost-share requirement for construction; the economics of this 
project appeared to indicate that the stakeholders could not pay this cost-share amount.   


Planning (of any fashion) is just one approach to managing water (regulation, 
adjudication, legislation, executive order, and market-based solutions are other options).  
In this case the decision to build storage was contingent on a planning study. Because the 
facts were not in dispute, there was no reason to believe that shared vision planning 
would produce a better outcome. If a successful outcome cannot be imagined, it cannot 
be managed.  


Another limitation to a successful application of Shared Vision Planning 
identified in this case study was the difficulty in clearly communicating to local 
stakeholders what Shared Vision Planning was and how it could be applied. Some 
stakeholders indicated that even after several discussions regarding the tool, they were 
unable to grasp what it was or how it would be useful to the Bear River.  


One reason for this seemed to be the language used to describe the tool: “circles 
of influence,” “Corps 6-step planning process,” “modular or object oriented,” etc. 
Furthermore, when presentations focused on describing the characteristics of Shared 
Vision Planning and Shared Vision Models, their essential elements and principles 
without practical and live demonstrations of real-life scenarios and the different suite of 
models that can be developed, it seemed difficult for those with limited planning and/or 
modeling experience to transition from the theoretical to the practical. Also, local 
managers indicated that the concept of shared vision planning was already in place in the 
watershed, evident by the cooperation required to renew the FERC license for Pacific 
Corps, and states working together to correct outflow water modeling from Bear Lake, 
even though state and federal definitions and practice differed.  


The Shared Vision Planning Model was inappropriate for this case study. 
However, it remains a useful and practical tool to address water resources problems 
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4 (Werick, W., and R. Palmer, 2004 “Is Shared Vision Planning Right for You?”, paper presented at the 
American Society of Civil Engineers Environmental and Water Resources Institute’s Annual Conference, 
Salt Lake City, Utah) 







elsewhere and the strategy outlined above can serve as an initial guide in beginning new 
projects.  


The applicability of Shared Vision Planning to a particular problem should be 
determined prior to a significant investment in resources and time. Werick and Palmer 
(2004) provide five triage questions to ask before deciding whether to apply Shared 
Vision Planning to assist in water resource planning: 


1. How can planning improve water management? Participants should try to 
imagine the planning study is over and they are very happy, then explain how the 
planning study changed things.  If success cannot be imagined, how can it be 
managed? 


2. Is the planning effort likely to be subverted by lobbying or adjudication?  If 
possible find a political scientist at a local university or hire a retired politician 
with analytic skills to provide this background.  We never fail to be amazed by 
what we do not know. 


3. Is the necessary openness of shared vision planning in itself contrary to the 
interests of a major stakeholder?  This may be revealed in the political analysis or 
belied by the resistance of a study partner to help make progress.  Consider each 
major player and ask if there could be openness issues. 


4. Is water the issue or the stage for other conflicts to play out on?  Our political 
studies often showed that the real issues were outside water.  Ask if changes in 
water management would help new people move to the area, and see if those who 
would be hurt by that immigration are resisting the study. 


5. How likely is it that planning will occur?  Does the study plan begin with data 
acquisition?  Is there a suitable budget for plan formulation and evaluation?  In a 
surprising number of cases, planning schedules and budgets assume that 
solutions will appear from the data, and the evaluations and rankings will be 
obvious once the data are collected. 


 


GIS Data Management Tools 
  This study showed the future potential utility of the GIS data management system 
in augmenting existing watershed management tools in the West and improving 
interagency/interstate collaboration in water resource planning and management.  As 
discovered in the case study, clearly defining the role of data management tools is 
essential for demonstrating how Federal agency involvement can augment the application 
of existing tools for data provisioning and decision making.  
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Of interest is the observation that academic institutions were much more inclined 
to explore the use of data management tools than local managers.  While most states have 
GIS and data management capabilities in place, they are often built for use by state 
agencies and not multiple state groups.  Multi-state groups such as the Bear River 
Commission exist for many transboundary watersheds and make decisions that reach 
beyond state requirements.  It is logical that federal assistance in data management for 
transboundary watersheds is appropriate.  Interactions with local academic institutions 







and state agencies for providing multi-state data to multi-state groups such as River 
Commissions can be accomplished.   The task is to identify how multi-state groups will 
use the data in their decision making through the use of questions such as: 
 


1. What are the decisions to be made? 
2. What tools are required? 
3. What data are required? 


 
While data management tools can be applied independently of collaborative 


planning, the Shared Vision Planning process does indeed provide answers to the above 
questions.  The GIS data management system can then be customized to the nuances of 
the local state and academic data management capabilities.  Emphasis should be placed 
on provisioning data required by the selected tools to provide information on identified 
questions and required decisions.    
  


Questions Three and Four 
 
What lessons learned can inform or identify barriers to collaboration between federal, 
state and local partners?  
 
How can collaboration be improved? 
 


This case study identifies several barriers to collaboration between federal, state, and 
local partners and recommendations for improvement of collaboration. 


1. Successful collaboration requires willing partners. Partners generally want to 
work together if: 


a. There is a perceived mutual benefit 
b. The partnership meets and extends the capacity of current resources 


2. Partnerships require the building of trust in the relationship. 
3. The communication structure of each partner’s respective organization may 


not meet the needs of the information exchanges. Communication barriers 
may not be readily apparent. Direct communication between the functional 
roles of each partner can improve exchanges. 


4. The Corps uses buzz words and a corporate language that are not readily 
understood by others. In some cases the same phrase may be misunderstood 
by non-Corps people. Shared Vision Planning, for example, was shown to 
have a distinct meaning to the Corps and a more generic one to the locals. 
This language barrier is a barrier to collaboration and may limit the desire of 
others to work with the Corps. 


5. Live demonstrations of watershed tools are essential to helping others 
understand the tool. Live demonstrations smooth out transition from the 
conceptual and theoretical to the practical. 
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6. Ideas, tools, and methods build upon precedents. This is important to 
acknowledge when presenting ideas to others. Furthermore, it can provide 
context for the idea and acknowledge the knowledge base of those listening to 







the presentation. Context can be very critical to establishing utility and need, 
and acknowledging expertise helps build relationships and mutual 
understanding. 


7. State and local governments and stakeholders may not understand the  
complexity of federal agencies and their individual overlapping missions. 
Many may lump the federal government into one body without distinguishing 
between, for example, the regulatory and planning missions. This lack of 
clarity limits the level of effective collaboration between federal, state, and 
local governments.  


 
It is important for states to recognize that working with the Corps and other 


federal agencies requires planning and scheduling projects in advance. The timing and 
amount of federal dollars are often unreliable. This uncertainty must be calculated into 
the potential benefit of state and federal partnerships. If a partnership is desirable, state 
and federal partners can investigate ways to work together to increase the certainty of 
federal funds. 


 
 In the Bear River Watershed, federal funding has proven very helpful. The EPA 


Watershed Grant helped Bear River managers develop critical and needed tools to better 
manage the water resources in the basin. From a state and local perspective, although it is 
helpful to understand federal agencies and their programs, the bottom line is often the 
monetary resources that can be leveraged from any source.  
 


Recommendations 
 Results, conclusions, and recommendations were developed from federal, state, 
and local perspectives This case study resulted in the following recommendations: 
 
Improving federal support of locally led watershed initiatives 


• Federal agencies must improve their ability to collaborate with one another to 
provide better, more effective support of local watershed initiatives. A unified 
federal agency support team can make resources more available and accessible to 
local watershed groups. A federal support team can also provide a model of 
effective teamwork to encourage greater collaboration.  


• Prior to engaging in local projects, federal agencies should first consider the role 
of the state. Depending on the federal, state, and local roles/ relationships in an 
area, the federal government may be most effective in offering support through 
state governments. Working directly with local groups through existing 
relationships, they may effectively leverage the resources of their federal partners. 


 
Engage the Corps more effectively in future watershed initiatives 
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• Prior to engaging the stakeholders in a watershed, thoroughly understand and 
document the tools that are already being used by that group. Then, prior to 
introducing new tools, acknowledge and describe the tools the local group is 
currently using so that they know that the federal government understands how 
the watershed is currently managed. This establishes common understanding, and 







a platform for dialogue for how the new tools may support and build upon 
existing tools and what new information or benefits new tools provide.  


• Although a preliminary approach is important to learn the needs of the local 
watershed group, clear and concise follow-up recommendations that are easily 
understood, discussed, and weighed must be delivered. 


• Federal support of local watershed initiatives will only be successful if the local 
authorities desire federal involvement. Therefore, federal involvement should be 
limited to those watershed efforts where local stakeholders invite federal support. 


• Adequate time must be allocated to building relationships as this is vital to 
establishing the foundation necessary for collaboration. 


 
Facilitating understanding of the products (GIS toolbar, Shared Vision Planning Model) 
to be more comprehensive to local stakeholders? 


• Use common language when describing or presenting tools to a local audience.  
• Present both the theoretical basis for the tool as well as the practical application. 


Present multiple scenarios and live demonstrations where possible to introduce 
the audience to the full range of options available. 


• Request direct feedback regarding the audiences’ understanding of the tool and 
how it could be applied to their water resource problem(s). 


• When considering Shared Vision Planning as a tool to address a water resource 
problem, first meet with stakeholders to establish a common and acknowledged 
understanding of the tool and then apply the five triage questions to determine if  
applicability will be potentially successful. 
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Shared Vision Planning Applied to Regulatory Decisions 
IWR White Paper – M.A. Lorie 
July 31, 2006 
 
Introduction and Background 
 
Section 404 of the Clean Water Act (CWA) entrusts the Corps with the permitting of any 
“discharge of dredged or fill material into” the waters of the United States.  This can cover 
anything from disposal of dredged material to the construction of reservoirs.  Permitting 
decisions are based on guidelines (“404(b)(1) Guidelines”) developed jointly with the EPA that 
are now part of the Code of Federal Regulations (40 CFR 230).  These guidelines require that the 
Corps approve only the least environmentally damaging practicable alternative (LEDPA) for a 
particular project purpose.  Furthermore, subsequent agreements between EPA and the Corps 
establish a sequencing logic, which stipulates that environmental impacts first be avoided, then 
minimized (through project modifications or permit conditions), and finally mitigated.  
Mitigation is not to be considered in identifying the LEDPA, but is added to the LEDPA only 
after it has been identified.   
 
The vast majority of permit applications are processed quickly and effectively without 
controversy.  A small number of projects, however, usually large municipal water supply 
projects such as new reservoirs, garner a great deal of opposition among other state or Federal 
agencies and among environmental advocacy groups.  The CWA and subsequent guidelines and 
agreements give a great deal of power to opponents of potential permits (Shabman and Cox, 
2004).  Because of this, the onus is placed on the permit applicant to prove that their need for the 
project is legitimate and that they have proposed the LEDPA for meeting this need.  Depending 
on the level of pressure exerted by project opponents through the Corps, other agencies or the 
Courts, the process of evaluating a project can become a long, protracted fight.  Project 
opponents may challenge various elements of the analysis that goes into the permit evaluation 
(e.g., water demand forecasts, effectiveness of water conservation programs, environmental 
impacts of a new reservoir) in their attempt to defeat a project.  This can lead to an adversarial 
process that takes many years and costs millions of dollars to run its course. 
 
Water is a finite resource, so some conflict over management and policy choices may be 
inevitable.  However, in certain cases, the procedures used by the Corps to implement the 
404(b)(1) Guidelines in permit evaluations can be ineffective for managing potential conflicts 
and, indeed, they may often exacerbate conflicts.  This white paper will argue that the Corps’ 
typical permitting process is insufficient for controversial projects and that a different approach 
may be called for.  Shared Vision Planning is recommended as an alternative approach that can 
help remedy some of the potential problems of the existing situation.  These arguments and 
recommendations are focused on permits for large municipal water supply projects, but it is 
possible that they can be generalized to other permitting situations. 
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Potential Problems in the Permitting Process 
 
The typical process for a CWA 404 permit is sequential (see Shabman and Cox, 2004 for a 
summary)1.  The process is initiated by the applicant (a water provider) who has designed a 
project to meet some water supply need.  The water provider then applies for CWA 404 permit 
with the local Corps District.  The District must approve the purpose for the project (usually by 
preparing or approving a NEPA “Purpose and Need” statement) and must conduct an alternatives 
analysis to identify the LEDPA (this is usually done in conjunction with an EIS).  A good deal of 
work is already completed (and resources invested) before partnering agencies (e.g., EPA, FWS) 
and public stakeholders have an opportunity to engage in the process.  There are various 
requirements for public involvement along the way, usually of the sort typically used to satisfy 
NEPA (public notices, public meetings etc.).  If the public involvement process results in 
significant opposition and controversy, the Corps and/or applicant may have to revisit certain 
issues, such as the purpose and need or the alternatives analysis.    Eventually the Corps 
identifies the LEDPA and if the applicant is satisfied with this alternative, which may or may not 
be their original preferred alternative, then a permit is granted.   
 
At this point, EPA and the FWS, who are often pressured by environmental advocacy groups, 
have the opportunity to elevate the decision to a higher level within the Corps (the Division or 
eventually Headquarters).  The governor of the relevant state also has the ability to elevate the 
decision.  And in the end, the CWA allows the EPA to veto any Corps decision if it sees the 
project as causing unacceptable environmental impacts.  Public advocates may sue at various 
points to force the Crops or the EPA to reevaluate their decisions. 
 
Often, the lines between these steps in the sequence are blurred.  An applicant can engage the 
Corps district well before it is ready to apply for a permit, allowing the Corps to influence the 
design process.  Also, regulations require public involvement when products and documents are 
in draft form so that the public may influence the final versions.  Furthermore, the Corps 
routinely engages the EPA and FWS early in a permit evaluation process.  So coordination and 
cooperation are fundamental to a typical permitting process.  Despite this, the sequential nature 
remains.  The process is initiated by the applicant, who independently conducts much of the 
analysis, the Corps then reviews the permit application and applies its environmentally focused 
guidelines, and other organizations influence the process after the fact.  In addition, there appears 
to be a preference among water supply developers and environmental advocates for this 
sequential process.  Water suppliers design their projects independently and then environmental 
advocates use the CWA permitting process to defeat them (Shabman and Cox, 2004). 
 
Section 404 of the CWA mandates that environmental objectives be imposed on the development 
and design of water projects.  But the sequential nature of the permitting process means that 
these environmental objectives come into play only after alternatives have already been 
designed, and usually they are designed with less emphasis on the environmental considerations 
and more emphasis on financial and water supply reliability considerations.  But the project can 
only go forward if it meets these mandated environmental objectives, and influential 


                                                 
1 This white paper provides a general description of what can be considered the typical permit evaluation process 
used within the Corps.  This is based on the Corps regulations, official procedures, literature on case studies, and 
discussion with regulatory project managers.  There will be differences between districts. 







environmental groups will work hard to make sure that these environmental issues are addressed.  
Project proponents and opponents then become entrenched in their position for or against a 
particular project, often using competing technical analysis to justify their positions. 
 
Ideas from various fields, such as conflict resolution and decision analysis, demonstrate why 
such a sequential process can result in protracted fights and point to a different approach that 
might avoid some of these pitfalls.  This can be summarized in four points. 
 


1. A successful process must be founded on a broad set of stakeholder objectives.  
Stakeholders are those individuals/groups who are affected by or can affect the decision, 
including the project applicant and the Corps regulator.  Objectives should capture what 
stakeholders want, what they think is important, or what they are required to accomplish 
(e.g., the Corps regulator).  The sequential process brings different sets of stakeholders 
and their objectives into the process at different times, making it difficult to find solutions 
that strike an effective balance among all the objectives.  Incorporating a broad cross 
section of objectives early in the process ensures that they all receive due consideration. 


2. It is important to promote an interest-based rather than a position-based negotiating 
environment.  Position-based approaches stymie creative problem-solving because people 
stick to their default position (e.g., anti-reservoir) and are usually uninterested in where 
new ideas might lead.  An interest-based focus encourages stakeholders to think 
strategically about their objectives and promotes new ideas. 


3. As much as possible, the technical analysis supporting a permit decision should be jointly 
controlled by all stakeholders and it should be transparent to stakeholders.  This prevents 
situations of “dueling science” in which opponents wage their battle using different 
technical results to justify their positions.  The technique of joint fact finding is 
particularly relevant here. 


4. Objectives, interest-based negotiating and joint technical analysis allow for a productive 
collaborative process.  The collaboration should be focused on joint formulation of 
mutually acceptable alternatives.  Too often, collaborative processes have ill-defined 
goals and little expectation for concrete products.   


 
An approach with these features can help remedy the pitfalls of the sequential permitting 
process. It is argued here that the application of Shared Vision Planning (see Palmer et al) to the 
water supply development and permit evaluation process would promote these features and help 
the Corps avoid big controversies such as those seen in the Two Forks and King William cases. 
 
Shared Vision Planning for CWA 404 Permits 
 
How Shared Vision Planning Works 
 
Shared Vision Planning (SVP) is distinguished from other approaches by its incorporation of 
disciplined water resources planning principles, structured public participation, and the use of 
collaborative modeling in the creation of an integrated decision support tool.  SVP as a planning 
method is generally based on the Principles and Guidelines.  A SVP process begins by building a 
team of key stakeholders and identifying their objectives.  Every effort is made to reach out to all 
significant stakeholders.  The team defines the objectives and develops metrics for evaluating 







alternatives.  The team works with analysts to develop a model of the system and to initiate 
studies to fill important data gaps (environmental impacts, demand forecasts etc.).  The model 
eventually incorporates the decision variables (whether and where to build a project; how to 
operate a project) and impacts the alternatives will have on objectives as measured by the 
metrics.  The team, assisted by analysts, then uses the model to formulate and evaluate 
alternatives that provide a range of outcomes against the objectives.  The model is designed to be 
transparent and easy to use so that the team can work together to test new ideas and learn about 
the impacts of various alternatives.  This collaborative formulation and evaluation sets the stage 
for a negotiation process in which stakeholders can debate which alternatives are appropriate 
given performance against the objectives, the requirements of NEPA and the CWA.  In short, 
Shared Vision Planning is designed to incorporate the four characteristics described above. 
 
Apparent Difference between SVP and 404 Permitting 
 
There are some conceptual differences between SVP and the manner in which CWA 404 permit 
applications are evaluated.  On the surface the differences seem obvious and suggest that it might 
be very difficult to apply SVP to regulatory decisions.  However, current regulations and 
guidelines incorporate enough flexibility to allow for a different kind of approach, such as SVP. 
 
In general, SVP and 404 permitting appear to rely on fundamentally different approaches to 
decision-making.  Permitting under the 404(b)(1) Guidelines can be described as a constraint-
based approach to decision-making.  Impacts to aquatic resources should be avoided; in other 
words, for a given project purpose, the ideal alternative is the one that involves no impacts to 
aquatic resources.  If impacts to aquatic resources are unavoidable, then the project should be 
designed and/or operated so these impacts are minimized.  Finally, after impacts are avoided and 
minimized as part of the project design process and the LEDPA has been identified, the resulting 
impacts to aquatic resources should be mitigated. 
 
In contrast, SVP is better described as an overall balancing approach in which tradeoffs between 
objectives are evaluated and the alternative with the most appropriate balance of outcomes 
(however that is defined among participants and analysts) is selected.  Stakeholders in the 
process define objectives and performance metrics.  The modeling process predicts the impacts 
that all alternatives will have in terms of the performance metrics.  It is then up to the 
participants in the process to evaluate and compare these predicted outcomes, and engage in a 
negotiation process to select an alternative.   
 
Consider a fictitious reservoir planning example as an illustration.  Suppose there are four 
objectives:  
 


1. minimize the cost of building the reservoir 
2. maximize the reliability of water supply from the reservoir 
3. minimize the amount of wetlands inundated 
4. maximize sport fishing opportunities in the stream below the reservoir.   


 
Suppose six alternatives, each with different locations and/or designs, are developed and have 
the impacts shown in Table 1. 







 
Using a general balancing approach like that in SVP, participants would debate which alternative 
provides the best overall mix of outcomes and would justify their decision based on some 
explicit decision criteria.  For example, the participants might agree that Alternative B is the 
most appropriate because, in general, the impacts are “in the middle” for all objectives which 
might be seen as a good overall balance.  The 404(b)(1) guidelines, however, might not allow for 
alternative B because it causes significantly more impacts to wetlands than alternatives C, D and 
F.  If the approved alternative must avoid and minimize impacts to aquatic resources, then 
alternative B might be unacceptable and alternatives C and F might be the only permittable 
options (assuming the difference between 4 and 5 acres of inundated wetlands is negligible).  But 
Alternative C is by far the most costly option, while alternative F is the worst option for water 
supply reliability. 
 
Table 1 


 
Would alternatives C or F be required by the 404(b)(1) guidelines?  The answer probably rests 
on two key issues.  First, the answer to this question would depend on the defined and approved 
Purpose and Need for the project.  Second, the interpretation of “Practicable” would influence 
how this question is answered. 
 
Flexibilities in the 404(b)(1) Guidelines 
 
The 404(b)(1) Guidelines clearly require that the Corps approve and permit only the least 
environmentally damaging practicable alternative that meets a given project purpose.  Flexibility 
comes in establishing the project purpose(s), determining whether alternatives meet the project 
purpose(s), and determining whether alternatives are practicable. 
 
The 404 permitting process includes a step to define the purpose of the project requiring a 
permit.  This often takes the form of a NEPA “Purpose and Need” statement.  Corps guidance 
suggests that the project purpose “be specific enough to define the applicant’s needs, but not so 
restrictive as to preclude all discussion of alternatives.”  There is not a hard and fast rule for 
determining the project purpose, though some loose guidelines have come out of various Court 
decisions.  For a given water supply project, the purpose could be set at providing a certain safe 
yield for a 50-year drought, or it could be to provide safe yield for a 100-year drought.  The 
purpose should be reasonable and it is left to the discretion of the Corps project manager in 
conjunction with the applicant. 
 


Alternatives Cost 
($1000s) 


Reliability  
(1-probability of 
shortage) 


Wetlands 
inundated 
(acres) 


Fishing opportunities 
(flow suitability score: 
0=worst, 1=best) 


A 3,405 .99 26 .89 
B 2,990 .98 22 .76 
C 6,001 1.00 5 .70 
D 4,455 .97 16 .68 
E 2,612 .94 27 .88 
F 2,008 .91 4 .73 







In addition, depending on how the purpose is defined, determining whether an alternative meets 
that purpose might not be a clear cut process.  For example, there will be uncertainties, and 
implied risk management choices, associated with the analytical results used to determine safe 
yield and other factors.  The “Purpose and Need” statement may not deal explicitly with these 
risks and uncertainties, so this determination will be left to the discretion of the Corps, the 
applicant and, perhaps, other participants in the permitting process.   
 
Perhaps the most significant flexibility comes in defining practicable alternatives within a given 
permitting process.  The 404(b)(1) Guidelines define a practicable alternative as one that “is 
available and capable of being done after taking into consideration cost, existing technology, and 
logistics in light of overall project purposes.”  This provides some direction on the factors that 
must be considered when determining practicability, but allows for significant flexibility.  
Practicability is, to a large degree, left to the discretion of the Corps.  The applicant, EPA, and 
other agencies and organizations will seek to have considerable influence over this aspect of the 
process because it is so crucial for the outcome. 
 
Together, these elements of the permitting process—defining Purpose and Need and 
practicability—allow for flexibility in determining the LEDPA and reaching a decision.  The 
ideal environmental alternative—the one that imposes the least environmental damages—is the 
presumed target for the permitting process.  But the flexibilities in the guidelines allow the Corps 
to permit less environmentally preferable alternatives depending on the needs of the applicant 
and factors such as costs and logistics.  In other words, determining the LEDPA involves making 
tradeoffs between objectives such as minimizing impacts to wetlands, providing a certain level of 
service for water supply, and minimizing project costs.  It is rarely described this way, but the 
tradeoffs are implied by the discretionary decisions made during the permitting process. 
 
The fictitious results in Table 1 can illustrate the point.  Earlier it was suggested that under the 
404(b)(1) Guidelines, alternatives other than C and F might be unacceptable because they all 
cause more environmental impacts.  But as described here, the project Purpose and Need and 
issues of practicability must be considered.  Alternative C is far more costly than the other 
alternatives, so it might not be considered practicable.  Alternative F may not meet the project 
purpose and need because it has the lowest water supply reliability score.  There are no clear 
rules for making these determinations; it is largely left to the discretion of the Corps and so 
tradeoffs between a variety of objectives will necessarily be made.  Therefore, there are clear 
similarities and compatibilities between a general balancing approach like SVP and the 
regulatory approach of 404 permitting. 
 
The Real Differences between SVP and 404 Permitting 
 
Since the flexibilities of the 404(b)(1) Guidelines allow for making tradeoffs among various 
objectives, it is argued here that an approach like SVP is compatible with the logic of the 
Guidelines.  There are at least two crucial differences, however.  One difference is that the two 
approaches have different starting points for analysis.  Because SVP is based on P&G planning, 
its typical starting point for analysis, or its rebuttable position, is the no action alternative and the 
task of the planning exercise is to justify some action.  For example, for a water supply planning 
exercise, the rebuttable position is to build nothing and all other alternatives are compared to that 







no action alternative.  The analysis is used to justify (or not) the construction of reservoir of a 
certain size and design in order to meet certain water supply needs.  Under the 404(b)(1) 
guidelines, the rebuttable position is the alternative that is ideal for the environment—i.e., the 
alternative that causes the least environmental impacts regardless of any other factors.  The task 
of the permit evaluation is to determine, based on costs, applicant needs and other factors that 
fall under the category of practicability, how much environmental damage is justifiable.   
 
Starting with different rebuttable positions potentially results in different final decisions because 
it can shape the kind of analysis that is done and it can frame the discussions leading to a permit 
decision.  However, this difference between SVP and the Guidelines can be reconciled.  The 
essential features of SVP, which were summarized above, do not require that the rebuttable 
position be the no action alternative.  The essential logic of analysis within SVP—i.e., using a 
multi-objective, systems-based approach—can be applied to a decision in which environmental 
considerations receive greater emphasis, as is the case with 404 permitting.  Implementing SVP 
with the rebuttable position of 404 permitting may introduce some new challenges that will need 
to be addressed, but the benefits of the SVP approach can still be gained. 
 
The other crucial difference between SVP and the 404 permitting process is likely to be more 
challenging—each approach relies on different institutionalized processes that are used to 
execute a study or project.  The key distinction here is that the permitting process is sequential, 
as described above, while SVP is designed to be “front-loaded”, with substantive involvement of 
stakeholders from the earliest stages of a project.   Typically, the applicant initiates a permitting 
process and conducts much of the analysis that is used to support it.  This limits stakeholder 
involvement in discussions of key issues, such as the basic need for a project.  In general, it’s 
appropriate for an applicant to If SVP is to be used for regulatory decisions, the procedural 
differences will need to be identified and resolved. 
 
SVP is founded on P&G planning and relies on many of the methods and techniques typical to 
Corps planning studies.  Section 404 permitting is a regulatory process which has evolved along 
a separate track within the Corps.  Furthermore, the people who work on Corps planning studies 
and those who set Corps planning policy are different from the people who work in the Corps’ 
regulatory program.  This suggests that there might be significant cultural differences between 
the two programs that would need to be overcome.   
 
Recommended Actions 
 
A collaborative approach like Shared Vision Planning can offer many benefits to the regulatory 
program, especially for permit applications that are likely to spark public controversy.  There are 
some differences between SVP and the approach usually used for 404 permit decisions, but it is 
argued here that these differences are not insurmountable.  However, several key questions 
remain.  First of all, how relevant is SVP for the regulatory program—are there likely to be many 
controversial permit applications in the future?  How can SVP be applied to regulatory decisions 
under current policy?  Are certain policy changes needed for SVP to be applied in the regulatory 
program?  What policy changes would make SVP more feasible, or even routine, in the 
regulatory program?  SVP has been beneficial in other water planning situations but it has not 







been applied in a regulatory context.  It is important to examine how well SVP would work for 
404 permit decision.  Several activities could address these questions. 
 


1. Is there a need for SVP in the regulatory program?  There certainly have been 
controversial cases within the regulatory program that might have benefited from a 
rigorous collaborative decision-making method.  IWR is currently preparing a survey that 
will go out to regulatory project managers at various districts.  This survey is intended to 
gather information from project managers about current and anticipated permit 
applications.  The results of this survey will help IWR determine the likelihood of 
controversial permit cases in the near future.  Follow-up actions could shed more light on 
the potential need for a method like SVP 


 
Recommendation:  IWR should follow-up the survey with targeted interviews of a 


handful of regulatory project managers.  The interviews would 
gather more details about responses to the survey questions, and it 
could ascertain project managers’ expectations about how 
controversial projects are handled and their views about the 
applicability of an approach like SVP. 


 
2. SVP and current regulatory program policies.  Current Corps regulatory policy probably 


allows for SVP to be applied, but it is not entirely clear; further investigation is 
warranted.     


 
Recommendation:  IWR should conduct a brief investigation and prepare a short report 


on what current regulatory policies mean for SVP.  The report could 
point out potential sticking points and necessary policy changes.  It 
could also suggest policy changes that would encourage methods 
like SVP as a matter of routine for contentious permit decisions. 


 
3. How well would SVP work for permit decisions?  As noted above, SVP has never been 


applied in a regulatory context.  Because it has been successful in other contexts, IWR 
predicts that it would be beneficial for permit decisions as well.  This could be examined 
in one of two ways. 


 
Recommendations: Conducting and evaluating the outcomes of a test application would 


be the best way to address this need.  If possible, IWR should 
organize and lead a SVP process for a current or upcoming 404 
permit case.  Ongoing discussions with the Omaha District may lead 
to an application of SVP in Colorado, and there are potential 
opportunities with the Norfolk District as well.  If a case study is 
initiated, a formal process for evaluating its success should be 
implemented.  This project evaluation should produce a separate 
report. 
 
Barring an application of SVP to a permit decision, IWR could 
prepare a report that would start to address this question.  The report 







would have to rely on: a) information produced as part of the survey 
and interviews described in #1 above; b) the policy analysis 
conduced in #2 above; and c) lessons drawn from the work of other 
agencies, such as FERC’s alternative relicensing process.  
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Western States Watershed Study 
 


Collaboration among Federal and State Agencies in Support of Locally-Led 
Watershed Initiatives – Lessons from a Sample of Case Studies  


 
 


INTRODUCTION 


There are many ongoing watershed initiatives around the nation that can provide information 
useful to the Western States Water Council (WSWC) Watershed study, relative to federal and 
state collaboration in support of locally-led watershed initiatives.  Many can contribute valuable 
information about players and their roles, partnership approaches to addressing problems and 
opportunities, issues and innovations in pursing solutions, addressing impediments, funding 
mechanisms, policy and other issues.  This paper summarizes an examination of eight1 initiatives 
of different scopes and scales from around the country, as well as additional information from 
literature and personal communication during the research.  The analysis was conducted to 
provide preliminary information to support the Western States Watershed Study Shared Vision 
Partnership Agreement.  The information will help support development of an “action plan for 
improved collaboration among federal and state partners in support of local watershed 
initiatives.”  It also serves as an interim product from which the study team can determine what, 
if any, additional information might be useful to gather from other examples of watershed 
initiatives in support to the WSWC in implementing the Water Needs and Strategies for a 
Sustainable Future Report.  A questionnaire, and the detailed information collected on the case 
studies examined is provided in Appendix A. 
 
DEFINING COLLABORATION   


It is useful to think of collaboration as “co-labor” as in to work together.  As such it is more than 
coordinating with others and informing them about your plans and intended actions.  To 
collaborate, stakeholders need to: 
 


1. Meet and get to know each other 
2. Identify roles and interests 
3. Coordinate interrelationships – figure out how parties can work together 
4. Identify and commit to things to act on together (pool funding, authorities, etc.) – who 


can do what and commit to what? 
 


                                                 
1 CALFED, Chehalis Basin, Gulf of Mexico Alliance, Hiwassee River Watershed, New River American Heritage 
Rivers Initiative, Sacramento and San Joaquin River Basins Comprehensive Study, Trinity River Corridor Project, 
Upper Mississippi River Basin Association.  
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COMPONENTS OF COLLABORATION IN WATERSHED 
PLANNING 


 


LEADERSHIP AND AUTHORITY 
 
Leadership will vary with each watershed effort.  However, each will need an agency and 
individual or set of individuals to facilitate the various phases and coordinate the various 
components. These facilitation roles may or may not reside with the implementing 
agency/organization.  
 


Needed Leadership Abilities – as defined in CALFED 
Diplomatic Skills 


• Work across parties 
• Work with local leaders and tribal leaders 
• Work with legislative leaders national and 


regional levels 
• Work with federal officials, locally and in 


Washington 
Management skills 


• Organize and manage senior leadership team 
• Create integrated approach among agencies 


with histories of working in silos 
Negotiating skills 


• Work through major policy disputes 
• Resolve financing issues 


System knowledge 
• An interest and knowledge in ecological, 


hydrologic, social, economic and engineering 
aspects of the watershed system 


Source: The Little Hoover Commission’s Review of the 
CALFED Bay Delta Program 


Watershed initiatives require leadership 
that can effectively facilitate the 
organization of partners and stakeholders 
for constructive dialog, facilitate the 
development of objectives, integrate 
public involvement, and aid in dispute 
resolution, and other efforts necessary for 
collaboration.  Accomplishments noted in 
some of the watershed case studies included 
the establishment of leadership structures to 
help identify and focus responsibility and 
authority for components of watershed 
efforts.  
 
Consideration should be given to the nature 
and extent of partner authorities, where 
there may be gaps or questions about the 
delegation of authorities for decision 
making, varying capacities to implement the 
interrelated plan components.  For some key 
actions, implementation authority may rest with 
local governments, rather than state or federal 
agencies.  
 
The commitment of agency leaders to flexibility, support and follow-through are critical to the 
staff’s ability to adopt a problem-solving mindset.  Responses from agency leaders like “that 
isn’t the way we do it” squash creative approaches.  Agency-level incentive and reward systems 
need to support well-intended, creative approaches to problem solving.  Leaders who focus on 
objectives, not procedures, and who evaluate progress toward these objectives tend to foster 
more creative, solution-oriented behavior by their staff.  Similarly, budget systems and processes  
that allow flexibility in the way funds are made available foster more creative and collaborative 
problem solving.  
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VISION 
A shared vision helps partners recognize their interdependence and provides a foundation 
from which to move forward to address watershed needs and opportunities. Agencies and 
stakeholders may not initially see commonality in problems, or how the watershed initiative is 
directly relevant to their missions or interests. Without a shared sense of desired future 
conditions, it will be difficult to acquire consensus on the goals, priorities, and scope of the 
watershed initiative. By jointly articulating their concerns and goals, stakeholders can realize 
interdependence, identify common ground, create a shared vision, and identify how they can 
contribute to the overall vision. 
 


Problems and Opportunities Addressed by the Watershed Initiatives 
 
What is the problem? How do the stakeholders want it to be different? Shared perceptions of the 
problem(s), and “facts” about them is critical to collaboration. Unless the stakeholders agree on 
the problem, they are not likely to agree on a solution.  (Here, “problem solving” is “situation 
changing” whether the situation involves changing a negative situation or something positive that 
you want to build upon.) 
 
A range of different problems and opportunities are being addressed by various watershed 
initiatives.  Major categories of problems frequently being addressed include:  degraded water 
quality in lakes, rivers, streams, and estuaries, due to many different causes, including excessive 
sediment and nutrient loading, non-point source pollution, algal blooms, low dissolved oxygen 
levels, and anoxic conditions; declining and degraded fish and wildlife resources conditions, 
such as declining fish and shellfish populations and fish kills; habitat degradation; loss of 
wetlands, riparian corridors, and natural shorelines; recreational opportunity losses, such 
as fishing, due to the declining state of natural and water resources;  erosion of stream banks, 
coastal areas, and sediment resources, causing water quality problems in adjacent and 
downstream waters, loss of habitat, loss of or damage to property, loss of real estate, and reduced 
navigation channel capacity; loss of life and catastrophic property damage due to flooding; 
breaks and failures of levees due to flooding, causing significant property and agricultural 
damages, as well as loss of wildlife habitat; navigation capacity; hydropower development 
and licensing; water supply for a wide range of in-stream, riparian, and other beneficial uses 
such as drinking water for people and irrigation water for agricultural land.  
 
Less “traditional” problems and opportunities that watershed initiatives may help address 
include:  land use conversions from natural states, or farming, to developed uses, resulting in loss 
of habitat and water and natural resources degradation; protection of natural resource bases to 
maintain or enhance regional economic vitality; removal or improvement of “barriers” to 
community cohesion, such as degraded rivers or floodplains prone to flooding; issues related to 
interbasin diversions of water; risks to human and ecological health due to hazardous spills and 
toxic pollution; and drought planning.  One of the lessons here is that Federal and state agencies 
have the capability and the mandate to address a host of societal issues and goals.  By 
participating in watershed initiatives with their larger partners, local entities have the 
potential to not just address water quantity and quality issues, but also to improve local 
economies, to enhance community cohesion, to improve public health and safety, and to 
improve their local “quality of life.” 
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Solving local watershed problems or achieving opportunities often requires “looking 
upstream” for root causes.  Sometimes the technical analyses required to conduct such 
investigations, or to ascertain cause-effect relationships, require either access to information/ 
expertise or the ability to influence circumstances outside of a local entity’s control.  This is a 
situation in which state and Federal partners, with their larger geographic scope and influence, 
can contribute through assistance in identifying problems and solutions outside or “upstream” of 
the watershed.  They can help to coordinate or influence activities upstream (either solo or 
working with entities in another watershed) so as to address problems and achieve benefits in the 
“downstream” watershed region.   
       
State and federal agencies can gain a better sense of how they may be able to collaborate to 
support local watershed initiatives with not only an understanding of their priority issues, but 
also the efforts they have underway. Among the efforts the sample watershed initiatives have 
underway or are pursuing are:   
 


Local Issue Examples of Products or Activities 
Development of 
watershed 
assessments or 
strategies 


Local watershed plans; comprehensive strategies to address multiple water 
resource needs, including both ecological and economic priorities; 
watershed “work plans”; “guiding principles” be applied to future project 
development in the watershed (e.g., that projects be developed at various 
scales with consideration for the system as a whole, and a management 
structure largely to be administered by a non-federal sponsor); application 
for grant funding and technical assistance to develop and implement 
integrated water resources management plans;   developing priorities for 
restoration efforts in the watershed. 
 


Activities to protect 
and improve water 
quality 


Assessment of stream quality and identification of  key sources of 
degradation and pollution; implementation of mercury and dissolved 
oxygen strategies; investigations into the extent  of toxicity from 
pesticides; collecting monthly water samples and other monitoring; 
informing and engaging local landowners in watershed restoration and 
protection; providing public education about  the value of riparian buffers, 
reducing the effects of  road-building, and information about Best 
Management Practices; technical assistance; conducting  water quality 
summer day camp; operating a “watershed store” (promo items) and 
developing resources for teachers.   


Reducing flood risks  Development of  watershed “Flood Response and Emergency 
Preparedness” reports; proposals to raise levees to increase flood 
protection, and other flood damage reduction projects; and addressing 
localized flood and erosion problems.   


Ecosystem 
restoration 


Proposals to restore river meanders; restore streams by reducing bank 
erosion and failure; improve aquatic habitat by creating and protecting 
riparian buffers; re-vegetating critically eroding bare areas; improving 
pastureland with fencing, riparian buffers, rotational vegetation, reduced 
fertilization; floodplain restoration; fish passage projects; water level 
management projects; salmon monitoring; invasive species control; 
priority fish screens; diversion improvements; island construction, bank 
stabilization, dredging, and various types of water control structures; 
conducting assessments of ecological conditions in the watershed. 
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Recreation 
improvements 


Trails, parks, canoe launches 


Transportation 
improvements 


Large and small scale navigation improvements, including the construction 
of new navigation locks; and construction of a tolled parkway 


Hazardous material 
spill preparedness 
and response 


Development and maintenance of the Upper Mississippi River Spill 
Response Plan and Resource Manual, which includes spill mapping and 
early warning monitoring networks.    
 


Waters supply Promoting water use efficiency by providing technical assistance, 
incentive grants and monitoring for agricultural and urban water 
conservation, water recycling and desalination opportunities; supporting a 
Water Transfers Office, which acts as a clearinghouse for water transfers 
and provides technical assistance to local and regional entities, while 
protecting third parties and the environment. 
 


 
State and Federal programs such as the Gulf of Mexico Alliance can help local entities cope 
with large regional issues, such as the Gulf of Mexico hypoxia and other water quality issues, 
coastal habitat restoration and conservation, promoting coastal community resiliency to natural 
hazards, by asserting an aligned, five Gulf State position on the need to address these issues and 
conducting a public awareness campaign for the Gulf of Mexico. 
 
In some instances, the improvements in addressing local watershed priority needs may result 
from an improved the fundamental knowledge about the watersheds processes, conditions 
and associated resources, along with the effects of current or proposed land use activities. 
Without this, some key stakeholders may impede the development and implementation of the 
most effective watershed plans.  Information from surveys in Texas (summarized in the box 
below) illustrates a range of city and county perspectives. It may or may not be surprising that, 
for example, 50% of the participants did not know the definition of a watershed, or understand 
the concept of non-point source pollution.  Dialog with local watershed groups can aid in 
understanding regional perspectives and needs to help tailor collaborative Federal-state 
assistance.   
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A recent survey of city and county citizens regarding water and watersheds revealed:  
•  There is a great need to educate people about the urban water cycle 
~50% of people think storm water is treated by the wastewater treatment plant 
~56% don’t know what reservoir provides their drinking water 
~66% of the people don’t know where treated sewage is discharged 
~80% think industrial waste discharges are a major or moderate contributor to water pollution 
 
•  There is very little understanding of the watershed concept 
~50% of people did not know the definition of a watershed 
~84% did not know the name of their watershed 
The concept of non-point source pollution is poorly understood 
 
•  Citizens did have a high level of concern about the water quality/clean water 
~85% of the people say that local government should place a high priority on protecting regional 
water resources 
~90% say that it is very important or some what important to fund water quality protection via tax 
increases or impact fees 
~63% are very concerned about drinking quality and contaminants in the water 
 
•  Best ways to reach citizens with information about water/ watershed issues 
~City or county government web sites 
~Billing inserts— material from government sources or environmental groups has greater impact 
~Newspaper articles 
 
•  52% of citizens think that city and county governments have the most responsibility for maintaining 
water quality and the citizens themselves have the least responsibility 
 
•  80% don’t know how much they pay for 1000 gallons of tap water 


 
Source:  2005 UNT Water & Watershed Survey  of City of Denton and Denton County  
http://www.ias.unt.edu/silvey%20society/UNT%20watershed%20survey%20poster.pdf 


 and Texas Water Development Board, 
Water Conservation Public Awareness Research Study  (2004) 


 - see Texas Water IQ http://www.water-iq.org/ 
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Goals and Objectives from the Watershed Initiatives  
 
A range of different goals and objectives are being addressed by various watershed initiatives 
and similar objectives may be stated differently.  Major categories of objectives frequently 
being addressed align with the problems and opportunities identified previously.  Some of the 
locally lead initiatives are developing and implementing plans that address the waters resource 
issues they’ve identified, while others are conducting assessments, monitoring and other 
activities that will contribute information for decisions about future plan development. Some 
examples from the sample of watershed initiatives are provided below. 
 


Category Objective or activity 
Watershed and 
habitat protection 
and restoration 


Coastal ecosystem restoration and protection; reducing flood and 
coastal storm hazards to communities through ecosystem restoration; 
habitat mapping and identification; improved interagency data and 
GIS information sharing; improving riparian, wetland, floodplain, and 
shaded riverine aquatic habitats; promoting recovery and stability of 
native species populations and overall biotic community diversity; 
promoting natural dynamic hydrologic and geomorphic processes; and 
restore and protect the unique floodplain ecosystem while maintaining 
a busy waterway transportation corridor 


Water quality Nutrient reduction to improve WQ and reduce harmful algal blooms;  
healthy beaches and shellfish beds; improved efficiency in water 
quality monitoring; WQ education (educating watershed residents 
about local water quality issues and encourage behavior that results in 
positive watershed/water quality responses); providing volunteer 
opportunities to give citizens within the watershed opportunities to get 
directly involved in the protection and improvement of water quality; 
and protect surface water flow and ground water resources. 


Flood risk reduction Reduce the risk to human life, health, and safety; reduce economic 
damages due to flooding; and minimize the flood management system 
operation and maintenance requirements.   


Water supply Ensure efficient use of the resource through an array of projects and 
approaches; improve levees to protect water supplies needed for the 
environment, agriculture, and urban uses 


Economic 
revitalization 


Create important community and economic opportunities for the 
neighborhoods bordering the river; support recovery and rebuilding 
efforts in a coordinated manner; 


Historic & cultural 
resource 
preservation 


Provide community outreach to preserve and promote local cultural 
identities, such as with “Handmade in America” in Hinton, West 
Virginia.  


Agricultural 
sustainability 


Reduce or prevent the conversion of private agricultural lands to 
purposes other than agricultural production. 


Recreation Create trails and meet the stated regional transportation goals in a way 
that supports economic development, air quality improvement and 
appreciation for the park; create a recreation and urban open space 
amenity while co-existing successfully with flows of vehicular traffic 
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as well as periodic floodwaters; prevention of, and preparation for, 
spills of hazardous materials as a critical element in maintaining the 
multiple uses of the river.   


 
Some local resource managers participating in watershed initiatives specifically request federal 
and state assistance in terms of information, technology, expertise, and partnership-
building (as objectives in and of themselves), such as: access to state/federal data and decision-
support tools and existing partnerships and organizations that can help them accomplish thier 
watershed objectives..  
 


ROLES, RESPONSIBILITIES, AND ACCOUNTABILITY 
 
Identifying roles, and responsibilities relative to the watershed management vision helps in 
developing an understanding of how the agency and other stakeholder roles and 
responsibilities are interrelated.  Understanding these interrelationships will enable better 
coordination and leveraging of expertise and capabilities in planning and implementation. 
Identification of “gaps” in partner roles and responsibilities relative to the watershed vision 
can help identify key stakeholders that may be missing, or impediments the partnership is 
likely to encounter.   
 
Understanding the extent and “bounds” of partner authorities can also dissipate 
misconceptions and misunderstandings which could hinder the development of implementable 
solutions.  Agency authorities have typically evolved independently, yet collaboration requires 
integration and balance.  It may be helpful to note areas of flexibility and non-flexibility 
associated with agency authorities and policy in relation to specific issues.  It is important to 
identify those who: 


• Are responsible for decisions, (have key decision makers agreed to participate?) 
• Are affected by the decisions, 
• Have relevant information or expertise to contribute, and  
• Have the power to block the decisions 


 
Policy development is a role often conducted by government agencies – federal, state, 
tribal, local, regional.  It can influence the development of plans, priorities, statutes, ordinances, 
resource allocation, and operational programs.  It is important to try to relate the implications 
of policy and changes at one level of government on other levels of government – to avoid 
unintended policy conflicts. 
 
The “collaborators” varied among the different watershed initiatives/efforts examined.  In 
most cases, all levels of government are involved:  Federal, state, local, and watershed- or 
regionally-based organizations.  Of the latter, some are “organic,” in terms of being established 
in response to a particular problem in a watershed (e.g., the Hiwassee River Coalition); others are 
government-mandated organizations, established by law or executive fiat as standing bodies to 
be able to respond to and address common water resources problems within a region (e.g., the 
Upper Mississippi River Basin Association).  
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Besides federal and state partners, other public and private entities play significant roles in 
collaborative watershed initiatives.  Some of these include non-governmental organization’s 
(NGO’s) (e.g., the Nature Conservancy, Ducks Unlimited, Trout Unlimited), local groups and 
associations (e.g., homeowners’ associations), public utilities, tribes, educational institutions, 
quasi-government groups (e.g., port authorities, soil and water conservation districts), and 
foundations.  “Media spectators” can also be important players. 
 
While Federal agencies such as USACE, NRCS, USFWS, EPA, USGS, BuRec are frequent 
contributors to local or regional watershed efforts, other Federal agencies may also have and 
interest in the effort and be able to participate.   These could be contacted to find out whether 
they have interest, expertise, funding, or programs to assist in a watershed effort, depending upon 
the issues and circumstances.  Such agencies include the Coast Guard, the Navy, HUD, FEMA, 
Maritime Administration, Bureau of Indian Affairs, NOAA, NASA, DOT, DOE, FDA, Western 
Area Power Administration.   
 
Similarly, multiple departments of state agencies could have different interests and abilities 
to participate in the planning or implementation of initiatives. It may be useful to identify 
which state agencies have responsibility for planning, natural resources management, regulatory 
programs, infrastructure development and maintenance, growth planning, water supply and 
waste management, transportation planning and management, cooperative extension services, 
and other authorities, roles and responsibilities relevant to the watershed initiative. These 
responsibilities can vary significantly from state to state.  Additionally, regional bodies such as 
river basin commissions or other regional associations may be active in the watershed. 
 
There is no single “door to the Federal government” or “door to the States” for locally-led 
watershed initiatives to tap into.  The downside to this is that creativity and energy may be 
spent on identifying the appropriate government player or program that can provide necessary 
expertise and funding.  The plus side is that there truly is a plethora of potentially available 
government assistance.  Several agencies and organizations actually have specialized sub-
groups that help local watershed organizations discover and tap into government resources (e.g., 
state regional conservation councils, or EPA’s university-based environmental finance centers 
that help groups obtain grants and identify funding sources).  See Funding Section. 
 
The roles of the various entities engaged in watershed initiatives will vary, and may be 
nested or hierarchical.  This is due to a variety of factors, including the human and financial 
resources of the groups or agencies, the legal or jurisdictional mandates/ responsibilities of the 
players, or the expertise that a given entity may have within a given watershed.  The leads may 
be formally designated by the governor, state legislature, Congress or the Administration.  Other 
leads may emerge through less formal designation. In addition to leads, other agencies and 
stakeholders may have cooperative roles, or wish to only stay informed and coordinate as 
necessary. This can vary depending on the issues and associated legal authorities and 
requirements, expertise, as well as stakeholder interests and positions.  
 
Federal and state agencies have much to provide in terms of knowledge, expertise, data, 
technical assistance, and funding.  Examples are legion, but can include providing baseline, 
historic, and forecast data germane to watershed initiatives related to ecological and natural 
resources, population, land use, streamflow, water quality, water supply and demand, and 
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economic activity; sophisticated tools and models for watershed assessments and evaluations; 
personnel with scientific, technical, engineering, and planning expertise required for 
development and implementation of watershed plans and projects; and funding to either directly 
fund local initiatives (e.g., through grants or the construction of physical projects), to share in the 
costs of local efforts, and to provide “in kind services” (e.g., provision of data, personnel, 
services) that can be leveraged with local efforts.    
 
Watershed groups can provide and channel “grassroots” support from the public for 
watershed initiatives.  They can provide an organized mechanism for public involvement and 
input (e.g., from private citizens, small business owners, chambers of commerce, homeowners 
and landowners groups, civic associations, farmers, educators, historic preservationists) into the 
“problem identification/ solution formulation” process.  In so doing, they can also “legitimize” 
the process from the public’s perspective – solutions are not perceived as “top-down” 
prescriptions but as “bottom-up” or “up-and-down” (i.e., collaborative)  solutions.  Endorsement 
of watershed plans from local watershed groups can be key to the acceptance – and success -- of 
those plans.  They can actually coordinate political support for watershed plans and projects.  
They can influence local governments to adopt “watershed-friendly” local ordinances. 
 
Similar to watershed groups, NGO’s can also channel “grassroots” support for watershed plans 
and projects from their members and coordinate political support by virtue of the size and 
clout of their membership.   
 
Related to public involvement, watershed groups offer a mechanism to organize and 
incorporate volunteer efforts (e.g., data collection, resource monitoring, public education and 
outreach) into watershed initiatives.  In turn, state and Federal agencies can help fund or 
support volunteer efforts through underwriting of educational programs, contributions or 
development of educational materials, hosting workshops, and providing data collection systems 
(e.g., equipment, instruments, databases) that volunteers employ for watershed-related 
monitoring and data collection.   
 
In a collaborative study identify which agency/agencies are accountable for the various 
components or the parts of the study.  Some of the large scale watershed studies, such as the 
CALFED Program and the Comprehensive Everglades Restoration Plan, have sought to define 
the roles, responsibilities, and facilitate coordination of the state and federal agencies through a 
various types of charters, agreements or Memorandums of Understanding.  Memorandums of 
Understanding can be a useful tool to help identify where the accountability rests for various 
aspects of the watershed initiative. 


Facilitators play critical roles in a watershed initiative, and there is no set prescription as to 
whether a state, federal or non-public entity employee should fill this role. It is important to 
have an individual or individuals working to integrate the various partner programs and 
activities for synergy in working toward the overall watershed objectives. Without integration, 
the independent actions may not significantly contribute to the over all goals, or could even work 
at cross purposes. Similarly, opportunities for leveraging and synergy may be missed.  
Sometimes the need to staff such a function is overlooked.  For example, CALFED Program, 
found it beneficial to have staff focused on strategic planning, program performance, and 
communications. These are elements that are important in a large-scale integrated study, but may 
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be over looked where efforts are focused on data and technology needs or the opportunistic 
implementation of isolated projects.  
 


ORGANIZATION AND STRUCTURE 
 


• Who leads the effort?  This will vary with each watershed effort, but often the local 
watershed group plays the central coordinating role. 


• Who constitutes the leadership/ voice/ decision-making role within the watershed groups?  
Examples:  a Board of Directors appointed by county or local governments  


 
Lead entities in watershed coordination and facilitation.  The leads in watershed initiatives 
vary , but often some organization (e.g., a locally-led watershed group, a multi-state river basin 
association, a state-chartered “reclamation board” or “resources agency,” etc.) takes the lead in 
facilitating communication between the other entities.  This does not mean that the “lead” 
agency/ entity is the sole planning, decision-making, or implementing body by any means, but 
rather serves as a conduit or a “point-of-contact” for organizing the interactions of the other 
groups.  Federal representatives may also serve in this role (e.g., the “River Navigators,” 
established by the American Heritage Rivers Program, designated to serve as liaisons for all the 
Federal agencies participating in a river or basin initiative).      
 
Federal and state agencies usually play a major role (although this does not connote 
“dominant”) in all aspects of developing watershed plans:  study scoping, problem 
identification, future without-project condition modeling, brainstorming and development of 
possible measures or solutions to address the problems identified, evaluation and assessment of 
alternative measures (future with-project condition modeling), and input as to recommended 
solutions.  An obvious reason for this is the traditional role played and expertise accumulated by 
Federal and state agencies in water resources planning.  Another reason is the legal mandates that 
often require Federal and state input, coordination, and approval.  The challenge for all parties 
engaged in locally-led watershed initiatives is to be able to tap into this body of Federal and state 
experience without losing the benefits of acting at the “local level”– usually operating within 
shorter time frames, with local input, at smaller-scales, and with flexible solutions to watershed 
problems.            
 
While development of watershed plans may be highly collaborative with input from dozens of 
stakeholders, Federal and state agencies often lead or play key roles in implementing the 
solutions (especially more expensive and larger-scale solutions) to watershed problems and 
opportunities.  In some cases, the federal and state agencies are “charged” with this responsibility 
by law or executive decision, or by virtue of agency technical expertise or funding authorities. 
 
Some of the other supporting roles played by State and Federal agencies include facilitating 
cooperative planning and coordinated management of a region’s water and land resources. This 
might be done by working through state conservation districts or state cooperative extension 
services; cost-sharing in private landowner implementation of best management practices 
(BMP’s); and providing education and technical assistance on stormwater projects.   
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A watershed study for Newport Bay, California, suggested organization structure for activities that impact 
the Newport Bay Watershed. Provisions for multiple avenues of funding various watershed activities were 
included.  Information from this study may be useful in other watershed initiatives and is summarized 
below.   
 
 


Newport Bay Watershed, California.  The Newport Bay Watershed Study developed an overarching 
vision for organizing the roles and activities that have an impact on the Newport Bay Watershed. This 
framework focused on a systematic approach looking for the management needs that would exist if all 
the stakeholders were part of one common organization. 
 
An organizational structure for watershed management was suggested that it includes three basic 
elements, each has their own specific purpose, but they are also all mutually supportive: 
 


1. Watershed Agency – Executive level collaboration and authority (environmental 
representatives, counties, Districts, cities, etc.) 


 
2. Watershed Council – Strategic collaboration, negotiation and coordination between 


stakeholders; assist at the policy levels of member agencies (executive committee members, 
business community representatives, financing firms, regulators, academia, public, etc.) 


 
3. Public/Private Watershed Foundation – Funding integration to coordinate the 


implementation of watershed related activities 
a. Donations, funds, endowments, mitigation fees, public funds, investments, grants 
b. Vehicle for coordinating existing efforts, pulling together funding, and using it in 


strategic ways through it’s various implementation programs. Because every 
stakeholder plays some role in impacting a common watershed system, yet typically 
each have different objectives and concerns of their own, the Foundation is a public-
private partnership that can simplify complex issues for people and engage each of 
them on their terms 


 
Source: Newport Bay Watershed/San Diego Creek Watershed Management Study – Los Angeles District (2005) 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


PROCESSES 
 


• What processes can watershed initiatives employ when large-scale, system-wide efforts 
are difficult to manage? 


• How can watershed efforts keep communication processes open and transparent? 
• What processes can help reconcile technical, policy, or decision-making issues? 


 
Many of the case studies found it useful to break-up the watershed plan into smaller, more 
manageable regions or focus areas.  Attempts to develop large-scale, system-wide plans are at 
times found to be insurmountable as stakeholders can be polarized beyond the point of 
compromise. Large-scale plans are also difficult to carry-out due to commonly-experienced 
funding and human resources limitations. In addition to focusing on sub-regions of the watershed 
during the planning phase, consider breaking the plan up into smaller pieces during the 


 13







implementation phase as well. This will help parties reach agreement on a plan and will provide 
agencies or stakeholders with a better opportunity to fund and implement the plan. 
Note: While breaking watershed plans into sub-watershed regions may be a useful 
approach, strategies need to ensure that these plans are integrated back to the watershed 
scale. 


 
Planning and implementing watershed initiatives can take a long time. If an agency or 
stakeholder believes that they can achieve their goals more quickly and effectively on their own, 
they often time withdraw from the collaborative process and preclude a full set of solutions from 
being developed or implemented. These participants are needed in a collaborative watershed 
initiative. Breaking a watershed initiative into smaller components and demonstrating early 
successes may help to keep these participants engaged. It can take a long time to achieve all 
the components in a “watershed plan”, so demonstrating incremental progress is key.  


Obstacles of polarization and lack of funding, have led some watershed studies to conclude 
with an “Interim Report”. Although an early termination of a study is not ideal, these Interim 
Reports often capture some key findings and set the stage for use of the system-wide plan to 
ensure smaller-scoped projects can be developed in the future. 


Collaborative watershed initiatives work best if open and transparent processes and 
communication are maintained. A technique applied by the CALFED and CERP programs has 
been to conduct an independent review of certain components of the watershed initiative. The 
CALFED program conducts an independent fiscal, management and governance review at least 
every seven years. The CERP conducts an independent scientific review every two years. A less 
formal approach that has also been applied is to conduct an independent review by a technical 
group to help maintain an open and transparent decision-making process and to ensure the 
integrity of the plan.  
 
In addition to open and transparent communication, it is also important to consider 
mechanism(s) for communication that will keep various parties engaged and enthused. 
Agency or stakeholder interest can wax/wane through the life of a watershed study. A lack of 
commitment will cause a drop off of energy and momentum. Focus on maintaining efficient and 
effective stakeholder involvement, so parties will feel as if their time is being used wisely. Work 
towards a few early successes and celebrate those successes. A few key initiatives that are 
undertaken early may help to maintain the collaborative environment that has been 
developed and continue the positive momentum of the team.  
 
Some of the watershed case studies found it useful to have procedures in place to help 
reconcile technical, policy and decision-making issues.  These processes were found to be 
most effective when carried out in an open and visible manner. The CALFED Program also 
sought to set-up a process for receiving stakeholder and public input prior to major program 
decisions being made. Their approach included establishing a Public Advisory Committed to be 
the conduit through which the public interest and input is channeled to Program decision makers. 
The Chehalis Basin Partnership Interim By-laws include provisions for decision making, with an 
appendixes on consensus decision making - 
http://www.crcwater.org/cbp/20000726cbpbylaws.html#20 . 
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Adaptive Management is integral to watershed initiatives, but may not be widely accepted 
by watershed partners.  The term “adaptive management” can make some partners 
uncomfortable, because of uncertainties in outcomes and the potential need for future 
investments.  It is helpful for partners to discuss the use of processes that can evolve and adapt 
over time along with the implementation of watershed plans. Not only do the plans change over 
time, but so do the priorities, knowledge and players. Agencies or individuals that are more open 
to change may be better equipped to move forward with a complex, an often time unwieldy, 
watershed initiative.  


 
Planning processes that involve coordinating fundamentally different program authorities 
and missions has proven to be challenging.  These issues are due to the jurisdictional and 
institutional differences that can be limiting or in conflict when viewed on the eaches, but may 
be less of a problem if a more holistic and systemwide approach is taken.  By taking a step back 
and considering a broader perspective of the watershed initiative, more doors and 
opportunities for agency and stakeholder alignment may occur.  


Complex watershed initiatives that involve a multitude of stakeholders also require an 
education regarding those partner agencies’ processes. An example of this is that even when 
the USACE is working within a watershed context, it must still follow internal policy guidelines 
and abide by regulations – other partners will need to understand why the USACE is “doing” 
certain things.  A separate issue is the perceived “dominance” of Federal regulations – which 
must be followed to allow Federal (or USACE) participation. By educating the participants in the 
watershed initiative of one another’s processes, an understanding will be gained of how one 
another’s agencies “works” and how they might work better together. 


To ensure continued cooperation, it is critical that watershed studies receive stakeholder and 
public input prior to major policy decisions being made. A mechanism, which would vary 
with the size and scale of the initiative, is often needed to help provide an organized manner for 
being inclusive, yet not disruptive.   Some of the watershed initiatives have established  Public 
Advisory Committees to be the conduit through which the public interest and input is channeled 
to program decision makers.  
 
Sharing expertise and collaboratively acquiring and examining new information can help 
stakeholders dissolve misconceptions, and enable them to work through differences. Science and 
technical analysis can provide a common baseline for productive debate among parties with 
interest-based differences. Formation of “technical advisory committees” can provide a source of 
credible scientific review.  
 


FUNDING 
 
Pools of sponsors often support the watershed initiatives because watershed effort may be 
beyond the financial capability of any one sponsor. Different agencies can fund different 
components of collaboration (e.g., participation in workshops, provide portion of operating 
budgets for local watershed groups, actual sharing of costs for physical projects, sharing of 
educational materials, personnel resources, data resources, etc.).  Some of the different types of 
funds include: 
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o Public funds  
o Donations 
o Endowments 
o Grants 
o Investments 
o Mitigation Fees 


 
Public funds can support various aspects of planning, construction, operation and maintenance.  
These funds may be specifically designated for a project or activity, or leveraged from 
complimentary programs, projects and activities within and among agencies.  
 


 CALFED included a combination of federal, state, and local funding sources, including 
proposed new general obligation bonds, and a new water resources infrastructure 
investment fund.   


 
 City bonds and funds from state and federal agency programs support the Trinity River 


Corridor Project.  Multiple departments and regional authorities within the state will 
potentially contribute to the project, e.g.: Texas Parks and Wildlife (trail and canoe 
launches), Texas Department of Transportation, North Texas Tollway Authority 
(construct, operate and maintain the parkway as a tolled facility), and North Central 
Texas Council of Governments (planning and allocation of state and federal 
transportation funds). 


 
 A study authority and supporting appropriations for the Sacramento and San Joaquin 


River Basins, California Comprehensive Study funded the Corps’ study efforts, and most 
Federal, state, local and regional agencies and organizations participated at their own 
cost.   


 
 The Hamilton City Project, which contributes to the  Sacramento and San Joaquin River 


Basins initiatives, is funded by the state (California Bay Delta Authority) and the Corps 
under its project authority and associated funds. The TNC contributed staff to participate 
in project design. 


 
 The Chehalis Basin Partnership has received funds from the State of Washington 


Department of Ecology (Watershed Management Grants), and other public and private 
funds intended for watershed planning and implementation.  Grays Harbor County and 
the Corps are funding an Ecosystem Restoration and Flood Damage Reduction Study 
within the basin. The Centralia Flood Damage Reduction Study is funded by Lewis 
County and the Corps. 


 
 Federal support to the Gulf of Mexico Alliance began by leveraging existing federal 


programs and associated funds in response to an action in the President’s Ocean Action 
Plan to form a workgroup to support the five-state Alliance. Once the Alliance priorities 
were further defined, and efforts to match 13 agencies’ programs with actions were 
initiated, some agencies are recommending redirections in recent and future budgets to 
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better support the regional priorities. In some instances, agencies are proposing to request 
additional funds in out-years to support the Alliance. 


 
 


o EPA, which is one of the federal co-leads, supports the efforts largely through its 
Gulf of Mexico Program. NOAA, the other federal co-lead has aligned a number 
of its Coastal Services Center, programs supporting Coastal Zone Management to 
support the regional priorities, and established an Gulf Region Support office. 
NOAA’s Special Projects Office, within the National Ocean Service's 
Management and Budget Office, facilitative and strategic communications 
support, and staff from the National Marine Fisheries Service are providing 
facilitation of the focus area teams and participating specific projects. 


   
 The five states environmental quality agencies in the Upper Mississippi Basin 


Association pay dues which support, among other things, water quality planning 
activities, and planning work for a Hazardous Spill Group.  EPA supports some of this 
work, and state water quality monitoring and assessments.  Corps ecosystem restoration 
activities in the basin are supported through programmatic funds – both construct (EMP) 
and study/investigations (NESP).  The Corps also transfers funds to the USGS to 
administer the Upper Mississippi Environmental Management Program monitoring 
program. 


 
 In most cases, local watershed entities share with Federal and state agencies in the costs 


of solutions proposed by watershed studies/ initiatives.  In other cases, the local groups 
carryout coordinating and planning roles, but are almost entirely dependent on federal 
and state grants and programs for implementation.    


 


Hiwassee River Watershed Coalition, Inc and its projects are supported by a combination 
of membership dues, donations, local funding, and grants.  These funds are leveraged with 
state and federal project and study funds. 


• Annual individual memberships start at $25; small business and organizational memberships start 
at $100.  


• Georgia state appropriations are used to investigate sources of poor water quality in Tennessee 
Valley Authority (TVA) reservoirs within the watershed. 


• Federal agencies (NRCS, TVA) have cost-shared on restoration projects. 
• TVA and local soil and water conservation districts each provide 10% of the Coalition’s 


operating budget. 
• Agricultural BMP’s are locally funded, cost-shared between private landowners and soil and 


water conservation districts. 
• The North Carolina Clean Water Management Trust fund has supported restoration of initiatives 


(e.g. $400,000 to the Valley River in Cherokee County, NC, with two more restoration grants 
totaling more than $1.0 million  awarded in 2005 to continue the six year program of work; 
additional grants were provided in earlier years to support other watershed efforts.) 
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The Catalog of Federal Funding Sources for Watershed Protection Web Site provides a 
searchable database for approximately 100 financial assistance sources (grants, loans, cost-
sharing) available to fund a variety of watershed protection projects. Users can search on subject 
matter criteria, or on words in the title of the funding program.  Criteria searches include the type 
of organization (e.g., non-profit groups, private landowner, state, business), type of assistance 
sought (grants or loans), and keywords (e.g., agriculture, wildlife habitat). 
http://cfpub.epa.gov/fedfund/


The Catalog of Federal Funding Sources for Watershed Protection Web Site provides a 
searchable database for approximately 100 financial assistance sources (grants, loans, cost-
sharing) available to fund a variety of watershed protection projects. Users can search on subject 
matter criteria, or on words in the title of the funding program.  Criteria searches include the type 
of organization (e.g., non-profit groups, private landowner, state, business), type of assistance 
sought (grants or loans), and keywords (e.g., agriculture, wildlife habitat). 
http://cfpub.epa.gov/fedfund/ .  


Resources for funding organizations are available from a range of sources. Several examples are 
included at a “Resources for Funders” website: http://www.epa.gov/owow/funding/funders.html 
which includes links to regional funders networks, ideas for opportunities for funding 
organizations to support collaborative efforts, assistance to non-profit organizations ( 
http://www.guidestar.org/about/index.jsp?source=dnabout ), links to tools and tutorials for grant-
making organizations, and resources like a Network for Smallgrowth and Livable Communities ( 
http://www.fundersnetwork.org  ). 


A range of funding sources have supported the New River, American Heritage Rivers 
Initiative, which helps river communities seek federal assistance and other resources to address their 
regional goals.  Examples include:   


• Private foundation funding for start-up and operating support 
• A trust fund for planning, preparation of a GIS map/database, providing out reach to landowners 


about voluntary conservation methods, and preparing an alternative wastewater treatment feasibility 
study. 


• A state trust fund for streambank restoration in the town of Boone, which hopes to leverage 
matching funds (on a 65% federal; 35% non-federal basis) from the U.S. Army Corps of Engineers. 


• State trust funding to clean up an abandoned copper mine in the Peak Creek sub-watershed, which 
potentially could be leveraged with federal funds. 


• EPA grant funds for planning, outreach, and data collection for 18 counties in Virginia and West 
Virginia.  


• EPA grant funds for riparian buffer/streambank planting on riverfront farmland, where the land 
owner has donated a 50-foot-wide buffer along the streambank; planting will be done by 
AmeriCorps volunteers. 


• Private Foundation funding for two-year operating support of New River Community Partners' 
North Carolina programs and projects. 


• Federal Emergency Management Agency as been approached to provide funds for a watershed-wide 
all-hazards mitigation plan; matching state and private foundations funds will be sought for hazard 
mitigation project implementation. 


• Appalachian Regional Commission provided federal funding for community education and 
capacity-building; and for economic development activities that include a feasibility study/business 
plan for a virtual business park, tourism development masterplan for the Virginia Creeper Trail, and 
downtown revitalization masterplanning. 


• The private, non-profit North Carolina Rural Economic Development Center provides funds for a 
demonstration project in rural sustainability and development of civic infrastructure of rural 
communities.  


ural sustainability and development of civic infrastructure of rural 
communities.  
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The Environmental Finance Center Network (EFCN) maybe another useful resource for 
financing watershed initiatives; (see:  http://efc.boisestate.edu/watershed/aboutus.asp ) . 
 It is a university-based organization dedicated to creating innovative solutions to manage the 
cost of environmental protection. The Network works with the public and private sector, 
addressing "how to pay" issues and promoting a sustainable environment.  The EFCN is largely 
supported by EPA's Environmental Finance Program, and is comprised of nine Environmental 
Finance Centers (EFC), each affiliated with an EPA region – see below.   


Region 1: University of Southern Maine  
Region 2: Syracuse University  
Region 3: University of Maryland  
Region 4: University of North Carolina at Chapel Hill  
Region 4: University of Louisville  
Region 5: Great Lakes EFC at Cleveland State University  
Region 6: New Mexico Institute of Mining and Technology  
Region 9: California State University at Hayward  
Region 10: Boise State University  


 
The EFC network currently includes the offices listed below, each of which has different areas of 
expertise.  The Boise Center maintains a searchable Directory of Watershed Resources, with 
information about funding source and tools. It is accessible from: 
http://efc.boisestate.edu/watershed  . One of the tools is “Plan2Fund”, which helps organizations 
determine their funding needs to meet the goals and objectives of their Watershed Program Plan.  
 
Crosscut budgets could be used to identify related programs and responsible agencies to ensure 
all related activities are accounted for and integrated. In these exercises, agencies layout the 
components of their budgets that do or could contribute to the watershed initiative. Jointly 
looking at this information facilitates identification of potential synergies by better coordinating 
programs across agencies, elimination of redundancies, and gaps that could be filled with 
redirection of funds (where this flexibility exists), pursuit of additional partners, or potentially 
new budget requests. 
 
Funding is a consistent challenge. While many watershed initiatives identify insufficient funding 
as a barrier to collaboration, locally lead initiatives may lack visibility to help attract resources 
and other support.  At any scale, funding shortfalls may impede effective facilitation for 
coordination and creative collaboration, funds may not be available to adequately staff studies 
or undertake more sophisticated analysis. An integrative plan may be developed but there may be 
no financing mechanism for implementing components of the watershed plan.  (e.g. Hiwassee, 
Chehalis, Sacramento and San Joaquin, Upper Mississippi each identified the lack of funding as 
a barrier). 


Some watershed initiatives have found it difficult to synchronize project funding across all  
implementing parties in a timely manner. One of the partnering agencies may have the 
funding available to implement their piece of the watershed initiative, but another agency that is 
also funding an integrated element, may not have their funding available at the same time. This 
can make it difficult to carryout a component of a watershed initiative when it has multiple 
funding partners.   
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Uneven availability of resources, in terms of levels of funding or the timing of it’s availability, 
affects agency and stakeholder involvement. By recognizing this, collaborative partnerships can 
try to accommodate involvement of the key players in spite of these challenges.  


 


BENEFITS OF COLLABORATION IN WATERSHED PLANNING 


 
o Relationships and partnerships built can help identify and secure federal, state, local, and 


private resources to address watershed issues –. 
o Education and capacity building can be important benefits of collaboration.   
o Implementation of multiple interrelated projects rather than single isolated projects.  
o Once established, the partnerships, data, models, coordinating and decision processes can 


save time and money in future projects in the region.  
o Improved communication and a better understanding of partner/stakeholder authorities, 


programs and capabilities. 
o Requests for funds for projects and actions recommended through a collaborative watershed 


partnership process, may potentially have a competitive advantage in budget priority. Also, 
multiple partners can contribute to the implementation of the various actions and projects.   


o Integrated, collaborative plans can help prevent overlap and duplication, resulting ultimately 
in resource and time savings. 


 
A distinct advantage of a collaborative watershed initiative or study, over a single purpose 
study or a single entity pursing a single objective within a defined area, is the ability to address 
multiple, interrelated problems at the same time; to be able to achieve multiple positive 
outcomes through tackling inter-related problems in a coordinated fashion; and to leverage 
financial resources among multiple entities so that no one party has responsibility to finance the 
entire “solution.”  
 
One simple example may illustrate this advantage.  Degraded water quality within a watershed 
may be attributable to multiple causes such as excessive erosion along streams or rivers, and 
runoff from crop or pasture land, road-building, or human development. Excessive sediment 
loading can degrade or result in loss of instream habitat, smothering aquatic vegetation and 
benthic communities, reducing light penetration, and reducing stream channel depth.  The 
shallower, sediment-filled channels can also result in increased water temperatures, loss of 
navigational access and recreation opportunities.  Potential flood risks to adjacent properties may 
also increase due to loss of flow conveyance capacity within the channel.  The erosion of land 
itself adjacent to the stream can result in loss of, or damage to property, and loss of real estate.  
These effects are likely to collectively degrade the aesthetic values of the watershed.  By 
addressing all these problems in a watershed context (e.g., it’s not just a dredging or a 
flooding or a habitat degradation problem, but an erosion and excessive sediment problem) and 
getting the various stakeholders to collaborate to formulate and implement integrated 
solutions (e.g., dredging the channel to remove sediment may not represent a lasting solution, 
but initial channel dredging in combination with widespread implementation of BMP’s, 
stormwater retrofits, and wetlands restoration to capture sediment and flood flows in the 
watershed is a sustainable solution), it is possible to develop longer-lasting and more effective 
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solutions that address multiple problems, achieve multiple desired outcomes, and distribute 
the cost among multiple beneficiaries and stakeholders.   
 
 
 
REALITIES OF COLLABORATION 


What are some of the “take away” messages that resonate throughout the various watershed case 
studies reviewed?   
 
First, collaboration is not necessarily easy or quick.  To collaborate does require time, money, 
and staff support.  Often the collaborative process must “go slow, to go fast” later.  The upfront 
investment of time, money, and resources to build relationships and processes for 
communication, developing a common vision, establishing organizational structures, defining 
roles and responsibilities, devising financing strategies, etc. – may initially be time-consuming. 
However, these relationships and groundwork can subsequently pay great dividends and longer 
term benefits in terms of efficient working relationships, time and cost savings, improved 
processes and synergies from better use of public and private funds, common understanding 
between stakeholder groups, and greater likelihood of issue resolution when differences of 
opinion inevitably arise.   
 
The flip side of the “go slow to go fast” observation is that collaborative efforts should 
produce some immediate successes or spin-off activities in order to demonstrate legitimacy 
and effectiveness, and help to sustain public, political, or institutional support.  An obvious 
danger in delaying “success” is also that the problems being addressed may continue to worsen 
(e.g., resources continue to deteriorate, economic benefits are foregone, hazards continue to pose 
risks, etc.).  The meaningful collaborative environment that has been nurtured by the watershed 
group can be used to support the prioritization and implementation of key initiatives – so that 
some early and/or important successes can be demonstrated. 
 
Collaboration provides a greater understanding of how the contributions of each entity or 
partner fit into an integrated solution.  This understanding can build mutual support of partner 
programs, budgets, and priorities.  The various members of the watershed collaboration therefore 
become “concerned constituencies” for each other – they can advocate for each other and their 
combined “voices” carry more influence.   
 
Trust among stakeholders can be built through transparency in the collaborative process, 
to include sharing information, open communication, and honest expressions of expectations.  
Acknowledging the contributions of all parties and sharing credit for the successes also helps 
build trust and can help sustain partnership relationships. 
 
Collaboration is adaptive and evolutionary.  Physical, ecological, and social circumstances in 
the watershed can change.  Roles and responsibilities may change.  What once appeared to be a 
viable or effective solution may no longer be.  Rather than coming together once to develop or 
implement a static plan or solution, the very establishment of a collaborative partnership allows 
the stakeholders to continue to engage with each other over time, so that management of the 
watershed resources can truly be adaptive and responsive to changing circumstances.      
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For better or for worse, politics and political philosophies will influence the success of 
watershed efforts.  For example, adjoining states in a watershed may have different policies and  
priorities relative to interrelated issues, creating a challenge to the “comprehensiveness” and  the 
overall effectiveness and success the watershed solutions. 
 
An article titled: Making Conservation Work-Lessons from a Comprehensive Assessment of 
collaboration in environmental management2, provides some helpful insights and is also 
applicable to collaboration in watershed initiatives.  Information form the article relevant to this 
analysis for the Western States Watershed Study includes: 
 
• Collaborative partnerships enable individuals and organizations to establish a basis of 


common concern that lets them approach problems and opportunities creatively. 
 
• Collaborative approaches may be called by different names, but typically are: place based, 


cooperative, multi-party, grounded in high-quality information.  They involve building 
relationships between individuals and organizations, with interrelated interests, but who may 
typically be isolated or even alienated from each other. 


 
• Most of the successful efforts studied fostered opportunities for greater levels of interaction 


among agencies, community groups, interest groups, and private landowners, by creating 
working groups, coordinators, and the like.  They developed effective processes that 
leveraged opportunities for real dialogue and substantive involvement.  


 
• Recognizing Interdependence – A strong identification with a geographic location or 


community, and articulation of shared goals can help stakeholders realize their 
interdependence and “common ground.” Establishing a basis of common concern helps the 
stakeholders approach their differences creatively.  Creation of “joint mission or vision 
statements” to address common problems facilitates this. 


 
• Focusing on the Problem – The way problems are defined greatly influence the solutions 


developed.  “Is the problem ‘where should we site new landfills?’ or ‘how do we deal with 
municipal solid waste?’” Negotiation primers emphasize focusing on interests, not positions.  
Identifying and dissolving misconceptions is also key. Joint learning processes in which all 
parties contribute expertise to the problem can help in better understanding the problems and 
opportunities, and development of more creative solutions.  


 
• Ground rules for discussion that reduce emphasis on issues of “who is to blame,” create more 


productive environments for discussing issue, desired outcomes, and creative solutions. 
Sharing expertise, collaboratively acquiring/examining new information through multiple 
perspectives can help dissolve misconceptions and work through differences. Science can 
provide a common baseline for discussion among parties with interest-based differences. 


                                                 
2 The authors examined an array of 200 cases of collaboration in environmental management.  
Yafee, Steven L., and Julia M. Wondolleck, in Conservation Magazine, Winter 2000, (Vol 1, No. 
1).  http://www.conbio.org/CIP/article11MAK.cfm?print=y . 
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Formation of “technical advisory committees” can provide a source of credible scientific 
review. 


 
• Partnerships are People – Successful collaborative efforts are based on human relationships.  


These relationships help create a shared sense of ownership of the problem. “You don’t build 
trust until you actually get to know people a little bit.” Involve local champions that exist in 
communities.  Early and substantial involvement in the process, development of plans, and 
implementation and monitoring, by these and other stakeholders help connect successful 
outcomes with people’s efforts.  


 
• An Entrepreneurial Approach – This includes establishing relationships, securing resources 


and institutional support, marketing of the effort, and pushing for effective implementation. 
Instead of being constrained by existing procedures, persist in searching for solutions and 
taking a risk on a different course of action than typically used.  Persistence and positive 
approaches are other “entrepreneurial” characteristics. Success motivates agency leaders and 
potential partners.  A commitment of agency leaders to flexibility, support and follow-
through are critical to staff ability adopting a problem-solving mindset.  Responses from 
agency leaders like “that isn’t the way we do it” squash creative approaches.  Agency level 
incentive and reward systems need to support well-intended, creative approaches to problem 
solving.  Leaders who focus on objectives, not procedures, and who evaluate progress toward 
these objectives tend to foster more creative, solution-oriented behavior by their staff.   


 
Opportunities presented by “picking low hanging fruit,” can help creative collaboration, building 
relationships and testing new approaches that may emerge at the ambiguous interfaces between 
agency rules and procedures.   The authors refute the criticism that such partnerships represent an 
unlawful abdication of statutory authority to individuals who may not be representative of the 
broader public interest and who may make choices that are not scientifically sound. They argue 
that “the issue is not whether trans-boundary groups should be involved in resource 
management; rather, how should their involvement be managed so that results are informed and 
accountable to the broader public trust?” They suggest that accountability in collaborative 
processes can be ensured 1) making them adjunct to traditional public decision making, 2) 
maintaining rights of public comment and appeal, and 3) incorporating independent science and 
appropriate performance measures. 


 
The material presented in this document may be useful at several levels in support of the Corps’ 
Western States Watershed Study (WSWS), and the Western States Water Council’s Water Needs 
and Strategies for a Sustainable Future Report. Some of the information may serve individual 
watershed initiatives which vary in focus, scope and scale.  Some of the information may also be 
used at a broader level, such as in the development of a Federal Support Team to support the 
Western States Water Council (WSWC), and in helping to define the role of a position for a 
federal liaison to the WSWC.  Depending on the focus and needs of WSWS team members, the 
next steps to be undertaken as part of this assessment could include examination of additional 
watershed case studies either specifically in the western region or elsewhere in the country, to 
gather additional lessons learned.  Alternatively, future efforts could focus more specifically on 
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topics of particular interest such as financing and funding mechanisms, or an examination of 
emerging efforts that integrate growth and development issues into watershed planning and 
management.
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Watershed Lessons Learned Case Study 


CALFED 
 


1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
CALFED Bay-Delta Program 
Web site: http://www.calwater.ca.gov  
Publications page: 
http://www.calwater.ca.gov/CALFEDDocuments/CALFEDDocuments.shtml  
2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
The San Francisco Bay/Sacramento-San Joaquin Delta (Bay-Delta) estuary is the largest 
estuary on the West Coast. The Bay-Delta includes over 738,000 acres in five counties. 


 
 
3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
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The CALFED Bay-Delta study area is defined by the watershed/tributary boundaries that 
flow into the Delta.  


4.  What agencies/entities are participating?  (Federal agencies, state and local 
governments, Tribes, non-Governmental organizations (NGO’s), local stakeholder groups, 
etc.) 
Lead Agencies 


• Resources Agency of California 
• U.S. Fish and Wildlife Service 
• U.S. Bureau of Reclamation 
• U.S. National Marine Fisheries Service 
• U.S. Environmental Protection Agency 
• U.S. Natural Resource Conservation Service 
• U.S. Army Corps of Engineers 


Responsible Agencies 
• California Environmental Protection Agency 
• California Department of Fish and Game 
• California Department of Water Resources 
• California State Water Resources Control Board 


Cooperating Agencies 
• U.S. Forest Service 
• U.S. Geological Survey 
• U.S. Western Area Power Administration 
• U.S. Bureau of Land Management 


Other Agencies 
• Delta Protection Commission 
• California Department of Food and Agriculture 
• The Reclamation Board 


5.  What are the respective roles played by the various agencies/entities in # 4? 
Lead Agencies-State and federal agencies who have the principal responsibility for carrying 
out or approving the project. 
Responsible Agencies-State agencies, other than the lead agency, with a legal responsibility 
for carrying out or approving the project. 
Cooperating Agencies-Federal agencies, other than the lead agencies, with jurisdiction by 
law or special expertise with respect to any environmental impact. 
Other Agencies-Agencies that regularly participate. 
 
6.  What problems and opportunities have been identified?  Which are being addressed? 
Ecosystem Restoration. The health of the Bay-Delta system has declined as a result of a 
number of factors, including degradation and the loss of habitats that support various life 
stages of aquatic and terrestrial biota. Further, the decline in health has resulted from 
activities within and upstream of the Bay-Delta system. 
 
Water Supply Reliability. The Bay-Delta system provides the water supply for a wide range 
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of in-stream, riparian, and other beneficial uses such as drinking water for millions of 
Californians and irrigation water for agricultural land. While some beneficial water uses 
depend on the Bay- Delta system for only a portion of their water needs, others mostly or 
totally depend on Bay-Delta water supplies. As water use and competition among uses has 
increased during the past several decades, conflicts have increased among users of Bay-
Delta water. Heightened competition for the water during certain seasons or during water-
short years has magnified the conflicts. 
 
Water Quality. Good-quality water is required to sustain the high-quality habitat needed in 
the Bay-Delta system to support a diversity of fish and wildlife populations. In addition, the 
Bay- Delta system is a source of drinking water for millions of Californians and is critical to 
the state's agricultural sector. 
 
Levee System Integrity. There is a growing concern that increased levee height (due to 
ground subsidence), coupled with poor levee construction and inadequate maintenance, 
make Delta levees vulnerable to failure, especially during earthquakes or floods. Failure of 
Delta levees can result in flooding of Delta farmland and wildlife habitat. Similarly, levee 
failure on key Delta islands can draw salty water up in to the Delta, as water from 
downstream rushes to fill the breached island. This is of particular concern in low-water 
years when less fresh water is available to repel the incoming salt water. Such a failure 
could interrupt the water supply for urban, agricultural, and environmental uses, and 
degrade water quality and aquatic habitats.  
7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 
Ecosystem Restoration -  Improve the health of the Bay-Delta system through restoring and 
protecting habitats and native species 
Water Supply Reliability - Expand water supplies to ensure efficient use of the resource through an 
array of projects and approaches 
Water Quality - Improve water quality from source to tap for the 22 million Californians whose 
drinking water supplies come from the Bay-Delta watershed 
Levee System Integrity - Improve Bay-Delta levees to provide flood protection, ecosystem benefits, 
and protect water supplies needed for the environment, agriculture, and urban uses 
8.  What solutions/recommendations have been planned or proposed to address the 
problems and opportunities, objectives and constraints? 
DIRECT CALFED ACTIONS 
Ecosystem restoration 


• Continuation of POD studies to determine actions to reverse decline 
• Salmon monitoring 
• Invasive species control in the Delta and Lake Davis 
• Priority fish screens 
• Red Bluff Diversion Dam improvements 
• HCP/NCCP(s) 


Water Quality 
• ELPH Implementation 
• Franks Tract construction 
• Continued implementation of the Mercury and Dissolved Oxygen Strategies 
• Investigations into the effects of toxicity and pesticides 
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Environmental Water Account 
• Support minimum annual water purchase program 
• Develop additional long–term water purchase agreement if funding is available 


Conveyance 
• Obtain federal and/or CVP water user cost-sharing commitment for Conveyance 


actions 
• Operate at 8,500 cfs 
• Complete South Delta Hydrodynamic and Fish Facility Improvement Studies; then 


pursue design and construction of improvements 
• Complete North/Central Delta Hydrodynamic and Water Quality Modeling Studies; 


then pursue design and construction of improvements 
Levees 


• Preserve future Delta options by committing adequate funds to maintenance of the 
levee system 


• Support Delta levee improvements to the appropriate level of protection 
• Provide adequate funding to complete the Delta Risk Management Strategy 
• Continue technical studies on subsidence reversal techniques and beneficial reuse of 


dredged materials 
• Continue improvement of in-Delta emergency response capability 


Surface Storage 
• Complete feasibility studies 
• Make decisions on whether to proceed with surface storage projects 


Science 
• Use sound science to guide implementation through the continued review by the ISB 


and other independent scientists 
• Coordinate scientific monitoring, assessment and studies across CALFED Program 


elements, especially on critical issues like the current investigation of Pelagic 
Organism Decline and with programs such as the Interagency Ecological Program 


• Direct research and CALFED Science Fellows toward the development of priority 
scientific information needed to plan and implement effective and efficient 
CALFED Program actions 


• Continue communication of new relevant scientific information to the scientific 
community, resource managers, policymakers and the public 


Coordination and Planning 
• Develop CALFED Program strategic plan regarding Delta as part of the Delta 


Vision process 
• Initiate new environmental documentation 


COORDINATED CALFED ACTIONS 
Integrated Regional Water Management (IRWM) 


• Provide grant funding and technical assistance for development and implementation 
of IRWM plans by local and regional entities 


• Coordinate and improve data collection and management, develop performance 
measures and improve analytical tools to guide implementation of IRWM 


Strategic Planning 
• Continue statewide strategic planning, including synthesis of regional planning 
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efforts through the California Water Plan update process 
Water Use Efficiency 


• Continue statewide Water Use Efficiency Program, providing technical assistance, 
incentive grants and monitoring for agricultural and urban water conservation, water 
recycling and desalination opportunities 


Water Transfers 
• Continue the Water Transfers Office, which acts as a clearinghouse for water 


transfers and provides technical assistance to local and regional entities, while 
protecting third parties and the environment 


9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 
As of Feb 2005, these accomplishments have been made to address the program objectives: 
Ecosystem Restoration 


• $850M invested – Fish populations rebounding; splittail delisted; 53,000 acres of 
agricultural land protected 


Water Supply Reliability 
• $1.5B invested in storage, desalination, recycling and water conservation. Improved 


reliability of Delta supplies 
Water Quality  


• $190M invested – Comprehensive mercury and salinity strategies under 
development 


Levee Stability Integrity 
• $83M invested – 700 miles of levees better protected, emergency response improved


Science 
• $88M invested – Science integrated into real-time water operations 


10.  What are the financing mechanisms employed to conduct the studies?   What financing 
sources or mechanisms, if different, are employed to implement the recommended 
solutions?  
The next 10 years of the CALFED Program is budgeted at $35B with the following 
breakdown: 
$21B – Fed, state and local funding sources 
$9B – New General obligation bonds (with proposed legislation) 
$5B – New Water Resources Investment Fund (with proposed legislation) 


11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  
The CALFED Program is a collaborative effort where roles, responsibilities, and 
coordination are defined through a series of agreements between agencies and with local 
sponsors. The effectiveness of this collaboration is questionable in terms of producing 
results, but this is not due to lack of effort on the part of program managers, but rather 
reflects the nature of an inter-agency program. Other comprehensive efforts, such as Central 
Valley Project Improvement Act and the State Water Plan, that address similar objectives 
are closely coordinated to prevent overlap and duplication. All Federal, state, regional or 
local agencies and private entities that are or could be involved in projects that address any 
of the four objectives are involved in coordination and implementation. Crosscut budgets 
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are used to identify all related programs and responsible agencies to ensure all related 
activities are accounted for and tracked. 


12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
After some years of operational experience, an independent review of CALFED was 
conducted (2005), and the following issues associated with governance and collaboration 
within the CALFED Program were addressed. The areas of concern were: 
 
Agency Integration 
The California Bay Delta Authority (CBDA) was originally created as a separate state 
agency and governing board which was comprised of both public and agency members. The 
CBDA was established to address problems with dispersed authority, lack of accountability 
and lack of durability. The intent was for it to blend, and if needed, arbitrate among the 
competing interests. Once put into practice, it was realized that the Act that created the 
CBDA was not clear about which agency/agencies would be accountable for the CALFED 
Program, or the parts of the program. Leadership was disconnected from the traditional 
agency hierarchy and in this case, it made more sense for public accountability to rest with 
the agencies, given their authority for implementation. 
 
ACTION - Establish the CALFED Leadership Council. This state/federal group will be 
established through a state/federal Memorandum of Understanding and comprised of the 
directors of seven state and seven federal implementing and regulatory agencies. Unlike the 
former Policy Group, this version will include stakeholder representatives as decision-
makers. The Council will be cochaired on the state side by the Secretary for Resources and 
on the federal side by a designee of the Secretary of the Interior. Major decisions affecting 
the implementation of the CALFED Program would be made by the CALFED Leadership 
Council in public meetings after receiving advice from a Public Advisory Committee. 
 
Independent Oversight. 
Another role of the CBDA was to provide independent oversight of the CALFED Program. 
Since the CBDA included public and agency members, it was perceived that it could not 
adequately provide independent third-party review. In addition, the CBDA has no true 
authority to influence the direction of the Program. 
 
ACTION – Eliminate the CBDA Board and conduct an independent fiscal, management, 
and governance review at least every seven years. This will help maintain an open and 
transparent decision-making process. 
 
State Public Advisory Committee 
To ensure continued cooperation, it is critical that the CALFED Program receive 
stakeholder and public input prior to major policy decisions being made. It was found that 
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the existing Bay-Delta Public Advisory Committee (BDPAC) was hampered by federal 
rules that prohibited it from directly advising both state and federal agencies. In addition, 
the BDPAC does not adequately represent the broad array of public interests associated with 
the CALFED Program.  
 
ACTION – Establish a state Public Advisory Committee to be the conduit through which 
the public interest and input is channeled to Program decision makers. The Public Advisory 
Committee will advise and make recommendations about general policy and strategic 
implementation of the CALFED Bay-Delta Program through the CALFED Leadership 
Council and to any parties charged with conducting an independent review of the Program. 
This state Public Advisory Committee will meet in public on a regular basis and would have 
up to 30 members appointed by the Governor in consultation with the Secretary of the 
Interior. It would replace the current federally-chartered Bay-Delta Public Advisory 
Committee, and will reflect the broad diversity of both the state’s population and 
stakeholder groups involved with implementation of the CALFED Bay-Delta Program, 
including tribal and environmental justice representatives. It is expected that the Public 
Advisory Committee will develop subcommittees, as needed. 
 
Role of California Bay-Delta Authority Staff 
Staff capacities of CBDA are essential to orchestrating the CALFED Program effort. It is 
critical to have CDA staff that can focus on strategic planning, program performance, 
communications and science. 
 
ACTION – Reassign the CBDA staff to work under the direction of the state lead in support 
of the CALFED Leadership Council.    
13.  What are the barriers to collaboration?  Are there particular types of issues than can 
or cannot be addressed? 
Leadership 


• It is not clear who is responsible for the success or failure of CALFED. 
• It’s not clear who speaks for the Governor. 
• Political leadership is needed to resolve policy disputes and reach agreement. 
• Federal interest in CALFED has diminished since the ROD was signed. 
• Extraordinary leadership is necessary to maintain strong federal-state ties. 


Mission-Vision 
• There is waning consensus among participants on the goals and priorities of 


CALFED. 
• The core purpose of the Bay-Delta Authority (BDA) is not agreed upon by 


participants. 
• Stakeholders do not agree on the scope of CALFED. 


Authority 
• The BDA does not have the authority it needs to meet expectations. 
• Neither the BDA, nor CALFED overall, are viewed as a place where member 


agencies, their customers and other stakeholders can achieve their goals quicker and 
more effectively than they can on their own elsewhere. 


Organizational Issues 
• The structure of the Authority’s board does not support its functions. 
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• The coordination and oversight functions of the Authority are seemingly in conflict. 
• The role and function of the board of the BDA, relative to its staff, is unclear. 
• The independent science program has not met needs or expectations. 


Procedures 
• Adaptive management has not been adopted. 
• Procedures are not established to resolve “boundary” issues. 
• Decision-making procedures have not been adequately developed. 


Accountability 
• The progress of the program and evidence that progress is “balanced” is not clear to 


all parties. 
• Legislative oversight has been ineffective. 
• Public decision-making is not providing needed transparency. 


14.  What processes are not working?  Can these be characterized as institutional, 
jurisdictional, fiscal, communications-related, education-related, etc.?    
The following domains require change: 


• Executive leadership needs to be clarified and strengthened. 
• Legislative leadership needs to be focused on policy choices and outcomes. 
• Interagency coordination should be predicated on science-based adaptive 


management. 
• The science program needs to be independent, adequately funded and used to guide 


decisions. 
• Stakeholder involvement should become more efficient and effective. 
• Oversight needs to be outcome-based and verifiable. 
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Watershed Lessons Learned Case Study 
Chehalis Basin 


 
1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
Chehalis Basin Partnership 
Web site: http://www.co.grays-harbor.wa.us/info/pub_svcs/ChehalisBasin/Index.html  
2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
The Chehalis River Basin covers over 2,600 square miles in southwestern Washington.  The 
Chehalis River is about 125 miles long, flowing from the Willapa and Doty Hills northeast 
and the northwest to Grays Harbor and the Pacific Ocean.  The river basin includes major 
portions of Lewis, Thurston, and Grays Harbor Counties, minor amounts of Mason, Jefferson, 
Pacific, Cowlitz and Wahkiakum Counties, and the western flank of the Cascade Mountains, 
and southern Olympic Mountains.  Major tributaries include the Newaukum, Skookumchuck, 
Black, Satsop, Wynoochee, Wishkah, Hoquiam, Humptulips, Johns and Elk Rivers.   
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3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
The study area is defined by the watershed boundaries. 


4.  What agencies/entities are participating?  (Federal agencies, state and local governments, 
Tribes, non-Governmental organizations (NGO’s), local stakeholder groups, etc.) 
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The Chehalis River Basin Partnership and Planning Unit may include, but are not limited to: 
• Counties: each county in the Chehalis River Basin 
• Cities: each interested city and town in the Chehalis River Basin 
• Tribes: the Confederated tribes of the Chehalis Indian Reservation and Quinault 


Indian Nation 
• Water Supply Utilities: a representative of the water supply utilities in the Chehalis 


River Basin 
• Port Districts: a representative of the port districts in the Chehalis River Basin 
• State Departments: Washington State Departments, Fish & Wildlife, Natural 


Resources, Agriculture, and Ecology 
• Federal Agencies: BIA, USGS, Bureau of Reclamation, FWS, EPA, NMFS, Forest 


Service, USACE and NRCS 
• Major Interests: a minimum of four members representing various major interests in 


the Chehalis River Basin. Major interests include but are not limited to timber, 
agriculture, business, fisheries, recreational, environmental, and industrial water users 


• Private Citizens: one private citizen from each of the counties  
 
An Intergovernmental Agreement was signed by most members to form the Partnership and to 
designate a lead agency.  
5.  What are the respective roles played by the various agencies/entities in # 4? 
Under the Chehalis Basin Partnership the following roles have been defined: 


• Chehalis Basin Partnership or “Planning Unit” – a non-governmental organization 
that represents a wide range of water resource interests within a Water Resource 
Inventory Area (WRIA) or multiple WRIAs that is responsible for preparing a 
watershed plan addressing the elements identified in the Watershed Planning Act. 


• Lead Agency – Grays Harbor County, the organization designated to enter into and 
manage contracts on behalf of the Planning Unit 


• Steering /Technical Advisory Committee, Citizens’ Advisory Committee and the 
Water Quality Committee – advisory committees to the Partnership 


 
Under the Centralia Flood Damage Reduction Study, the USACE and Lewis County are the 
implementing agencies. 
 
Under the GI funded Chehalis River Basin Study, the USACE and Grays Harbor County are 
the implementing agencies. 
6.  What problems and opportunities have been identified?  Which are being addressed? 
Problems in the Chehalis Basin are predominantly related to issues with managing water 
quantity.  Water quality studies have shown that low summer instream flows contribute to 
elevated temperatures and low dissolved oxygen. It is expected that population and economic 
activities in the Chehalis Basin will increase, and these trends will make additional demands 
on the water resources. 
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Goals of the Partnership are: 


• General Goals - Work together to find solutions, build relationships, and obtain 
consensus on the Plan while fostering a sense of the importance of watershed 
management and stewardship. 


• Public Involvement Goals – Use the Citizen Advisory Committee and increase 
public information and involvement to raise awareness of citizens about watershed 
issues. Gain input from the public in developing and adopting the Plan. Encourage 
basin residents to implement the Plan, with government support. 


• Water Quantity Goal – Bridge the gap between existing stream flows and target 
flows for fish, wildlife and human use. 


• Water Quality Goal – Prevent degradation of and/or improve water quality to have 
clean water for all fish, wildlife and human uses. 


• Habitat Goal – Prevent degradation and improve habitat to support self-sustaining 
fish and wildlife populations and to support water quality and quantity goals.  


 


The Watershed Management Plan presents an opportunity to address all of the above 
elements.  


7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 
The objectives of the Partnership is to coordinate local, tribal, state, federal and private efforts 
to: 


• Reduce the effects of flooding 
• Enhance fish resources 
• Improve recreational opportunities 
• Protect surface water flow and ground water resources 
• Protect recognized beneficial human uses of surface and ground water while at all 


times recognizing the relationships of these issues to the economic health and 
sustainability of the basin. 


8.  What solutions/recommendations have been planned or proposed to address the problems 
and opportunities, objectives and constraints? 
Two projects are underway in the Chehalis Basin to address issues related to flood damage 
reduction and ecosystem restoration. They are: 


• Centralia Flood Damage Reduction Study – sponsored by Lewis County and the 
USACE, focuses on reducing flood damage to the greater Centralia-Chehalis area and 
I-5. 


• Chehalis River Basin Ecosystem Restoration and Flood Damage Reduction Study 
– sponsored by Grays Harbor County and the USACE addresses needs of the entire 
Chehalis River Basin, with the goal of addressing degraded environmental conditions, 
identifying opportunities for enhancing habitat, and addressing localized flood and 
erosion problems. 


 
9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 
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An Ecosystem Restoration Workgroup has been formed with participants from the three 
largest counties (Grays Harbor, Thurston and Lewis); Federal, state and local agencies; 
affected tribes; and interested citizens to evaluate and screen potential restoration projects.  
Phases I and II of the Basin Characterization have been completed, which outlines historic 
and existing conditions within the basin. The Chehalis River Basin Ecosystem Restoration 
and Flood Damage Reduction Study was not in the President’s budget for FY 07. 


10.  What are the financing mechanisms employed to conduct the studies?   What financing 
sources or mechanisms, if different, are employed to implement the recommended solutions?  
The activities of the Chehalis Basin Partnership are funded by the: 
1) Watershed Management Grants made available by Department of Ecology, and/or 
2) Other public and private funds which are intended for watershed planning and 
implementation 
 
The Chehalis River Basin Ecosystem Restoration and Flood Damage Reduction Study is 
funded by Grays Harbor County and the USACE. 
 
The Centralia Flood Damage Reduction Study is funded by Lewis County and the USACE. 
11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  
Currently state, federal, and local governments, tribes and citizens are active in the Chehalis 
Basin Partnership (CBP).  They participate at all levels (policy and planning).  Each month 
representatives dedicated hours of time to attend the three meetings of the standing 
committees and the CBP meeting.  Active participation also requires time outside of the 
meetings to properly prepare for upcoming discussions or contributions.   


12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
Since the CBP is a planning unit and not a unit of government, implementation of the 
watershed plan is dependent upon one or more partners taking the lead.  For example, a 
committee formed to work on outreach, while Grays Harbor College agreed to be our GIS 
Clearinghouse.   


13.  What are the barriers to collaboration?  Are there particular types of issues than can or 
cannot be addressed? 
Barriers to collaboration are primarily financial.  Many organizations cannot dedicate enough 
staff time to the work of the CBP. 


14.  What processes are not working?  Can these be characterized as institutional, 
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jurisdictional, fiscal, communications-related, education-related, etc.?    
The biggest process that is not working is outreach and education.  It's a real challenge to find 
an audience to listen to our message and be interested in our work.  The basin is large and 
issues are complicated and extensive.  How do you create a message with limited resources 
that captures the public's attention? 
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Watershed Lessons Learned Case Study 
Gulf of Mexico Alliance * 


*While not a “watershed effort” per se, the initiative provides ideas and experiences relative 
to the multi-state/ multi-fed partnerships, and a Federal Workgroup supporting a regional 


Alliance. 
 


1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
Gulf of Mexico Alliance    http://www.dep.state.fl.us/gulf/  ; also see: Alliance  “working Web site” 
http://www2.nos.noaa.gov/gomex/upcoming/welcome.html    
 
2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
Primarily the northern Gulf of Mexico coastal waters and coastal US counties from SW 
FL through AL, MS, LA and TX.  Coordination has been initiated with Mexico and the 
Caribbean regions on restoration and conservation.  Multiple scales are being examined 
depending upon the issue, e.g. coastal regions in individual states, all US Gulf coastal 
states, and all US and Mexican coastal states.  
 
 


3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
Coastal regions of the 5 US states along the Gulf of Mexico, although some coordination 
has been initiated with Mexico and the Caribbean because of shared ecosystem processes 
and resources. 
The topics of focus include 1) nutrient reduction, 2) water quality relative to human 
health and shell fish (including standardizing monitoring for harmful algal blooms, and 
nutrient standards), 3) habitat mapping and identification (including interagency sharing 
of data and GIS information through improved data standards and consistency), 4) coastal 
ecosystem restoration and protection, (including improving consistency and innovations 
in environmental compliance and regulatory issues; also reducing hazards to communities 
through ecosystem restoration) and 5) environmental education and outreach.   
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4.  What agencies/entities are participating?  (Federal agencies, state and local 
governments, Tribes, non-Governmental organizations (NGO’s), local stakeholder 
groups, etc.) 
Federal:   13 Federal Agencies participate in a Federal Workgroup co-lead by NOAA and 
EPA – DOI (USGS, FWS, NPS, MMS), COE, State Dept, NASA, FDA, Dept Agr., 
Navy, DOE, DOT . The President’s Ocean Action Plan specified formation of a 
workgroup to support the Gulf Alliance and designated EPA and NOAA as co-chairs – 
for a fact sheet on the Federal workgroup see:  
http://www2.nos.noaa.gov/gomex/fwg/fwg_081606.pdf  
State:  varies from state to state. Each state has a principle designated by the Governor’s 
office, which may be from DEQ, DNR, DMR, and other offices.  Additional staff 
participate in the workgroups at the focus area level. 
Regional: Gulf of Mexico Foundation 
Non-profit NGO:  TNC 
 
5.  What are the respective roles played by the various agencies/entities in # 4? 
The 5 state principles provide strategic directions for developing and implementing the 
Governor’s Action Plan for Healthy and Resilient Coasts,  March 28, 2006  
http://www.dep.state.fl.us/gulf/files/files/GulfActionPlan_Final.pdf 
 The plan challenges the Alliance Partnership to make tangible progress over 
the next 36 months, setting the stage for a longterm partnership that can address an 
expanded suite of issues, culminating in a healthier Gulf of Mexico ecosystem and 
economy.  
 


• EPA and NOAA co-lead facilitation of discussions to coordinate and target 
agency programs, resources and activities in support of the Action Plan. Various 
agencies have identified actions that they can lead, support or coordinate – 
primarily within existing programs and budgets. However since the formation of 
the Alliance, several agencies – EPA – Gulf of Mexico Program, NOAA, and 
NASA have been able to adjust budget priorities to support the regional Alliance. 


• A state lead was identified for each of the focus areas;  the co-lead agencies  
identified staff to facilitate each of the focus areas – working with the states and 
the federal workgroup staff. Each state has taken the lead for one of the five priority 
issues outlined in the Governors' Action Plan 


• The Gulf of Mexico Foundation obtained a grant from EPA to facilitate a number 
of the working meetings of the subgroups, providing meeting planning, logistics, 
and other support. 


• TNC participates in the restoration meetings to integrate their GoMex eco-
regional planning priorities and targets with the Alliance initiatives.  


 
6.  What problems and opportunities have been identified?  Which are being addressed? 
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Rather than a comprehensive suite of issues, the Alliance decided to start with a 
collection of issues common to all of the states (see #3 above). These issues track 
closely with the Gulf of Mexico Program issues and initiatives, that predated the 
Alliance. This reduced scope of efforts has allowed the federal agencies to not only 
focus their supporting efforts, but provide a “manageable” suite of tasks around with 
to learn how to coordinate and collaborate. 
• The downside of this approach is that resolution of some issues cannot be 


effectively done in isolation from others not on the list but which they are 
interrelated (e.g. habitat and water quality, with marine transportation and oil and 
gas resources extraction and processing). 


• In several instances, federal agencies have been able to identify programs and 
activities that could support some of the Alliance actions. Coordination within the 
Federal workgroup has identified opportunities in which the Federal agencies can 
coordinate their programs for greater synergies, and improved consistency. 


• The definition of regional priorities has allowed the federal agencies to focus 
some of their programs where they have flexibility to adjust existing programs, or 
as targets for new programs.  Similarly, supporting legislation is being drafted in 
some instances. 


• The environmental education and outreach group an active network of staff 
among the agencies. An individual stationed at the Dauphin Island Marine lab 
was hired to serve as the lead.  Extensive work has been done to develop list 
servers and information that could be made available to teachers for use in 
schools and as press releases. However, given that one of the issues is the adverse 
impacts of the rapid development along the coasts of the Gulf states, there has 
been little effort yet to target planning and investments for now and the near 
future. 


• The Corps is using the opportunity to share it’s Regional Sediment Management 
experiences and technology, and to collaborate with other agencies (e.g. USGS, 
MMS, NMFS, EPA) and the states to develop a sediment management master 
plan for the region that addresses sediment sources, and resource needs for 
different types of habitats, levees and other design features for coastal storm risk 
reduction, and to maintain ports, inlets and navigation channels.   


• There are plans to share experiences across agencies and the 5 states on 
innovations in compliance and regulatory requirements in connection with 
restoration planning. 


• Work is underway to share data, technology and protocols for addressing water 
quality, and habitat management issues. 


• Corps participation is challenged due to project specific funding 
• The limited staff in some states make it very difficult to participate robustly in all 


of the focus area groups.  
• Hurricanes Katrina and Rita hit just before the Action plan was finalized.  This 


diverted the attention from the action plan efforts, delaying some of the originally 
planned efforts. However the dialogs that had begun prior to the events facilitated 
partnerships in the response efforts –including choreography of data collection, 
improve data and information sharing, and other. An additional focus area on 
Coastal Community Resilience was added to the priority issues. 
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7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 
Over all objectives:   


• Support regional leadership of the five Gulf States 
• Supplement Gulf Coast recovery and rebuilding efforts in a coordinated manner 
• Provide local resource managers with state/federal data and decision-support tools 
• Build upon existing partnerships in the Gulf, including the non-regulatory EPA Gulf of 


Mexico Program 
Water quality for healthy beaches and shellfish beds 


• Improve harmful algal bloom detection and forecasting in the U.S. and Mexican Gulf 
States 


• Improve beach water quality management 
• Improve government efficiency in water quality monitoring 


Wetland and coastal conservation and restoration 
• Streamline coastal restoration and conservation efforts 
• Increase the safety of Gulf communities by better understanding the risks of localized sea 


level rise, storm surge and subsidence 
Environmental Education 


• Galvanize local communities to protect the Gulf of Mexico through targeted education 
• Conduct a public awareness campaign for the Gulf of Mexico 


Identification and characterization of Gulf habitats 
• ID-1: Create and provide access to interactive habitat maps for priority Gulf of Mexico 


habitats 
Reduction of nutrient inputs to coastal ecosystems 


• Increase regional coordination in the development of nutrient criteria 
• Implement nutrient reduction activities during Gulf recovery and rebuilding 
• Assert an aligned five Gulf State position on the need to address Gulf of Mexico hypoxia 


 
8.  What solutions/recommendations have been planned or proposed to address the 
problems and opportunities, objectives and constraints? 


• Many initiatives are underway.  See Action Matrix at 
http://www.dep.state.fl.us/gulf/files/files/imp_activities_matrix.pdf   and the discussion in 
question 9. 


9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 


The Federal co-leads have met with each of the governors to reaffirm their 
commitment to the Alliance. (recent elections resulted in some changes in the states).  
This reaffirmation was expressed by state staff as important to their being able to 
continue active participation in the Alliance focus groups.  Additionally, the Federal 
co-chairs and the state leads have met to assess progress to date and to strategize 
about next phase activities beyond the 36 month period. 
Many efforts are underway within each focus area (see status for each at  
http://www2.nos.noaa.gov/gomex/welcome.html ). Some examples are provided 
below: 
• Water Quality and Nutrients: Held a Nutrients Criteria conference; developing an 
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inventory of hydrodynamic and water quality models developed for the region; workshop 
on ecological impacts of hypoxia;  


• Habitat Identification: Federal, state team to identify requirements for a regional data 
management platform and portal, standard metadata formats, and inventory of existing 
habitat data for region; training to the states on use of the tools. 


• Restoration and Conservation: held restoration issues workshop in each state; 
development of a regional sediment management master plan underway; compiled a 
community resilience matrix of state and federal programs and activities. 


• Environmental Education and Outreach:  Hired a coordinator (3 year term) to network, 
facilitate Alliance communications, and coordinate regional education and outreach 
activities; held series of workshops one in each state to solicit citizen input into Alliance 
priorities and actions; Newsletter, see:  
http://www2.nos.noaa.gov/gomex/gulf_news/gomnews_0907.pdf  . 


 
10.  What are the financing mechanisms employed to conduct the studies?   What 
financing sources or mechanisms, if different, are employed to implement the 
recommended solutions?  
13 federal agencies, state agencies, NGOs – see Item 4 
 
EPA grant to Gulf of Mexico Foundation has supported some of the actions, especially 
those involving workshop organization and facilitation. 
Stakeholders are supporting legislation and appropriations that will better enable NOAA 
to support the Alliance efforts. 
NASA has integrated support to the Alliance priorities in its out year research programs. 
The USGS is coordinating it’s Science programs in the Gulf. 
Other agencies are leveraging existing project and program funds. 
States similarly have sought opportunities to adjust their budgets to support synergies 
through collaborating on activities with each other and with the federal agencies. 
 
11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  


• EPA and NOAA co-lead facilitation of discussions to coordinate and target 
agency programs, resources and activities in support of the Action Plan. 13 
Federal agencies participate through a Federal Workgroup, which has a 
conference call every other week. 


• Various agencies have identified actions that they can lead, support or coordinate 
– primarily within existing programs and budgets. However since the formation of 
the Alliance, several agencies – EPA – Gulf of Mexico Program, NOAA, and 
NASA have been able to adjust budget priorities to support the regional Alliance. 


• A state lead was identified for each of the focus areas, and the co-lead agencies 
have identified staff to co-facilitate each of the focus areas – working with the 
states and the federal workgroup staff. 


 
12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
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Progress is being made in each focus area and on the items in the action matrix, some of 
which have been adjusted as knowledge is shared through the collaboration. Most of the 
significant progress has been in those areas that were able to link ongoing or planned 
programs and activities and achieve synergy through coordinating the efforts. In some 
instances agencies were able to re-orient to support the Alliance priorities.  In some 
instances the agency strategies for out-years have been able to integrate Alliance 
priorities.   
13.  What are the barriers to collaboration?  Are there particular types of issues than can 
or cannot be addressed? 
Generally, not understanding other federal or state agencies authorities and programs can 
preclude exploration of the potential for collaboration.  This knowledge contributes to 
understanding what agency limitations and potential flexibilities may be governed by 
authority and mission, policy, and funding. 


14.  What processes are not working?  Can these be characterized as institutional, 
jurisdictional, fiscal, communications-related, education-related, etc.?    
It is too early to say whether there are processes that are not working as the Alliance only 
began working on the Action Plan in March of 2005, and efforts were interrupted by the 
effects of Hurricanes Katrina and Rita.  However, having initiated the partnerships aided 
in better coordinated response activities, particularly related to data collection, mapping 
changes, and other efforts. It also lead to the development of a new working group on 
community resilience to natural hazards.  As with most initiatives, staff limitations, 
which can occur at the state or federal levels, are a challenge; such challenges can create 
a impediments to continuity in developing shared visions and carrying out work plans 
and various levels of the collaborative partnership.  The Federal Co-leads have provided 
staff to help facilitate workgroup efforts through transition periods.  Some issues are 
raised to the Priority Issues Group to assist with resolution. 
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Watershed Lessons Learned Case Study 
Hiwassee River Watershed 


 
1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
Hiwassee River Watershed Coalition, Inc.  (HRWC) (founded in 1995)   
Web site:  http://www.hrwc.net  
Publications page:  http://www.hrwc.net/publications.htm 
Director:  Callie Moore, hrwcoaltion@brmemc.net, 828-837-5414 
 
2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
The headwaters of the Hiwassee River begin in the mountains of northern GA and flow 
through NC before veering west into TN to join the waters of the Tennessee River.  The 
entire Hiwassee River basin drains 2,700 square miles of land, much of which lies in the 
Chattahoochee (Georgia), Nantahala (North Carolina), and Cherokee (Tennessee) 
National Forests.   
 
HRWC works in the upper 1,006 square miles of the basin in Towns & Union counties, 
Georgia and Cherokee and Clay counties, North Carolina (see map below).  Major 
tributaries to the Hiwassee River in this watershed include Nottely River, Valley River, 
Brasstown Creek, Tusquitee Creek, Fires Creek and Shooting Creek.  There are four 
major reservoirs: Chatuge, Nottely, Hiwassee and Apalachia.  All are owned and 
operated by the Tennessee Valley Authority.  
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3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
The area the Coalition works in is defined by watershed boundaries – the upper 
Hiawassee River watershed.  Program and projects undertaken are also conducted on a 
watershed basis.   


4.  What agencies/entities are participating?  (Federal agencies, state and local 
governments, Tribes, non-Governmental organizations (NGO’s), local stakeholder 
groups, etc.) 
Non-profit NGO:    


• Hiwassee River Watershed Coalition, Inc. (LEAD ORGANIZATION) 
• Towns County Homeowners Association 
• Communities in Schools of Clay County 
• Local Garden Clubs 


Federal:    
• USDA Natural Resources Conservation Service 
• Tennessee Valley Authority 
• US Forest Service 


State:   
• NC Dept. of Environment and Natural Resources (Divisions of Water Quality and 


Soil & Water Conservation) 
• NC Ecosystem Enhancement Program 
• NCSU Cooperative Extension Service 
• GA Dept. of Natural Resources 
• UGA Cooperative Extension Service 


Local:   
• Towns & Union counties, GA 
• Clay & Cherokee counties, NC 
• Soil & Water Conservation Districts (3) 
• City of Hiawassee, GA 


Regional: 
• Southwestern NC RC&D Council 


 
5.  What are the respective roles played by the various agencies/entities in # 4? 
NGO’s: 


• HRWC is the LEAD.  It facilitates communication between the other entities.   
• Other NGO’s cover specific watersheds, provide some funding, and endorse the 


HRWC’s activities. 
Federal: 


• NRCS works closely with Coalition, provides technical assistance and funding, 
partners on physical projects, and participates on leadership team. 


• TVA provides significant funding (10% of Coalition operating budget), funds 
projects in priority areas, monitors lakes, samples WQ, and provides 
environmental educational assistance. 
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• USFS does not provide funding but does provide technical assistance and 
educational materials for workshops. 


State:   
• NC Division of WQ provides WQ sampling and every 5 years develops a basin-


wide WQ plan.  The WQ plan is used by the Coalition for (state) grant 
applications.   


• NC DENR provides ecological sampling 
• NC Clean Water Management Trust Fund has funded restoration projects in 2 


watersheds:  Brasstown Creek and Valley River. 
• Georgia DNR provides technical assistance. 
• Both NCSU and UGA Cooperative Extensions provide education and tech 


assistance for stormwater projects. 
Local:  


• 2 NC & 1 GA Soil & Water Conservation Districts provide funding to implement 
agricultural BMP’s.  The BMP’s are cost-shared between private landowners and 
the Conservation Districts. 


• The 4 counties & 1 City provide 10% of the Coalition’s operating budget, provide 
labor for physical projects, adopt local ordinances that are “watershed friendly,” 
coordinate political support, and appoint representatives to the HRWC Board of 
Directors. 


Regional: 
• The SW NC Resource Conservation Council is a regional non-profit that helps the 


HRCW obtain grants and project funding. 
6.  What problems and opportunities have been identified?  Which are being addressed? 


• WQ issues throughout upper Hiawassee watershed due to population growth 
(growth rate is twice the growth rates for GA and NC averages).   


• There have been substantial land conversions along the shorelines of TVA Lakes 
Nottely and Chatuge.  In 2003, development encompassed at least 25 and 42 
percent of the total shoreline miles respectively.  As a result of this growth, 
critical shoreline buffers are being lost. Shoreline buffers are the last line of 
defense in preventing nonpoint source pollution. Combined with discharges from 
municipal waste treatment facilities, the potential exists for a deterioration of 
water quality in both of these lakes. 


• TVA reservoir monitoring programs indicate that both reservoirs are showing 
signs of accelerated eutrophication.  The influx of large concentrations of 
sediment (making the water more shallow and therefore allowing more light 
penetration) and nutrients (plant food) into a lake stimulates the growth of algae. 
Excessive algae growth (often called "algae blooms") leads first to super-
saturation of the water column with oxygen. Then, when populations of algae get 
too high, there are large die-offs and oxygen depletion occurs. Low 
concentrations of oxygen often result in fish kills, particularly if fish populations 
were weakened by previously supersaturated conditions. 


• These two reservoirs bring millions of dollars into the regional economy of north 
Georgia and western North Carolina. The loss of all or part of this financial base 
would likely devastate the region. Because of the combined potential impacts to 
water quality, ecological health, the regional economy, and property values, the 
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Hiawassee River Watershed Coalition, Inc. (HRWC) decided proactive measures 
were necessary to better understand and prevent degradation of the reservoirs. 


• In addition to lake pollution, degraded WQ in streams in the watershed, which is 
also caused by sedimentation and nutrient runoff, has greatly affected aquatic 
habitat and caused declines in fish populations.  Recreational fishing has been 
negatively impacted. 


7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 
HRCW currently has 4 major program areas:  Watershed Restoration, Lake/ Watershed 
Planning, Water Quality Education, and Volunteer Opportunities.  Overall goals have 
been established for each program as follows:   


• Accomplish actual on-the-ground water quality and habitat improvements within 
priority watersheds; 


• Plan for future water quality improvements using a watershed-based approach and 
feasible solutions; 


• Educate watershed residents about local water quality issues and encourage 
behavior that results in positive watershed/water quality responses; and 


• Give citizens within the watershed opportunities to get directly involved in the 
protection and improvement of water quality. 


 
8.  What solutions/recommendations have been planned or proposed to address the 
problems and opportunities, objectives and constraints? 


• See #9 below. 
• In 2005, initiated development of a local watershed plan in the Peachtree-Martin’s 


Creek watershed, with goals to: (1) to assess stream quality in the watershed, 
identifying key sources of degradation and pollution, and (2) to develop a 
comprehensive strategy to address watershed needs.  This watershed management 
plan will address both ecological and community priorities. 


9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 
Lake/ Watershed Planning: 


• Completed a 4-year study of Lake Chatuge and published the Lake Chatuge 
Watershed Action Plan to guide future improvement efforts. 


• Collected monthly water samples at 20 locations in the Lake Chatuge and Lake 
Nottely watersheds. 


• Conduct studies of ecological conditions of the watershed area.  For example, in 
2002, with TVA and NC DENR, sampled fish and benthic macroinvertebrates in 
Valley River and 26 tributary sites. 


• All watersheds within the HRW have been prioritized for future restoration 
efforts. 


 
Watershed Restoration: 


• 7.5 miles of stream restored in Brasstown Creek (NC) & Valley River watersheds 
to reduce bank erosion & failure, improve aquatic habitat.  
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• 52 acres of riparian buffer created and protected  
• 160 acres of critically eroding bare areas revegetated  
• 2,150 acres of pastureland improved (with fencing, riparian buffers, rotational 


vegetation, reduced fertilization) 
 
WQ Education:  


• Better inform and engage local landowners in the restoration and protection of 
their watershed, to improve and maintain water quality. 


• Conducted public workshop about the value of riparian buffers, road-building, 
and Best Management Practices.  


• Provide technical assistance to local governments and the general public. 
• Water quality summer day camp – via a large new partnership with the GA 


Mountain Research & Education Center, local Rotary Clubs, the Blairsville 
Garden Club, and Cooperative Extension.  


• Watershed “store” (promo items) and resources for teachers. 
• Helped coordinate the development of the Marble Springs Outdoor Education 


Area in Cherokee County, NC 
 
Volunteer Activities: 


• Collects water quality data and act as a clearinghouse for data collected by 
various agencies within the watershed.  For example, the Coalition began a 
volunteer monitoring program in the fall of 2002.  Currently, a group of about 50 
volunteers collect and test water samples on the third Saturday of each month as 
part of western North Carolina's Volunteer Water Information Network (VWIN).  
The Coalition has two teams:  One group samples 10 sites on streams in the Lake 
Chatuge watershed; the second samples 10 sites in the Lake Nottely watershed. 


• Logged more than 850 hours of volunteer time annually for the past three years. 
• Volunteer program serves as HRCW “outreach” – volunteers can help influence 


local governments to establish “watershed friendly” ordinances, educate their 
neighbors, etc. 


 
10.  What are the financing mechanisms employed to conduct the studies?   What 
financing sources or mechanisms, if different, are employed to implement the 
recommended solutions?  
HRWC and its projects are completely supported by membership dues, donations, local 
funding, and grants.  Annual individual memberships start at just $25; small business and 
organizational memberships start at $100.  
 


• Direct appropriation from GA legislature to investigate sources of poor WQ in 
TVA reservoirs within HRW 


• Federal agencies (NRCS, TVA) have cost-shared on restoration projects. 
• TVA and local soil & water conservation districts each provide 10% of HRWC 


operating budget. 
• Agricultural BMP’s are cost-shared between private landowners and soil & water 


conservation districts (locally funded). 
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• In 2002, $400,000 was granted for restoration of the Valley River in Cherokee 
County, NC from the NC Clean Water Management Trust Fund.  In 2005, two 
more restoration grants totaling more than $1.0 million were awarded to continue 
the six year program of work. 


• In 1999, the Coalition was awarded $2.1 million by the North Carolina Clean 
Water Management Trust Fund (NC CWMTF) for work in the Brasstown Creek 
Watershed.  Since 1999, the Coalition and its partners have spent a total of $2.6 
million in the watershed.  


11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  
Strong collaboration exists.  Developing the watershed & lake plans and implementing 
them is going well.  No problems regarding technical assistance.  The major obstacle is 
funding.  The HRCW is constantly seeking funding to implement its restoration, 
planning, and educational programs. 


12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
See # 11 


13.  What are the barriers to collaboration?  Are there particular types of issues than can 
or cannot be addressed? 
1.  Political will or philosophy.  One of the states has a “reactive” (rather than 
“proactive”) attitude.  Example:  unwillingness to address a WQ problem until a water 
body is listed by the EPA as “impaired.” 
2.  Money.  Getting projects funded in one of the states.  Since the state government 
agency (DNR) is unwilling to fund projects, the HRCW may need to go directly to the 
state legislature. 


14.  What processes are not working?  Can these be characterized as institutional, 
jurisdictional, fiscal, communications-related, education-related, etc.?    
Communications and education processes are working fine.  The biggest issues are fiscal 
(getting projects funded in one of the states) and institutional (same state government 
agency provides little support). 
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Watershed Lessons Learned Case Study 
The American Heritage Rivers 


New River 
 


1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
New River Watershed.  American Heritage Rivers Initiative.  New River Community 
Partners, a non-profit organization (501.3.c.) dedicated to carrying out the objectives of 
the American Heritage Rivers Initiative for the New River. 
2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
The New River Watershed  encompasses 14,000 square miles and covers twenty-one 
counties in three states (North Carolina – Ashe, Alleghany, and Watauga Counties; 
Virginia – Grayson, Montgomery, Floyd, Pulaski, Giles, Wythe, Bland, Carroll, Craig, 
Tazewell and Smyth Counties; and, West Virginia – Mercer, Monroe, Summers, Raleigh, 
Fayette, Greenbrier and Pocahontas Counties.  Major tributaries include:  North Fork of 
the New River, South 
Fork of the New 
River and the 
Greenbrier River. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
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The New River Watershed, as referenced in the American Heritage Rivers Initiative, is 
defined by political boundaries which are the county boundaries named in the preceding 
paragraph. 


4.  What agencies/entities are participating?  (Federal agencies, state and local 
governments, Tribes, non-Governmental organizations (NGO’s), local stakeholder 
groups, etc.) 
Participating agencies/entities include:  New River Community Partners, US Army Corps 
of Engineers, National Park Service , US Forest Service, NRCS, EPA, EDA, HUD, NEH, 
State Departments of Natural Resources, County Commissions, Colleges and 
Universities, Municipalities 


5.  What are the respective roles played by the various agencies/entities in # 4? 
Each agency, organization, entity, etc. has various strengths, attributes and resources that 
they bring to the table to help in the advancement of projects.  A motivated, energized 
and organized group effectively communicates and networks with the participating 
agencies and organizations and takes advantage of what each has to offer and, in so 
doing, develops a strategy and a plan and pursues it towards implementation. 
 
New River Community Partners' 25 member Board of Directors, led by an Executive 
Director, includes grassroots leaders, small business owners, elected officials, educators, 
chamber of commerce directors, landowners, natural resource management professionals, 
and historic preservationists from all three states.  
 
Each American Heritage River has been provided with a River Navigator, a federal 
employee who will act as a liaison with all federal departments and agencies.  The River 
Navigator for the New River is an employee of the Army Corps of Engineers. 
6.  What problems and opportunities have been identified?  Which are being addressed? 
A Watershed Work Plan was developed in 1999 through a planning outreach process that 
entailed regular facilitated meetings in the county seats of the 21 counties in the 
watershed.  The role of the New River Community Partners was not to implement the 
projects listed in the Watershed Work Plan but to provide support and assistance to the 
local and regional groups that planned them.  Funding is nearly always a challenge and in 
many cases, problematic.  Lack of organization and ineffective communication are 
common problems.  The New River Community Partners plan to begin an update of the 
Watershed Work Plan soon. 
7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 
The suite of objectives that the Watershed Work Plan is founded upon focus on the 
following six topic areas: 


• Economic Revitalization 
• Natural Resource Protection 
• Historic & Cultural Resource Preservation 
• Education & Training 
• Agricultural Sustainability, and 
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• Trails & Transportation 
 


A major constraint for the New River Community Partners has been not having offices in 
each of the three states in the Watershed.  The main office has always been in North 
Carolina but other offices in other parts of the watershed would help to achieve more 
successes in advancing worthy projects in the Watershed Work Plan.   
8.  What solutions/recommendations have been planned or proposed to address the 
problems and opportunities, objectives and constraints? 
Planning is underway to open an office in West Virginia.  Hopefully, an office may also 
be opened in Virginia sometime in the future.  Also, a revamped Web site and newsletter 
will be distributed this summer.  The Conservation Fund has offered an organizational 
assessment to identify New River Community Partners’ opportunities and weaknesses to 
assist the organization in better planning. 


9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 
Groups or organizations that are motivated and organized generally have a much better 
chance of success in advancing their projects.  Community outreach has occurred in West 
Virginia through coordinating a program with Handmade in America in Hinton.  In North 
Carolina, New River Community Partners is initiating a process to identify the region’s 
non-profit organizations to assist them with reducing program redundancy and to 
leverage similar resources.  


10.  What are the financing mechanisms employed to conduct the studies?   What 
financing sources or mechanisms, if different, are employed to implement the 
recommended solutions?  
Most funding for projects that the New River Community Partners help to advance is 
obtained through grants.  Some funding is obtained through various agency authorities 
and some is obtained through philanthropic gifts and donations.  Funding is a consistent 
challenge.  If the organization had a central, stable source of operation funding, the 
organization could conceivably work anywhere in the watershed without concern for 
meeting the related expenses. 


11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  
There is a wide range of success or lack thereof in plan/project implementation 
throughout the watershed.  Success largely depends significantly on how well the local or 
regional groups that generate and advocate for projects follow up and meet their 
scheduling and budgetary requirements for project implementation. 


12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
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Where there is interest and commitment, collaboration is occurring.   


13.  What are the barriers to collaboration?  Are there particular types of issues than can 
or cannot be addressed? 
Lack of organization from the proponents of projects and action items. 
Lack of commitment. 
Lack or drop off of energy and momentum. 
The fear of losing an organization’s “turf” or influence by working with other 
organizations. 


14.  What processes are not working?  Can these be characterized as institutional, 
jurisdictional, fiscal, communications-related, education-related, etc.?    
A problem that has evolved over time in parts of the watershed has been a lack of 
visibility and interaction.  That problem will be remedied by the opening and staffing of 
an office in West Virginia. 
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Watershed Lessons Learned Case Study 
Sacramento and San Joaquin River Basins, 


Comprehensive Study 
 


1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
Sacramento and San Joaquin River Basins, California Comprehensive Study 
Web site: http://www.compstudy.net  
Publications page: http://www.compstudy.net/reports.html 


2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
The Sacramento and San Joaquin river basins in California cover a drainage area of over 
43,000 square miles. A mixture of climate conditions, geologic formations, river 
attributes, natural resources and habitats, flood management infrastructure, and rural and 
urban development characterizes this large study area. This watershed covers most of 
California’s Central Valley and is home to more than four million people and a wide 
variety of fish and wildlife, including about 378 special-status plant and animal species. 
The river basins provide drinking water to over two-thirds of Californians. The robust 
economy of this region is centered on an agricultural industry that is a major source of 
reliable, high-quality crops used by the nation and the world. Flood risk in this region is 
rising, as are conflicts between maintenance of the existing flood management system, a 
rapidly-growing population, and ecosystem needs. 
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3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
The Comprehensive Study area included the combined watersheds of the Sacramento and 
San Joaquin River basins. The study focused on solving flooding and ecosystem 
problems within the floodplains of the Sacramento and San Joaquin rivers and the lower 
reaches of their major tributaries. The Tulare Lake basin was not included in the study 
area, although the contribution of flood flows from the Kings River to the San Joaquin 
River is considered. Flooding and related ecosystem problems on the Mokelumne, 
Calaveras, Cosumnes, and American rivers, and Cache Creek and other small streams 
were being addressed in other studies and were, therefore, not a primary focus of the 
Comprehensive Study. The study area for the Comprehensive Study is totally contained 
within the CALFED study area. 
4.  What agencies/entities are participating?  (Federal agencies, state and local 
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governments, Tribes, non-Governmental organizations (NGO’s), local stakeholder 
groups, etc.) 
The Sacramento and San Joaquin River Basin, California, Comprehensive Study, was a 
joint effort by The Reclamation Board of the State of California and the U.S. Army Corps 
of Engineers, in coordination with Federal, State and local agencies, groups, 
organizations, and people of the great Central Valley of California. 


5.  What are the respective roles played by the various agencies/entities in # 4? 
The non-Federal sponsor and an array of stakeholders participated in study scoping, 
problem identification, ground truthing future without-project condition modeling, and 
brainstormed possible measures to address the problems identified.   
 
As the non-Federal sponsor, the Reclamation Board intended to provide direction, 
oversight, and day-to-day management necessary for (1) consistent and reasonable 
application of the Guiding Principles, (2) minimizing costs and redundancies, (3) 
facilitation of partnerships, and (4) incremental project planning and construction. The 
Reclamation Board currently has all these responsibilities and authorities for the 
Comprehensive Plan area. 
 
The Comprehensive Study identified the Reclamation Board and the Corps of Engineers 
as the agencies to develop and implement the projects within the study. 
6.  What problems and opportunities have been identified?  Which are being addressed? 
In January 1997, major storms throughout California caused record flows on many rivers 
and triggered loss of life and catastrophic property damage. Levees on the Sacramento 
River and its tributaries sustained two major breaks and were near failure in many 
locations. On the San Joaquin River, levees failed in 27 locations. These failures caused 
significant damages in both basins. The event was one of four major floods that have 
caused billions of dollars in damages to the Central Valley in the last two decades. 
Wetland and riparian habitats in the Central Valley have declined to less than five percent 
of their original acreage. The ecosystem has also suffered from the extensive degradation 
of natural hydrologic functions. In 2000, the CALFED Bay-Delta Program identified 
their ecosystem vision including restoration of the riverine ecosystem. The CALFED 
vision is dependent on modification of the flood management system to support the 
ecosystem processes and habitat necessary for a healthy ecosystem. The CALFED 
Record of Decision (ROD) deferred consideration of changes to the flood management 
system to the Comprehensive Study. 
7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 


• Reduce the risk to human life, health, and safety due to flooding. 
• Promote natural dynamic hydrologic and geomorphic processes. 
• Reduce damages due to flooding. 
• Increase and improve the quantity, diversity, and connectivity of riparian, 


wetland, floodplain, and shaded riverine aquatic habitats, including conservation 
of agriculture and its ecological value. 


• Minimize the flood management system operation and maintenance requirements.
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• Promote the recovery and stability of native species populations and overall biotic 
community diversity. 


8.  What solutions/recommendations have been planned or proposed to address the 
problems and opportunities, objectives and constraints? 
To date the Comprehensive Study has recommended: a series of Guiding Principles be 
applied to future project development; that projects be developed at various scales with 
consideration for the system as a whole; and a management structure largely to be 
administered by the non-Federal sponsor, the Reclamation Board.   
 
There have been a few regional scaled reconnaissance studies undertaken that await non-
Federal sponsorship to move into feasibility phase.  The Central Valley Enhanced Flood 
Response and Emergency Preparedness Feasibility Study was suspended but the non-
Federal sponsor is seeking ways to fund its completion. This project was to represent the 
system-wide project. 
 
Since publication of the Interim Report in 2002, the Reclamation Board (which is 
governor appointed) has been completely reconstituted and has a somewhat different 
focus.  Problems with the existing levee system are being addressed under a “state of 
emergency,” and are not addressing multiple purpose benefits.  Recently there has been 
discussion with the State of California to continue investigation along the lines of the 
Comprehensive Study because the need for a sustainable flood management system that 
better meets the needs of today and the future has only increased. 
9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 
A single site-specific project, the Hamilton City Flood Damage Reduction and Ecosystem 
Restoration Project, is in PED phase. 


10.  What are the financing mechanisms employed to conduct the studies?   What 
financing sources or mechanisms, if different, are employed to implement the 
recommended solutions?  
Federal funding was primarily via Corps Civil Works appropriations under existing study 
authorities.  The Corps funded the USFWS participation in the study.  Other Federal 
agencies participated at their own cost and to a lesser degree than the USFWS.  State 
funding was appropriated by the State legislator.  Local and regional stakeholders and 
other organizations participated at their own expense. 
 
The Hamilton City project is funded by the Corps and by the California Bay Delta 
Authority (State funding).  The Nature Conservancy contributes much staff time 
participating in design of the project. 
11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  
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Identification of problems was technically challenging but relatively easy to coordinate:  
stakeholders had a strong interest.  Attempts to develop alternative, system-wide plans 
proved to be insurmountable; at the time stakeholders were polarized beyond the point of 
compromise – at the system-wide scale.  The interim study recommendations were to 
utilize the system-wide tools to focus on smaller – though still large – regions to work 
towards compromise. 


12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
N/A.  The study concluded with interim recommendations and a report in 2002; the non-
Federal sponsor is interested in continuing study in the future.  The problems largely 
remain, and in fact concern with the existing levee system has greatly increased. 


13.  What are the barriers to collaboration?  Are there particular types of issues than can 
or cannot be addressed? 
The 3 basic stakeholder groups for the Comprehensive Study were: local flood control 
operators who juggled O&M requirements with environmental restrictions; the 
agricultural industry concerned with conversion of agricultural lands; and environmental 
interests.  The majority of the study area is in private ownership and largely in 
agricultural production.  Measures such as setting back levees to better foundations for 
greater reliability and reduced O&M costs enabled restoration of native habitat and 
natural process on the reconnected floodplain but generally included conversion of 
agricultural lands.   
 
At the individual landowner scale, there is an interest in selling lands that have been 
problematic to keep in production.  The technical aspects of the system are important to 
understand for problem identification and resolution.  The stakeholder politics are also 
important to understand.  The expectation for the Comprehensive Study, which came a 
little before our current understanding of watershed studies, was that the Corps would 
recommend an alternative that modified the existing flood management system. But 
ultimately entrenched stakeholder positions in some geographical areas held up the 
overall study.  Shortly thereafter, the State of California faced an energy crisis that 
drained their non-Federal funding for the study.  Had the study been funded to continue, 
perhaps the partners could have addressed the stakeholders concerns and moved towards 
meaningful consideration of alternative plans with an ultimate recommendation for 
physical changes to the system.  However, faced with the obstacles of polarization and 
lack of funding, the study concluded with an “Interim Report” that captured some key 
findings and set the stage for use of the system-wide tools to ensure smaller-scoped 
projects could be developed with consideration for the system.  This would include 
working with stakeholders at a more focused level, enabling a better chance for resolution 
of issues. 
14.  What processes are not working?  Can these be characterized as institutional, 
jurisdictional, fiscal, communications-related, education-related, etc.?    
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Although it was a multiple purpose study, the Comprehensive Study was budgeted for as 
a flood damage reduction project.  That was fine for the course of the study.  However, 
now that the follow-on Hamilton City has been cleared through OMB as consistent with 
the Administrations programs and policies, the challenge is prioritization in the budget 
development process.  The project is multiple purpose but has been most recently 
budgeted for under the ecosystem restoration business line.  The budget process does not 
seem to allow for extra credit for multiple purpose projects and this may be a challenge 
that OMB and HQ are planning to explore.  This challenge may be found in watershed 
studies and resulting projects; if a series of projects are recommended from a watershed 
study, should they each have to battle independently via one business line or receive 
additional priority because they were developed in the most complete manner, as part of a 
watershed study. 
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Watershed Lessons Learned Case Study 
Trinity River Corridor Project 


 
1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
Trinity River Corridor Project, TX 
Web site:  http://www.trinityrivercorridor.org  
 
2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
This study focuses on the geographic area within the city limits of Dallas that is known as 
the “Trinity River Corridor”. This area includes the Dallas Floodway (the area between 
the existing levees), the floodplain area downstream from the levees and the 
neighborhood and business areas adjacent to the river and extending approximately one 
mile on either side. 


 
 
3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
The study area is defined by the boundaries of the Trinity River corridor.  


4.  What agencies/entities are participating?  (Federal agencies, state and local 
governments, Tribes, non-Governmental organizations (NGO’s), local stakeholder 
groups, etc.) 
City of Dallas 
North Central Texas Council of Governments (NCTCOG) 
North Texas Toll way Authority (NTTA) 
TX Department of Transportation (TXDOT) 
TX Parks and Wildlife Departments 
U.S. Army Corps of Engineers (USACE) 
Federal Highway Administration, Department of Transportation (FHA DOT) 
Individual Stakeholders 
Environmental Protection Agency 
Dallas County 
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U.S. Fish and Wildlife Service 


5.  What are the respective roles played by the various agencies/entities in # 4? 
City of Dallas - active in developing the overall vision and set of recommendations. 
NCTCOG – responsible for regional transportation planning and allocation of state and 
federal transportation funds 
NTTA – proposes to construct, operate and maintain the Trinity Parkway as a tolled 
facility 
TXDOT – active participant in the transportation aspects of the plan 
TX  Parks and Wildlife Departments – involved in the parks and recreation initiatives 
USACE – leading the development of an Environmental Impact Statement for both the 
Dallas Floodway and for the Trinity Parkway. Also, involved in projects related to flood 
damage reduction, environmental restoration and recreation. 
FHA, DOT – participant in the transportation aspects of the plan  
USFWS – Ensure that all activities comply with NEPA and the Endangered Species Act 
Dallas County – Active in developing the plan and vision 
 
6.  What problems and opportunities have been identified?  Which are being addressed? 
The Trinity River Corridor has always represented the greatest challenge and greater 
opportunity to redefine the City of Dallas. 
 
For years, the Trinity River has been a barrier within the community, separating northern 
and southern Dallas. Utilizing an extensive public participation process, the Trinity River 
Corridor Citizens Committee fulfilled its charge from the Mayor and City Council to 
develop a vision of what the Corridor could become. That vision provided the parameters 
for the plan and work program of the Trinity River Corridor Vision. 
7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 


• Flood Protection - provide undiminished flood protection for the full length of the 
corridor in a way that supports the achievement of environmental, recreational, 
mobility and economic goals. 


• Environmental Management and Restoration - complete initiatives of 
environmental responsibility, restoration, and proper management in the midst of 
an intensely urban setting. 


• Parks and Recreation - create a recreation and urban open space amenity while 
co-existing successfully with flows of vehicular traffic as well as periodic 
floodwaters. 


• Transportation - meet the stated regional transportation goals in a way that 
supports economic development, air quality improvement and appreciation for the 
park. 


• Community/Economic Development - create critically important community and 
economic opportunities for the neighborhoods bordering the Trinity River, for 
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downtown, and as the centerpiece of a major urban region. 
 


8.  What solutions/recommendations have been planned or proposed to address the 
problems and opportunities, objectives and constraints? 


• Flood Protection – To address issues with flood protection three major projects 
are planned, the Dallas Floodway Extension Project, the Elm Fork Flood 
Protection Project and modifications to the existing Dallas Floodway. 


• Environmental Management and Restoration – Plans have been developed for the 
Great Trinity Forest, for a Trinity Interpretive Center and for a system of trails to 
help protect natural areas in the corridor and to make them more accessible. Other 
environmental initiatives include restoring meanders to rivers, creating diverse 
habitat within the floodway and creating stormwater wetlands. 


• Parks and Recreation – A new Trinity Central Park will be created and will 
include three lakes and new meanders to the floodway. 


• Transportation – This plan provide for substantial regional transportation 
enhancement including the construction of a Trinity Parkway. 


• Community/Economic Development – This plan will include a corridor-wide land 
use plan, design standards and financial incentives for private development.  


9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 
Upon completion of an Environmental Impact Statement for both the Dallas Floodway 
and for the Trinity Parkway, implementation of the plan will initiate. 


10.  What are the financing mechanisms employed to conduct the studies?   What 
financing sources or mechanisms, if different, are employed to implement the 
recommended solutions?  
The cost estimate for the basic plan of the Trinity River Corridor Project is approximately
$1,060,241,000. The City’s portion of those costs equals the $246,000,000 allocated and 
available from the 1998 bond election. The remaining $814,241,000 is anticipated to be 
contributed by State and Federal agencies and programs as well as other identified 
sources. 
 
These other funding sources include: 
U.S. Army Corps of Engineers - funding support for projects related to flood protection, 
environmental restoration and recreation. The Corps provides funds to support the Dallas 
Floodway Extension, the levee raise, creation of the river meanders, some trails and the 
Gateway Parks.  
 
Federal transportation funds – funding support for the Santa Fe Trestle Trail through the 
STEP program 
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Texas Parks and Wildlife Department – committed funds for the construction of the 
Buckeye Trail and construction of canoe launches. 
 
Texas Department of Transportation (TXDOT) - an active participant in the 
transportation aspects of this plan. Though TXDOT has not identified a specific funding 
level or source, it is anticipated to cover some of the costs. 
 
North Texas Tollway Authority (NTTA) - proposed to construct, operate and maintain 
the Trinity Parkway as a tolled facility. 
 
North Central Texas Council of Governments (NCTCOG) - responsible for regional 
transportation planning and allocation of state and federal transportation funds within the 
region.  
 
Private donations  
11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  
Agencies/entities collaborated well in conducting the study to develop the watershed 
plan.   There were very complex situations, and policies of each individual agency to 
address.   The vast amount of participants and the complexity of the project did create 
challenges at times.  However, the agencies and entities continued working until the plan 
satisfied all the groups’ interests and complied with the various regulations. 


12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
All Agencies/entities collaborated well with implementing the action items.  In order to 
do this all participants sought a common objective and progressed towards completing 
each task.  The end state goal was the primary focus that each party worked towards even 
though each entity and agency has it own individual  missions and responsibilities.  The 
group worked to address issues together and sought innovative ways to fulfill the overall 
objective.   


13.  What are the barriers to collaboration?  Are there particular types of issues than can 
or cannot be addressed? 
The primary barriers for collaboration was meeting the requirements and regulation of all 
the interested parties.  Each individual agency is responsible for carrying out its mission 
and review the plan and implementing the activities protecting and adhering to their 
agencies responsibilities.  In many cases safety issues forced the agencies and entities to 
review and revise plans several times to meet all the requirements.  The team was tireless 
in their efforts to do so and sought innovative plans and concepts to break the barriers.   


14.  What processes are not working?  Can these be characterized as institutional, 
jurisdictional, fiscal, communications-related, education-related, etc.?    
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While there are many challenges working with processes, such as institutions, 
jurisdictional, fiscal, political, communications-related, education-related none of them 
are not working.  As one issue arises the entire group works until a solution is found that 
satisfies the requirement.  There have been frustrating events that has caused things to 
progress more slowly than anyone would like but there has not been any one process that 
has stopped progress.    
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Watershed Lessons Learned Case Study 
Upper Mississippi River Basin Association 


 
1.  Name of Watershed Study/Program/Initiative/Coalition/Compact/Alliance/ etc.: 
Upper Mississippi River Basin Association 
Web site: http://www.umrba.org/ 
 
 
2.  Geographic Area (names of watersheds, rivers, states, counties, etc.): 
The Upper Mississippi River Basin Association (UMRBA) is a regional interstate 
organization formed by the states of Illinois, Iowa, Minnesota, Missouri, and 
Wisconsin.  The Upper Mississippi River Basin, which is the 189,000 square mile 
hydrologic watershed of the Mississippi River north of the river’s confluence with the 
Ohio River, encompasses much of the land area of these five states.   
 
 
3.  How is the study area/watershed initiative area defined?  (e.g., political boundaries, 
watershed boundaries, “problem-shed” boundaries, etc.) 
The Upper Mississippi River Basin Association 
(UMRBA) was formed in 1981 by the 
Governors of Illinois, Iowa, Minnesota, 
Missouri, and Wisconsin to coordinate the 
states’ river-related programs and policies and 
work with federal agencies that have river 
responsibilities.  As such, UMRBA addresses 
issues related to ecosystem restoration, 
hazardous spills, and water quality, as well as 
floodplain management and flood control, 
commercial navigation, and water supply.  In 
contrast to the name of the organization (i.e. 
“basin” association), UMRBA typically focuses 
on interstate issues directly affecting the ma
channel and floodplain of the river itself, rather 
than the entirety of the basin. 


in 


 
 


4.  What agencies/entities are participating?  (Federal agencies, state and local 
governments, Tribes, non-Governmental organizations (NGO’s), local stakeholder 
groups, etc.) 
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The five member states of the UMRBA are represented by gubernatorial appointees.  
Generally, the Governor’s designee is from a state agency with substantial 
responsibilities for water resource management.  This person is responsible for 
coordinating with other state agencies and providing for their direct involvement when 
necessary.  The Governor may appoint alternative representatives from a variety of state 
agencies to facilitate internal state coordination and assure that a broad range of state 
authorities and perspectives are considered in the deliberations of the Association. 


 
In 2007, state representatives to UMRBA include the Director of the Office of Water 
Resources within the Illinois Department of Natural Resources; the Executive Officer of 
the Iowa Department of Natural Resources (as primary representative, with additional 
representatives from the Iowa Department of Agriculture and Land Stewardship, the Iowa 
Department of Economic Development, and the Iowa Department of Transportation); the 
Chairperson of the Minnesota Environmental Quality Board, who has delegated 
responsibility to the Deputy Commissioner of the Department of Natural Resources; the 
Director of the Missouri Department of Natural Resources; and the Water Division 
Administrator within the Wisconsin Department of Natural Resources. 


 
Six federal agencies participate in the UMRBA as advisory members including the U.S. 
Army Corps of Engineers, the U.S. Department of Agriculture (Natural Resources 
Conservation Service), the Department of Homeland Security (Coast Guard and Federal 
Emergency Management Agency), the Department of the Interior (Fish and Wildlife 
Service and the U.S. Geological Survey), the Department of Transportation (Maritime 
Administration), and the Environmental Protection Agency. 
 
5.  What are the respective roles played by the various agencies/entities in # 4? 
The Governors’ appointed representatives serve as the Board of Directors of UMRBA.  
The Board sets UMRBA policy, on behalf of the member states.  UMRBA also has a 
variety of committees composed of staff level representatives from various state agencies.  
These committees guide the studies, policy development, and plans of UMRBA.  
UMRBA also employs a small (5 person) staff. 
Although federal agencies are non-voting members of UMRBA, they are valuable and 
active participants in many of the UMRBA’s activities and meetings.  With their 
participation, the UMRBA is able to serve as a regional forum for the states and their 
federal agency counterparts to discuss major policy and management issues.  Some 
federal agencies, including EPA and the Corps of Engineers, also provide grants or have 
cooperative agreements or contracts with UMRBA to support specific planning efforts or 
projects.  However, it is important to emphasize that the federal agencies are not official 
members of the organization, which speaks on behalf of the states alone. 
 
6.  What problems and opportunities have been identified?  Which are being addressed? 
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The Upper Mississippi River Basin Association engages in the discussion, evaluation, 
and study of a variety of topics, ranging from policy and budget matters to specific 
resource management concerns.  Over the years, the Association has addressed a wide 
range of issues including:  nonpoint pollution, water quality planning and management, 
interbasin diversions, cost-sharing strategies, water project financing, sediment and 
erosion, hazardous spills, toxic pollution, habitat restoration, navigation capacity, channel 
maintenance, flood response and recovery, floodplain management, wetland protection, 
hydropower development and licensing, and drought planning. 


In the area of ecosystem restoration, the 
UMRBA is engaged in interagency 
efforts to restore and protect fish and 
wildlife habitat on the Upper Mississippi 
River System (UMRS).  This includes 
both the Environmental Management 
Program, with its well established 
restoration and monitoring components, 
and the pending Navigation and 
Ecosystem Sustainability Program, 
which would integrate a series of 
navigation improvements with an 
expanded suite of ecosystem measures 
on the UMRS.  The UMRBA works 
closely with its member states, federal 
agencies, and others in planning, implementing and managing these programs. 


In the area of hazardous spills, UMRBA plays an active role in spill response planning, 
coordination, and mapping throughout the Upper Mississippi River basin.  The UMRBA 
provides staff support to the Upper Mississippi River Hazardous Spills Coordination 
Group, maintains the Upper Mississippi River Spill Response Plan and other contingency 
plans, produces GIS-based mapping products to aid planners and responders, and has 
helped support the development of an Upper Mississippi River early warning monitoring 
network. 


In the area of water quality, the UMRBA provides a forum for the basin states and the 
U.S. Environmental Protection Agency to coordinate their implementation of the Clean 
Water Act on the Upper Mississippi River.  The UMRBA supports and provides staff to 
two workgroups, the Water Quality Task Force and the Water Quality Executive 
Committee, which address issues such as water quality monitoring, standards, and 
assessments.  The efforts of these groups have enhanced interstate cooperation in Clean 
Water Act implementation and resulted in a number of reports regarding Upper 
Mississippi River water quality issues. 


 
7.  What is the suite of objectives and constraints being addressed by the 
study/initiative/program? 
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Although UMRBA may address a broad range of river management issues (e.g., water 
quality, spill response, ecosystem restoration, flood control), the approach is grounded in 
the fundamental concept of balanced multi-purpose use of the river.  Furthermore, 
UMRBA typically focuses on those aspects of river management that involve either a) 
the interstate challenges specifically associated with managing a shared border river or b) 
state-federal intergovernmental coordination.   


 
8.  What solutions/recommendations have been planned or proposed to address the 
problems and opportunities, objectives and constraints? 
See Question 9. 


9.  What actions/activities have been undertaken to actually implement the solutions/ 
recommendations? 
Activities currently underway 


Ecosystem Restoration  


The Environmental Management Program was first authorized by Congress in the Water 
Resource Development Act of 1986 (P.L. 99-662) and was reauthorized in the Water 
Resources Development Act of 1999 (P.L. 106-53).  The EMP includes two major parts – 
the planning and construction of fish and wildlife habitat projects and a long term 
resource monitoring program.  Annual funding is authorized at $33.52 million, but has 
historically been well below this amount. 


The U.S. Army Corps of Engineers has overall responsibility for the EMP and directly 
manages the habitat projects portion of the program, in consultation with other program 
partners, including the U.S. Fish and Wildlife Service and the states of Illinois, Iowa, 
Minnesota, Missouri, and Wisconsin.  Restoration techniques include island construction, 
bank stabilization, dredging, and various types of water control structures. 


The Corps of Engineers transfers funding to the U.S. Geological Survey’s Upper 
Midwest Environmental Sciences Center to manage the long term resource monitoring 
portion of the EMP.  USGS implements the monitoring program in cooperation with the 
five states, which operate six field stations on the river system.  Monitoring efforts focus 
on fish, water quality, and vegetation and are augmented by important research efforts 
and the development of specialized data analysis tools. 


UMRBA provides staff support to the EMP Coordinating Committee, which is the 
interagency body that the Corps uses to consult with state agencies, the USGS, and the 
Fish and Wildlife Service and to guide implementation of the EMP habitat projects and 
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monitoring program. 


Activities planned for the future 


Ecosystem Restoration 


In September 2004, the Corps of Engineers completed a 14-year feasibility study 
evaluating potential federal investment in navigation improvements and ecosystem 
restoration on the UMRS.  That study resulted in a package of recommendations from the 
Corps that was endorsed by UMRBA and many other partner agencies and stakeholder 
interests.  Among the highlights of those recommendations were both large and small 
scale navigation improvements, including the construction of 7 new 1200-foot locks, and 
a broadly based series of ecosystem restoration measures.  Taken together, this integrated 
package is known as the Navigation and Ecosystem Sustainability Program. (NESP) 


On the ecosystem side, NESP would include many of the same approaches tested and 
proven under the EMP, but would introduce important new approaches to cost sharing 
and significantly increase the level of authorized funding relative to the EMP.  In 
addition, NESP would authorize floodplain restoration, fish passage, and water level 
management projects not currently feasible under the EMP.  The NESP recommendations 
also explicitly embody an adaptive management approach to implementing both the 
navigation and the ecosystem measures. 


At present, the Corps’ NESP recommendations remain pending in Congress, having 
been included in the Water Resources Development Act of 2007.  Congressional action 
on WRDA during the 110th Congress appears extremely likely.  In the intervening 
period since completion of the feasibility study in 2004, Congress has been funding 
preliminary engineering and design (PED) work since FY 05.  As part of these PED-
funded activities, UMRBA and its member states are working with the Corps and other 
agencies and stakeholders to plan initial projects, determine implementation 
approaches, and explore options for the interagency coordination framework that will 
be needed to sustain this ambitious program. 


Activities Underway 


Hazardous Spill Preparedness and Response 


Since 1989, the UMRBA has provided staff support for the Upper Mississippi River 
Hazardous Spills Coordination Group (UMR Spills Group), which includes 
representatives of state and federal agencies who play a role in contingency planning 
and spill response on the river.  The UMR Spills Group provides a forum for 
interagency coordination, serves as a voice for the region's spill responders on various 
issues, and helps in the preparation and execution of training activities. 


Among the Group's accomplishments are development and maintenance of the Upper 
Mississippi River Spill Response Plan and Resource Manual, which has been adopted by 
the state and federal agency members of the UMR Spills Group.  The UMR Plan is 
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designed to complement broader regional and national contingency plans by addressing 
issues and concerns related specifically to spill response on the Upper Mississippi River.  
The Plan includes a resource manual which contains information about potential spill 
sources, vulnerable resources, and response assets. 


Pursuant to the Oil Pollution Act of 1990, the UMRBA is also engaged in a related spill 
response planning and mapping effort.  Funded largely by U.S. EPA Region 5, the 
project partners also include the Great Lakes Commission.  This cooperative effort has 
developed local, sub-area contingency plans for areas including Minneapolis-St. Paul, 
the Quad Cities, St. Louis, and Peoria. 


The mapping initiative, known as the Inland Sensitivity Mapping Project, uses 
geographic information system (GIS) applications to produce integrated maps showing 
potential spill sources, sensitive human and environmental resources, and other 
important features.   
 
In addition, UMRBA has been involved in planning for an early warning monitoring 
network to provide for rapid detection and notification of spill events on the UMR.  
These efforts have included the establishment of a pilot monitoring station at Lock and 
Dam 15, posting monitoring data on the internet, and an automated email 
communication system. 


Activities Underway 


Water Quality 


The UMRBA supports and provides staff for two work groups, the Water Quality Task 
Force and the Water Quality Executive Committee, which provide forums for 
consultation among the five state water quality management agencies, as well as Regions 
5 and 7 of the U.S. Environmental Protection Agency.  Both groups address issues 
directly related to the states’ Clean Water Act responsibilities on the Mississippi River as 
a shared interstate resource, including monitoring, waterbody assessments, listings of 
impaired waters, and total maximum daily loads (TMDLs).  The distinction between the 
groups is that the Task Force examines issues at a technical/program level, while the 
Executive Committee functions at a policy level and seeks to implement the approaches 
identified by the Task Force. Specific areas of emphasis include sediment-related water 
quality criteria, habitat-based classifications for designated uses, and fish consumption 
advisories. 
 
10.  What are the financing mechanisms employed to conduct the studies?   What 
financing sources or mechanisms, if different, are employed to implement the 
recommended solutions?  
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Ecosystem Restoration 
Studies are funded entirely by the Corps of Engineers through its construction 
appropriations (EMP) and investigations appropriation (NESP).  Construction of some of 
the EMP habitat projects require a 35 percent nonfederal cost share, which is paid in cash 
or in-kind by the state in which the project is located.  The Corps also transfers funds to 
USGS to administer the EMP monitoring program. 


 
UMRBA receives no funding from the Corps for UMRBA’s NESP-related activities, 
which are supported instead from the five states’ annual dues contributions to UMRBA.  
However, UMRBA has a contract for services with the Corps to provide staff support to 
the interagency EMP Coordinating Committee.   


 
Water Quality 
UMRBA supports its water quality planning activities with a) dues assessments paid by 
the five state environmental quality agencies and b) occasional grants from U.S. EPA.  
Water quality monitoring and assessments are conducted by the states, with funding 
provided by U.S. EPA under the authority of the Clean Water Act. 


 
Hazardous Spills Preparedness and Response 
UMRBA supports the planning work of its Hazardous Spills Group with funds from the 
five states’ annual dues assessments.  However, the mapping work, sub-area contingency 
plans, and the pilot monitoring station at L&D 15 are funded through a cooperative 
agreement UMRBA has with the U.S. EPA. 
11.  How well are the agencies/entities collaborating in conducting the watershed 
study/initiative and developing the watershed plan?  
There is no single “watershed plan” per se, but state and federal agencies involved in 
management of the Upper Mississippi River have had a long history of successfully 
working together, dating back to the GREAT (Great River Environmental Action Team) 
studies in the 1970s.  However, the specific working relationships vary depending on the 
issue area (water quality, ecosystem restoration, or spill response), the program or the 
lead agency.  For example, the Corps of Engineers is sometimes a leader in a 
collaborative effort (e.g., EMP or NESP), sometimes a peripheral participant (e.g. spill 
response planning), and sometimes not directly involved at all (e.g., water quality).  
Similarly, other agencies may be more deeply involved in some of the issues than others. 
 
12.  How well is collaboration occurring in terms of implementing the watershed plan or 
action items? 
Same as Question 11. 


13.  What are the barriers to collaboration?  Are there particular types of issues than can 
or cannot be addressed? 
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• Differences in agencies’ perceived benefits from collaboration and extent to 
which the program or issue is directly relevant to its mission. (For example, the 
Corps typically is engaged only in the specific studies and planning efforts it is 
authorized to undertake.  They are seldom involved in planning efforts led by 
other agencies.) 


• Disproportionate resources.  (For example the Corps of Engineers often has more 
staff and funding to devote to ecosystem restoration efforts than do state agencies.  
Yet, the Corps expects those state agencies to be fully engaged partners in the 
planning and implementation activities.) 


 
14.  What processes are not working?  Can these be characterized as institutional, 
jurisdictional, fiscal, communications-related, education-related, etc.?    
Planning processes that involve coordinating fundamentally different program authorities 
are the most challenging.  An example would be efforts to integrate the Corps’ channel 
maintenance or ecosystem restoration authorities with the pollution control authorities of 
the states and U.S. EPA under the Clean Water Act.  Factors are primarily jurisdictional 
and institutional. 
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Executive Summary 
 
 
States provide a pivotal role in the grassroots approach to water resources planning and 
project implementation.  State water plans must typically address problems and opportunities 
at various planning region and watershed scales inside and, as necessary, outside state 
political boundaries.  Regional alliances of state governors provide strategic priorities for 
water resources management and policy development.  An important role of federal agencies 
is to provide appropriate collaborative support for this approach to water resources planning 
and project implementation.   
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States provide the pivotal role in 
the grassroots approach to water 
resources planning. 


Regional, such as coastal and 
watershed, issues are candidates for 
initiatives that promote the shared 
development of solutions. 


Graphic illustration of 
water region and state 


political boundary 
interactions in the West.


 
 
The Western States Watershed Study (WSWS) provided an opportunity to demonstrate how 
federal agencies could collaboratively work together to help support regional planning 
activities of the Western States.  The October 2006 Shared Vision Partnership Agreement 
between the Western States Water Council (WSWC) and the U.S. Army Corps of Engineers 
documents the goals of the WSWS.  The WSWS scope was based on several 
recommendations contained in the Water Needs and Strategies for a Sustainable Future 
report which was developed by the WSWC and adopted by the Western Governors’ 
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Association (WGA) in June 2006.  The WSWS involved multiple organizations and 
addressed priority issues associated with the following topics:  water data collection, drought, 
natural hazards, climate change, watershed tools/collaborative planning, federal 
resources/collaboration, asset management and policy/programs.  Selected information from 
the Study was used by the WSWC to help them develop several of the recommendations 
contained in the June 2008 follow-up report:  Water Needs and Strategies for a Sustainable 
Future:  Next Steps.  
 
The topics addressed in the WSWS are important considerations in developing state water 
plans that typically include the following interacting components:  1) demand projections, 2) 
supply and gap analysis, 3) identification and evaluation of supply alternatives, and 4) state 
water policy.   The study demonstrated that Federal programs could provide a significant 
framework of support and a considerable amount of information and expertise to help states 
strategically plan for short and long-term future water resource challenges.  Collaboration 
between multiple organizations along with the leveraging of  “planning assistance to states” 
type programs provide more benefits to the nation than the scenario where each organization 
works independently on similar water resource issues.  Therefore in June 2008 the WSWC 
also recommended the formalization of a Western States Federal Agency Support Team 
(WestFAST) and a WSWC Federal Liaison Officer position.  The WSWC Federal Liaison 
Officer was selected in August 2008.  The WestFAST Declaration of Cooperation was signed 
by nine federal agency representatives and executed in December 2008. 
 
 


State and 
Federal 
Resources


?


Information for
National Water Policy


(i.e. regional water supply, 
climate change, 


Asset Management, etc.)


?


The WestFAST could potentially leverage resources to help 
states accomplish their water resource planning activities which


would contribute information for a regional assessment of 
needs.  Ideally, this initiative could serve as a large-scale 


demonstration for a national assessment of needs.


?


Western States Federal Agency Support Team (WestFAST).
Additional team members TBD.


Information from state water planning efforts could also 
serve to help develop, and be integrated into, national 


policy/programs that best align federal agency support to 
states and considers regional watershed issues.


 
 
 
 
 
 
 
 
The following recommended next steps, if accepted, are intended to provide a basic 
foundation framework strategy to be prioritized and refined by decision makers for both 
short- and long-term implementation1. 
 
                                                 
1 Please refer to other WSWS Technical Reports for recommendations associated with water data collection, 
drought, climate change, watershed tool/collaborative planning, federal resources/collaboration, and asset 
management. 
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1. It may be beneficial to consider the WestFAST and WSWC collaborative implementation 
of selected priority recommendations from the WGA/WSWC June 2008 report and, as 
needed, the identification of associated strategies for coordinated research and 
development (R&D) of water resource tools.  For example, collaborative R&D that 
includes priority considerations associated with asset management and climate change 
may be desirable 


 
2. In addition to working with the WSWC on regional challenges, leveraged resources of 


the WestFAST should be used, as requested, to help states accomplish their water 
resource planning activities.  This effort could be conducted in a manner that leads to a 
regional assessment of needs and provides a large-scale demonstration for a national 
assessment of water resources needs.2 


 
3. Information from state planning efforts should be used by decision makers to help 


determine national policies and priorities that best align federal agency support to states 
and take into consideration regional watershed, coastal, and other issues.  In the future, 
national assessments and policy could be updated using information from the periodic 
updates of state water plans.   


 
4. It may be beneficial to consider a pilot demonstration of a forum that would begin to 


integrate non-federal stakeholders into discussions on national policy and associated 
issues.  Many options could be considered such as annual meetings in Washington, DC 
held in cooperation with key organizations such as the WSWC.  


 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 


                                                 
2 Concurrent with a large-scale demonstration of a process to help Western States accomplish their planning 
activities and conduct a regional assessment, federal agencies, eastern states, Tribes and other stakeholders 
should consider initiatives to help set the stage to continue the national assessment of water resources needs. 


 4
 
 







 


Table of Contents 
 
 
 


Executive Summary ...................................................................................................2 
 
Introduction................................................................................................................6 
 
Existing Policies, Programs, and Authorizations.......................................................8 
 
Potential Policies, Programs, and Authorizations 
to Address Future High-priority Initiatives................................................................8 
 
Partnering with States and Other Organizations to Support Integrated  
Water Resources Planning and Management ............................................................12 
 
Summary of Findings………………………………………………………………..12 
 
Recommended Next Steps .........................................................................................13 
 
 
 


 
 


 
 
 


 5
 
 







 


Introduction     
The Western Governors’ Association (WGA) 
acts as a center of innovation and promotes 
shared development of solutions to regional 
problems.  In 1965, the WGA adopted a 
resolution creating the Western States Water 
Council (WSWC) to address a broad spectrum 
of water resource challenges facing the West. 
One important mission of the WSWC is to 
advise the WGA on water policy issues.   


Collaboration and information from 
member states, multiple federal 


agencies, and other stakeholders. 


WSWC Advises the Western 
Governors’ Association on Water 


Policy Issues 


 
To accomplish this mission, collaboration and 
technical information from member states 
federal agencies, tribes and other stakeholders 
are necessary.  The Western States Watershed 
Study (WSWS) provided opportunities to help 
leverage and coordinate multiple federal/non 
federal organization “planning assistance” 
technical support to the WSWC.    
 


The WSWS3 Shared Vision Partnership Agreement (SVPA) was 
collaboratively developed by the Western States Water Council 
(WSWC) and the U.S. Army Corps of Engineers (Corps).  This 
agreement, executed on October 17, 2006 defines the framework goals 
of the Study.  One of the primary goals of the SVPA was to work with 
the WSWC and others to implement several recommendations defined 
in the June 2006 Water Needs and Strategies for a Sustainable Future 
report4. 
 
The WSWC, working with others, developed the framework for a 
broad scope of work to implement the June 2006 report 
recommendations.  Several federal agencies determined the tasks that 
they could help accomplish and multi-agency Project Delivery Teams 
were established to address topics associated with 1) water data 
collection, 2) drought, 3) natural hazards, 4) watershed management 
tools and collaborative planning, 5) federal resources and 
collaboration initiatives, 6) federal project infrastructure needs (asset 
management), and 7) climate change.   


                                                 
3 The Western States Watershed Study is one of five national studies conducted under the authority of Public 
Law 109-103.  The authority directs the Corps of Engineers to conduct at full federal expense, comprehensive 
analysis that examines multi-jurisdictional use and management of water resources on a watershed or regional 
scale. 
4 The Water Needs and Strategies for a Sustainable Future report was created by the WSWC and released by the 
WGA in June 2006.  Refer to:  www.westgov.org/wswc/water%20needs%20and%20strategies-finalrev.pdf 
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Selected information from the Study was used by the WSWC to help them 
develop several of the recommendations contained in the June 2008 
follow-up report:  Water Needs and Strategies for a Sustainable Future:  
Next Steps.  The knowledge derived from the various WSWS activities 
was based on multiple non-federal and federal organization input and, 
therefore, does not represent the position of any federal agency but rather 
provides information for decision makers.   
 


This pilot collaborative process was accomplished by the coordinated planning assistance 
activities conducted by water resource experts from the WSWC, Western Governors’ 
Association, U.S. Geological Survey, Reclamation, National Oceanic and Atmospheric 
Administration, Natural Resources Conservation Service, Environmental Protection Agency,  
U.S. Army Corps of Engineers and other organizations.   
 
 
 
 
 


 


 
 
 
 
 


State and 
Federal 
Resources 


Water Data 
Collection Tasks 


Drought and 
Climate Change 


Tasks


Watershed Tools 
and Planning Tasks 


Asset Management 
Tasks 


Examples of multi-organization 
Project Delivery Teams 


The Western States Watershed Study helped provide a pilot demonstration 
of the WSWC’s concept for a Western States Federal Agency Support Team 
(WestFAST). 


 
The WSWS helped demonstrate WSWC’s concept for a Western States Federal Agency 
Support Team (WestFAST).  Therefore in June 2008 the WSWC also included in their 
recommendations the formalization of a WestFAST and a Federal Liaison Officer position.    
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The WSWC Federal Liaison Officer was selected in August 2008.  The WestFAST 
Declaration of Cooperation was signed by nine federal agency representatives and executed 
in December 2008.  TheWestFAST Declaration of Cooperation provides a framework 
strategy for continuing collaborative support from the previously mentioned federal agencies 
and provides for additional team members from the Bureau of Land Management, U.S. Fish 
and Wildlife Service, and the U.S. Forest Service. 
 
 
Existing Policies, Programs, and Authorizations.   
Existing programs and authorizations were used by various entities to help the WSWC 
accomplish several recommendations contained in the June 2006 Water Needs and Strategies 
for a Sustainable Future report.  Several of the activities by agencies and organizations such 
as the Bureau of Reclamation and Environmental Protection Agency were already underway 
or completed prior to the release of the June 2006 report. The information and technical 
expertise associated with those earlier and on-going efforts also helped considerably in 
implementing the report recommendations.   
 


 
Potential Policies, Programs and Authorizations to Address Future High-
priority Initiatives.   
Some non-federal organizations have expressed their vision for future water resource 
initiatives.  For example, the American Water Resources Association (AWRA) and others 
have expressed the necessity for a national assessment of water resource needs5.   
 
In September 2007 a report on A Strategy for Federal Science and Technology to Support 
Water Availability and Quality in the United States was prepared by the National Science 
and Technology Council Subcommittee on Water Availability and Quality (SWAQ).  The 
SWAQ report identified three scientific and technical challenges to ensure adequate water 
supply for the Nation: 1) measure and account for water, 2) develop methods that will allow 
expansion of fresh water supplies while using existing supplies more efficiently, and 3) 
develop and improve predictive water management tools.  The following is the proposed 
framework strategy of the SWAQ study: 
• Implement a National Water Census 
• Develop a new generation of water monitoring techniques 
• Develop and expand technologies for enhancing reliable water supply 
• Develop innovative water-use technologies and tools to enhance public acceptance of 


them 
• Develop collaborative tools and processes for U.S. water solutions 
• Improve understanding of water-related ecosystem services and ecosystem needs for 


water 
• Improve hydrologic prediction models and their applications 
 


                                                 
5 Refer to the AWRA February 20, 2007 letter to the President of the United States. 
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State water plans typically include the following interacting components:  1) demand 
projections, 2) supply and gap analysis, 3) identification and evaluation of supply 
alternatives, and 4) state water policy.   It is envisioned that the WestFAST could assist 
Western States with their planning activities, if desired.  Information from state planning 
efforts would significantly contribute to a regional assessment of resource needs.  This 
process could also as a large-scale demonstration for a national assessment of needs.  
Information from state planning efforts could also be used to help determine national water 
policy and priorities that best align federal agency support to states while taking into account 
regional issues such as population growth, climate change, future data needs, and the nation’s 
aging infrastructure.   


 


State and 
Federal 
Resources


?


Information for
National Water Policy


(i.e. regional water supply, 
climate change, 


Asset Management, etc.)


?


The WestFAST could potentially leverage resources to help 
states accomplish their water resource planning activities 


which would contribute information for a regional assessment 
of needs.  Ideally, this initiative could serve as a large-scale 


demonstration for a national assessment of needs.


?


Western States Federal Agency Support Team (WestFAST).
Additional team members TBD.


Information from state water planning efforts could also 
serve to help develop, and be integrated into, national 


policy/programs that best align federal agency support to 
states and considers regional watershed issues.


 
 
Existing programs and anticipated upcoming federal agency activities could be leveraged to 
help implement the SWAQ framework strategy.  The following Table provides several 
examples of existing programs that were utilized during the Study and also shows other 
promising programs that could potentially be leveraged to help states accomplish their water 
resources planning activities and use that information to help complete regional and national 
assessments of water resource needs that could be periodically updated as states update their 
plans. 
 


 
Organization Examples of Potential Contributing Programs and Expertise 
Reclamation Water for America  


Expertise in Evapotranspiration, Asset Management, Climate Change 
USGS Cooperative Water Program, National Streamflow Information Program, Water for America 
NOAA National Integrated Drought Information Program.   


National Weather Service technical expertise associated with precipitation. 
NRCS Snow Survey and Water Supply Forecasting Programs 
EPA Targeted Watershed Grants Program, Sustainable Water Infrastructure Initiative 
USACE Integrated Water Resources Planning and Management initiatives, Planning Assistance to States 


and various General Investigations Program Watershed Studies 
Forest Service National Environmental Status and Trends (NEST) Indicators Project 
USFWS Mission:  working with others, to conserve, protect and enhance fish, wildlife, and plants and their 


habitats for the continuing benefit of the American people. 
BLM Land Use Planning Program –  


Expertise on Resource Management Plans 
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Collaboration with western states and other organizations would be essential during the 
development of a scope of work for a regional assessment in the West.  Information from the 
September 2007 SWAQ report could help in defining the federal role.  Information and 
lessons learned from this regional assessment would then contribute pertinent information to 
a follow-on assessment of the remaining United States.  
 
As the national assessment progresses to the eastern portions of the United States, most of the 
agencies associated with the WestFAST could provide long-term continuity as other 
organizations, such as the Tennessee Valley Authority, become engaged in the process.   
 
There are many existing programs and anticipated initiatives that could be leveraged to begin 
implementation of the SWAQ framework plan.  Pilot scale initiatives in the West could take 
advantage of the partnership between the WSWC and WestFAST.  The following graphics 
are not intended to be comprehensive but are based on observations during the WSWS and 
illustrate concepts of potential multi-organization collaboration and programs (refer to the 
Table on page 9) to begin implementation of the SWAQ plan in the West and future state and 
federal collaboration to address regional issues. 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 


7.  Improve Hydrologic 
Prediction Models and Their 


Applications 


1.  National Assessment of Water Resource Needs  
• Consider state planning efforts to contribute information.  If requested, states could 


potentially utilize the following programs to help them develop their plans:  1) 
Reclamation’s/USGS’s Water for America,  2) Corps’ Integrated Water Resources 
Management initiative, “Planning Assistance to States” Program and General Investigation 
Watershed Studies, 3) BLM’s Land Use Planning program. 


• Consider leveraging the federal programs associated with the following technical expertise:  
1) evapotranspiration (Reclamation), 2) water data collection (USGS), 3) National Integrated 
Drought Information System program (NOAA), 4) precipitation (National Weather Service), 
5)  snow survey and water supply forecasting programs (NRCS), 6) Sustainable Water 
Infrastructure Program (EPA), 7) National Environmental Status and Trends (NEST) 
Indicators Project (Forest Service)  


4.  Develop innovative water-use 
technologies and tools to enhance public 
acceptance of them 


6.  Improve Understanding of Water 
Related Ecosystem Services and 


Ecosystem Needs for Water 


5.  Develop Collaborative Tools and 
Processes for U.S. Water Solutions 


• Consider:  1) Reclamation Research and Development, 2) 
USGS CWP/NSIP, 3) Corps Shared Vision Planning (SVP) 
and System Wide Water Resources Program (SWWRP). 


3.  Develop and Expand 
Technologies for Enhancing 


Reliable Water Supply 


2.  Develop a New 
Generation of Water 


Monitoring Techniques. 







Task Name


Periodic State Plan Updates


Regional / Watershed Updates
Multi-Organization National Policy Strategy Meetings


Concept for Using Information from State Planning Efforts to 
Develop Regional/Watershed Assessments and the Integration of 
Completed Regional / Watershed Assessments Into State Plans  


 
State water planning activities would provide information to help 
develop regional/watershed assessments.  Completed regional/ 
watershed assessments would provide information for future 
updates of State Plans.  This on-going process may help states 
with an approach to planning that takes into consideration 
regional/watershed issues that transcend political boundaries.  
Some examples of regional/watershed type information that 
could be useful for State Plans: 
• Regional Surface and groundwater budget information, 


quantity/quality data 
• Forecasted/Theoretical Scenarios of Changes to Climate and 


associated regional/watershed water resource impacts 
• Ecological Interactions and Endangered Species 


Approx. 5-10 Years ? (TBD) 


National policy and programs updates to best 
align federal agency support to states would be 
based on collaborative multi-organization   
annual issue/strategy discussions and technical 
information from periodic regional/watershed 
assessments. 


Long-Term future collaborative activities 
would be based on lessons learned and 
new information. 
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State Water Plans updated 
every 5-10 years 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Partnering with States and Other Organizations to Support Integrated 
Water Resources Planning and Management 
The WestFAST supports a continued commitment on the part of Federal and State 
organizations; working with local, Tribal, and other stakeholders; to improve the 
effectiveness of collaboration to seek watershed solutions to water issues in the Western 
States.  On a national scale the Corps has initiated collaborative activities with multiple 
nation-wide stakeholders that will ultimately lead to the development of a “Federal Support 
Toolbox” of authorities, models, data, systems approach, best practices, etc., to help States 
and the Corps move toward more integrated water resources management (IWRM)6.    
 


Contingent on approvals, the Corps’ new Engineering 
Circular (EC) 1105-2-411 will provide a policy 
guidance framework for conducting watershed planning 
and preparing watershed plans within the Corps.  EC 
1105-2-411 goes beyond traditional project planning for 
specific Corps projects towards more comprehensive 
evaluations and analysis.  The goal of integrated 
watershed approaches across diverse political, 
geographic, physical, institutional, technical, and 
stakeholder considerations is to better meet the 
changing needs of the nation. 
 
The guidance describes several pathways to conduct a 
watershed study that could result in a watershed report 
with information for Congress, a specific water 
resources project or a Watershed Management Plan that 
provides technical support to an initiative such as a 
comprehensive state water plan. 
 


 
Summary of Findings 


1. An important mission of the WSWC is to advise the WGA on water policy issues.  To 
accomplish this mission the WSWC depends heavily on water resources technical 
information from its states and federal agencies. 


 
2. Existing federal programs and authorities provided adequate opportunities for 


Reclamation, USGS, NOAA, Corps, EPA and NRCS to leverage resources to help 
accomplish several recommendations identified in the WGA/WSWC June 2006 
report on Water Needs and Strategies for a Sustainable Future.  The WSWS activities 
essentially provided “planning assistance to states” associated with the following 
topics:  water data collection, drought, natural hazards, climate change, watershed 
tools/collaboration, federal resources/collaboration, asset management, and 


                                                 
6 For additional information the Corps’ IWRM Project Manager is Ms. Ada Benavides – 
Ada.Benavides@usace.army.mil 
 


12 



mailto:Ada.Benavides@usace.army.mil





 


policy/programs.  Following the study, it is likely that these topics will continue to be 
of common   interest to the 17 western states. 


 
3. The collaboration of federal agencies and the WSWC provides opportunities to 


leverage existing authorities, existing technical resources, and limited funds more 
effectively than when each agency provides technical support to the Council 
independently. 


 
4. The WSWC was successful in working with federal agencies to formalize a 


WestFAST and WSWC Federal Liaison Officer position. 
 


5. Several organizations have expressed a need for a national assessment of water 
resource needs and that the center of gravity should rest at the state level and be 
backed by appropriate support from the federal government. A national assessment 
would not benefit all of the 17 western states but would likely benefit a majority of 
them.  Future state water plans could potentially serve as a significant information 
component of a national assessment and be used to help develop national 
policy/programs that best serve states and takes into consideration regional watershed 
issues.  Existing federal authorities and proposed initiatives could be leveraged, 
through collaborative activities of WestFAST to help states accomplish their water 
resources planning activities.  For instance the Department of Interior’s “Water for 
America” proposal would launch Reclamation’s and USGS contribution to a water 
census.  The Corps’ Integrated Water Resources Management initiative, Planning 
Assistance to States program and other programs along with NOAA, EPA, NRCS and 
other agencies programs could also potentially contribute resources to this effort.  
This WSWC/WestFAST initiative could also serve as a large-scale demonstration for 
a national assessment of water resource needs. 


 
 
Recommended Next Steps 
The following recommended next steps, if accepted, are intended to provide a basic 
foundation framework strategy to be prioritized and refined by decision makers for both 
short- and long-term implementation7. 
 


1. It may be beneficial to consider the WestFAST and WSWC collaborative 
implementation of selected priority recommendations from the WGA/WSWC June 
2008 report and, as needed, the identification of associated strategies for coordinated 
research and development (R&D) of water resource tools.  For example, collaborative 
R&D that includes priority considerations associated with asset management and 
climate change may be desirable. 


 
2. In addition to working with the WSWC on regional challenges, leveraged resources 


of the WestFAST should be used, as requested, to help states accomplish their water 
                                                 
7 Please refer to other WSWS Technical Reports for recommendations associated with water data collection, 
drought, climate change, watershed tool/collaborative planning, federal resources/collaboration, and asset 
management. 
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resource planning activities.  This effort could be conducted in a manner that leads to 
a regional assessment of needs and provides a large-scale demonstration for a national 
assessment of water resources needs.8 


 
3. Information from state planning efforts should be used by decision makers to help 


determine national policies and priorities that best align federal agency support to 
states and take into consideration regional watershed, coastal, and other issues.  In the 
future, national assessments and policy could be updated using information from the 
periodic updates of state water plans.   


 
4. It may be beneficial to consider a pilot demonstration of a forum that would begin to 


integrate non-federal stakeholders into discussions on national policy and associated 
issues.  Many options could be considered such as annual meetings in Washington, 
DC held in cooperation with key organizations such as the WSWC.  


 
8 Concurrent with a large-scale demonstration of a process to help Western States accomplish their planning 
activities and conduct a regional assessment, federal agencies, eastern states, Tribes and other stakeholders 
should consider initiatives to help set the stage to continue the national assessment of water resources needs. 
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Executive Summary 
 


 
Asset management is the art of managing the life cycle cost of 
infrastructure assets with innovative and adaptive strategies to 
ensure those assets continue to provide value to the nation and 
meet expected levels of service while mitigating risk.  Because of 
the importance of sustaining federal and non-federal infrastructure 


for the benefit of current and future generations, the Western States Water Council 
(WSWC) is an advocate of collaborative asset management initiatives by federal agencies 
and other organizations.1   
 
The goal for this component of the Western States Watershed Study was to identify 
initiatives that could potentially leverage the ongoing asset management activities of 
various organizations in a manner that would promote the shared development of 
solutions to regional and national challenges. The study objective was to identify 
potential common areas of interest shared by the Bureau of Reclamation (BOR), the 
Corps of Engineers (Corps), the Environmental Protection Agency (EPA) (Office of 
Water), and western states.  It was also important that study recommendations would 
contribute to and/or complement initiatives for a national approach to asset management.  
BOR and the Corps have responsibilities for similar types of structures, such as 
reservoirs, and the EPA is an advocate of advancing asset management technology and 
understanding because of the millions of dollars they have invested in water and 
wastewater infrastructure.  Western states have an interest in the long-term sustainability 
of federal and non-federal reservoirs and how those resources contribute to 
comprehensive state water planning initiatives.   
 
 
Findings 


1. Lessons learned from dam safety programs established by the  BOR and the 
Corps are being applied to help in developing risk-based prioritization models and 
processes.  As future asset management technology and policies develop, there 
may be opportunities to extend the life of reservoirs.  In addition to prioritizing 
and accomplishing maintenance needs, it is envisioned that future long-term asset 
management decisions associated with some reservoirs will need to take into 
consideration some or all of the following:  1) potential for storage reallocation 
and/or reservoir system operation changes, 2) regional sediment management2 
and 3) climate change. 


                                                


 
2. Reclamation is implementing the Management for Excellence team 


recommendation to adopt a quantifiable prioritization framework for operation 
 


1 This report on asset management initiatives is in response to recommendation 3.F-I(1) in the Water Needs 
and Strategies for a Sustainable Future report released by the Western Governors’ Association and WSWC 
in June 2006. 
2 The objective of the regional sediment management approach is to achieve more effective management of 
sediment resources through strategies developed by Federal agencies, State, and local governments. 
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and maintenance that is used reclamation-wide in its Budget Review Committee 
process and is flexible enough to accommodate special situations.  Likewise one 
of the four pillars of the Corps’ Actions for Change initiative is to effectively 
implement a comprehensive systems approach in employing risk-based concepts 
for operations and major maintenance.  Based on the initial observation that 
Reclamation and Corps goals are similar, there could be potential common areas 
of interest in the development of corporate models and processes to prioritize 
asset management needs. 


 
3. The Environmental Protection Agency, Office of Water, has indicated 


an interest in collaborating with the BOR and the Corps on future 
asset management initiatives.  Through their Sustainable Water 
Infrastructure Initiative (SI), EPA is working as an advocate and 
sharing information on best practices, tools, innovative technology, 
and research.  EPA’s SI program provides an opportunity for 
leveraging resources to advance asset management technology for 
federal, state, and other organizations.  This information could be 
helpful in making future collaborative asset management decisions and thus 
contribute to the development and implementation of state water plans.   


 
 
Recommendations / Next Steps. 
1. Consider pilot initiatives to advance Multi-Criteria Decision Analysis (MCDA) 


technology that integrates, as applicable, the following criteria into 
comprehensive asset management strategies: 1) reservoir system operation 
changes/storage reallocation scenarios, 2) regional sediment management 
scenarios, and 3) potential influences/risk of climate change such as those 
associated with altered reservoir refilling scenarios. 


 
2. Consider collaborative initiatives between the BOR and the Corps to help develop 


shared vision asset management prioritization models and processes that could 
then be refined and used by each agency independently.  This technology could be 
shared with states and other organizations. 


 
3. Consider collaborative initiatives to identify potential opportunities to leverage 


EPA’s SI program to further advance asset management technology and 
information sharing for federal, state, and other organizations.  It is envisioned 
that this venue could also serve to help advance a national approach to asset 
management and help decision makers develop and clearly define federal policy 
regarding local infrastructure issues, including cost-share provisions, operation of 
state revolving loan funds and schedule pace for infrastructure construction and 
renovation.  
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 Background   
The Western States Watershed Study3 Shared Vision Partnership 
Agreement (SVPA) was collaboratively developed by the Western 
States Water Council (WSWC) and the U.S. Army Corps of 
Engineers.  This agreement, executed on October 17, 2006 defines 
the framework goals of the study.  One of the primary goals of the 
SVPA was to work with the WSWC to implement several 
recommendations defined in the Water Needs and Strategies for a 
Sustainable Future report.4  Also through the SVPA, an instrument 


was in place to encourage and facilitate the creation of an informal “Western States 
Federal Agency Support Team” (WESTFAST).  The WSWC, working with others, 
developed the framework for a broad scope of work to implement the report 
recommendations.  Once each of the participating federal agencies determined the tasks 
that they could help accomplish, multi-agency Project Delivery Teams were established.   
 
Because of the importance of sustaining federal infrastructure for the benefit of current 
and future generations, the WSWC developed the following Task5:  The Corps (working 
with others) will develop a strategic plan for the identification and prioritization of 
federal project infrastructure needs, which will include establishing a collaborative and 
comprehensive process of identification, conducting an independent risk assessment, and 
developing a multi-criteria decision analysis model to help prioritize needs.   
 
 
Asset Management Study Goals and Objectives 
Asset management is the art of managing the life cycle cost of infrastructure assets with 
innovative and adaptive strategies to ensure those assets continue to provide value to the 
nation and meet expected levels of service while mitigating risk.  The goal for this study 
was to identify initiatives that could potentially leverage the ongoing asset management 
activities of various organizations in a manner that would promote the shared 
development of solutions to regional and national challenges. To accomplish this goal the 
study objective was to identify potential common areas of interest shared by the BOR, the 
Corps, the Environmental Protection Agency (EPA)  (Office of Water) and western 
states.  It was also important that study recommendations would contribute to and/or 
complement initiatives for a national approach to asset management.   
 
The BOR and the Corps have responsibilities for similar types of structures, such as 
reservoirs, and the EPA advocates advancing asset management technology and 


                                                 
3 The Western States Watershed Study is one of five national studies conducted under the authority of 
Public Law 109-103.  The authority directs the Secretary of? The Interior?  to conduct a full federal 
expense, comprehensive analysis that examines multi-jurisdictional use and management of water 
resources on a watershed or regional scale. 
4 The Water Needs and Strategies for a Sustainable Future report was created by the WSWC and released 
by the Western Governors’ Association in June 2006.  Refer to: 
www.westgov.org/wswc/water%20needs%20and%20strategies-finalrev.pdf 
5 This Task is referred to as Task 3F-I(1) in the WSWC framework scope of work. 
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understanding because of the millions of dollars they have invested in water and 
wastewater infrastructure.  Western states have an interest in the long-term sustainability 
of federal and non-federal reservoirs and how those resources contribute to state water 
planning initiatives. 
 
 
Ongoing Activities Related to Asset Management  
The following sections provide examples of asset management-related activities being 
conducted by the BOR, the Corps, and EPA . Observations of the potential for future 
collaborative initiatives are provided.   
 
Potential Shared Vision Corporate Models and Processes 


The BOR is implementing their Management for Excellence 
Team recommendation to adopt a quantifiable prioritization 
framework for operation and maintenance that is used 
throughout the organization in its Budget Review Committee 
process and is flexible enough to accommodate special 
situations.  Likewise one of the four pillars of the Corps’ 
Actions for Change initiative is to effectively implement a 
comprehensive systems approach in employing risk-based 
concepts for operations and major maintenance.  Based on the 


initial observation that the goals of the BOR and the Corps are similar, there could be 
potential common areas of interest in the development of corporate models and processes 
to prioritize asset management needs.   
 
The Corps is actively engaged in the development of an asset management framework 
that will merge the agency’s vision for performance and efficiency along its business line 
missions with a proactive lifecycle investment strategy.  An ongoing Corps initiative 
relating to asset management is the development and implementation of the Facilities and 
Equipment Maintenance System (FEMS).  FEMS is a computerized maintenance 
management system that facilitates planning and documentation of operation and 
maintenance activities and costs by equipment or industrial system, maintenance 
histories, equipment condition data, repair frequencies, replacement parts/materials and 
related operation and maintenance records including labor and overtime utilization.  The 
information allows the user to examine cost and condition variances for similar categories 
of equipment and make management decisions to improve the effectiveness of operation 
and management strategies, crew utilization, equipment replacement, and funding 
decisions.   
 
Another particularly challenging aspect of asset management is prioritizing the condition 
of  aging infrastructure and communicating replacement needs to decision makers.  A 
decision model was recently developed for the Corps’ Mississippi River Valley Division 
(MVD).  Although this model was developed specifically for MVD, it serves as an 
example of the potential application of Multi-Criteria Decision Analysis (MCDA) in the 
West.  The MCDA case study is documented in Appendix A.    
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Future Leveraging of Ongoing Programs 
Lessons learned from dam safety programs developed by the Bureau of Reclamation and 
the Corps are being applied to help in the development of risk-based asset management 
prioritization models and processes.  As future asset management technology and policies 
develop, there may be opportunities to extend the life of reservoirs (and other assets).  
Therefore, in addition to prioritizing and accomplishing maintenance needs, it is 
envisioned that future asset management decisions associated with some reservoirs will 
need to take into consideration some or all of the following:  1) potential for storage 
reallocation and/or system operation changes, 2) regional sediment management, and 3) 
climate change.  
 
Storage Reallocations/System Operation Changes 
The BOR, in concert with a stakeholder work group, has completed a comprehensive 
Boise/Payette Storage Assessment study to identify additional water storage opportunities 
to meet an array of water needs in the Boise/Payette River basins.  The Corps of 
Engineers’ program “Water Storage for Water Supply Assessment” is designed to look at 
Corps reservoirs to determine the best candidates for opportunities for operational 
changes and/or storage reallocations.    These assessments and potential follow-on 
initiatives would contribute meaningful information for federal asset management 
decisions, national assessment of water resource needs, and state water plans.   
 
Regional Sediment Management 
Regional sediment management (RSM) is a system-based approach for collaboratively 
addressing sediment-related issues within a regional context.  The objective of the RSM 
approach is to more effectively manage dredged material and other sediment resources 
through regional management strategies that link the management of Corps projects 
within a sediment system, with one another, and with activities of other Federal agencies, 
State, and local governments.6  An updated analysis of sediment volume and distribution 
in reservoirs followed by estimates of their remaining life relative to storage of water 
supply and other purposes would greatly contribute to the development of RSM plans and 
could be part of a national assessment of water resource needs. 
 
Climate Change 
Although there are huge uncertainties related to predicting the effects of climate change 
at this time, many technical experts agree that climate change will have substantial 
impacts on water resources in the future.  An ongoing pilot study is building on 
significant climate change impact studies conducted by the State of California 
Department of Water Resources, BOR, and the National Weather Service.  The 
information from this pilot study will contribute to developing technical approaches to 
examine altered reservoir refilling scenarios for reservoirs.  In future situations, it may be 
beneficial to implement structural modifications to existing reservoirs which would need 
to be considered in asset management decisions. 
 
                                                 
6 Additional information on regional sediment management initiatives can be found at 
http://www.iwr.usace.army.mil/inside/products/proj/lstprojects.cfm 
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Additional Collaboration Possibilities 
The EPA Office of Water, has indicated an interest in collaborating 
with the BOR and the Corps on future asset management initiatives.  
Through their Sustainable Water Infrastructure Initiative (SI), EPA is 
working as an advocate and sharing information on best practices, 
tools, innovative technology, and research. EPA’s SI provides an 
opportunity for leveraging resources to advance asset management 
technology for federal, state, and other organizations.  This 


information could be used to help make collaborative asset management decisions in the 
future and contribute to developing and implementing state water plans. 


 
 


Recommendations / Next Steps 
The following recommendations are offered at this time: 
 


1. Consider a WESTFAST pilot initiative to 
advance MCDA technology that integrates, as 
appropriate, the following multiple criteria 
into comprehensive asset management 
strategies: 1) reservoir system operation 
changes/storage reallocation scenarios, 2) 
regional sediment management alternatives, 
and 3) potential influences/risk of climate 
change such as those associated with altered 
reservoir refilling scenarios. 


 
2. Consider collaborative initiatives between the BOR and the Corps to help develop 


Shared Vision Asset Management prioritization models and processes that could then 
be refined and used by each agency independently.  This technology could be shared 
with others. 


 
3. Consider WESTFAST/WSWC and other organizations initiatives to identify potential 


opportunities to leverage EPA’s SI program to further advance asset management 
technology and information sharing for federal, state, and local organizations.  It is 
envisioned that this venue could also serve to help advance a national approach to 
asset management and help decision makers develop and clearly define federal policy 
regarding local infrastructure issues, including cost-share provisions, operation of 
state revolving loan funds and schedule pace for infrastructure construction and 
renovation.  
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Appendix A 
Multi-Criteria Decision Analysis Case Study 


 
 


Introduction 
Prioritizing maintenance activities in an important component of asset management.  
Therefore, a component of Task 3F-I(1) is to develop a multi-criteria decision analysis 
model that demonstrates a methodology to prioritize infrastructure needs.  Such a 
decision model was recently developed  for the Corps’ Mississippi River Valley Division 
(MVD).  Although this model was developed specifically for MVD, it serves as an 
example of the potential application of Multi-Criteria Decision Analysis (MCDA) in the 
West.  It is envisioned that future collaboration between the BOR and the Corps could 
lead to the shared development of prioritization models that would then be refined and 
used by each agency independently.  Through further collaboration with the EPA’s 
Office of Water Sustainable Water Infrastructure Initiative, this technology could be 
collaboratively developed and shared with others. 
 
Background 
Decision-making for the complex problems associated with asset management, such as 
prioritizing infrastructure backlog projects, can become overwhelming especially when 
dealing with multiple conflicting objectives, alternatives, and stakeholders.  A process is 
needed to organize the massive amount of information into a usable form.  When projects 
are multi-faceted and complex, they need a systematic process to organize large amounts 
of information in a manner beneficial to pre- and post-phase decision-makers.  
Environmental projects such as those prioritizing lock and dam maintenance projects can 
seem complex when multiple objectives, alternatives, and stakeholders collide.  The 
purpose of this document is to show how the Corps Mississippi Valley Division (MVD) 
is prioritizing its infrastructure maintenance backlog projects using the direct scoring 
method. 
 
It is MVD policy to have a standard operating procedure business process that establishes 
priorities on a regional basis for use in planning and executing the MVD navigation 
business function program.  One end result of the process will be maintenance of a five- 
year MVD execution plan(s) based upon the priorities established.  MVD has 
implemented a process to prioritize backlog maintenance.  Its initial application was 
during the Fiscal Year 2008 (FY08) budget submittal.  MVD recognized that the 
emphasis upon performance-based budget systems within the Federal government 
requires objective and accountable means to identify and execute projects with the 
highest return on investment.  This prioritization task was one element of a multi-phased 
initiative embraced by MVD senior leaders to recognize and capitalize upon the 
efficiencies available through regional sharing of resources.  It also establishes and 
maintains a process to prioritize backlog maintenance requirements for the navigation 
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business function throughout MVD on a regional basis without regard for District 
boundaries. 
 
The regional initiatives began in May 2005.  However, the devastation from Hurricanes 
Katrina and Rita in 2005 diverted resources to higher concerns and the prioritization 
effort was idle until January 2006.  With the goal to have a process available for use in 
development of the FY08 budget, the prioritization team established a fast-track schedule 
to establish the process and prioritize all MVD navigation backlog maintenance work by 
April 2006.   
 
To encourage acceptance of and active participation in the process by the six districts 
within the MVD, the prioritization team included representatives from each district and 
was led by a district representative also known as the MVD Prioritization Team.  The six 
MVD districts represented were New Orleans, LA; Vicksburg, MS; Memphis, TN; St. 
Louis, MO; Rock Island, IL; and St. Paul, MN.  In order to participate, team members 
had to leave their District hats at the door and represent their region in this key MVD 
effort.   
 
With a compressed time frame and a fixed completion date requirement, subsequent 
activities were initiated prior to completion of earlier activities.  For example, weighted 
evaluation criteria were identified prior to identifying all the tasks to be prioritized.  With 
no time available for extensive analyses, the tight time frame also steered the team 
towards establishment of a process relying upon readily available tools and upon the 
professional judgment of experienced individuals within the MVD navigation programs.   
 
Using Decision Analysis to Prioritize Tasks 
Multi-criteria decision analysis (MCDA) is a set of tools and techniques that describe 
objectives, alternatives, and uncertainties within a framework designed to guide complex 
decisions.  MCDA helps bridge the gap between science uncertainties and values of 
stakeholders and decision makers and works well in environments with multiple 
stakeholders, alternatives, and objectives.   
 
A commonly used tool to weight criteria within MCDA is known as the direct scoring 
method.   The direct scoring method used for this project requires specifying numerical 
values for the expected performance of decision alternatives measured against multiple 
objectives.  It is widely used in ranking sports teams (e.g., the Tour de France, World 
Motor Racing Championships, football polls), as well as scoring track meets or selecting 
winners in music or television award shows.  This method sums rankings collected by a 
given alternative relative to each criterion.  A common example of the direct scoring 
method is the point allocation used for scoring sporting events.  This method assigns the 
scores obtained by a given alternative with different maximum points available for each 
criterion.  Then, all the points obtained for all the criteria for each of the alternatives are 
summed to produce a ranking of the alternatives.  This method is frequently applied in 
evaluating environmental problems because it is relatively easy and simple to use.   
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MVD is also using the “decision rule” approach for criticality, which includes reliability 
and risk.  The most desirable outcome is where risk is low and reliability is high (shaded 
cell). 
 R e l i a b i l i t y 


Low/Low High/Low 


R
is


k 


Low/High High/High 
 
Reliability refers to the likelihood (p=probability) that a structure will perform as 
designed.  Risk describes the likelihood (1-p) that a structure will fail/ malfunction so that 
it results in an adverse effect/result.   
 
 
Methods 
The prioritization process included the following primary components; 
 
Step 1. Identify backlog items.  The team’s starting point was a list of 1,229 unfunded 
budget items.  After refining the definition of what was to be included, the initial list of 
projects was screened to yield a final list of 373 tasks that were evaluated totaling $908 
million. 
 
Step 2. Establish weighted parameters for evaluation.  The criteria to be considered are 
Civil Works budget performance measures, service to stakeholders, what other Corps 
programs have used (i.e., Great Lakes & Ohio River Division, LRD), and safety.  
Establishing criteria and weights has been a continuous and evolving activity.  The end 
product included the weights shown below for major criteria. 


 
a. Criticality had weight of up to 80 based upon risk of failure and consequences 


of failure upon navigation business function. 
 


b. The maximum weight of traffic measures was 30, with a maximum weight of 
21 for tons and of 9 for number of lockages. 


 
c. Seven other criteria had maximum weights ranging from 3 to 10; District 


Rank (5), Navigation Benefit (10), Environmental Benefit (5), Unfunded 
Duration (3), Construction Impact (5), Inland Waterways Trust Funds (5), 
Safety Benefit (5).   


 
Step 3. Regional team evaluation of backlog items.  This step involved periodic face-to-
face evaluations of all backlog tasks.  These evaluations are being performed at least once 
each year early in the O&M (Operation and Maintenance) budget preparation process.  
Interim evaluations will be performed if warranted by significant additions or deviations 
impacting the backlog list.  
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In April 2006 (Vicksburg, MS); November 2006 (Memphis, TN); January 2007 (St. 
Louis, MO); and November 2007 (Rock Island, IL – pending); team representatives from 
each of the six districts met at a pre-designated district office to perform final evaluation 
of all of the identified tasks.  The evaluation sessions were facilitated by personnel from 
the Engineer Research and Development Center (ERDC).  The evaluation process for 
each of the tasks started with a PowerPoint presentation including photos and a brief 
description of each project.  Photographs (attached) show example slides from the Rock 
Island and St. Paul districts.  The home district representative for the task then explained 
the task and answered questions.  Each of the six districts evaluated the criteria based 
upon their value judgments.  Criticality, navigation, environmental, and safety benefits 
criteria were evaluated by Expert Choice®, a commercially available decision-making 
software product.  The time duration to address each of the tasks was limited to two or 
three minutes. 
 
A flow chart was navigated and the two yes/no questions were answered and recorded.  
The two questions related to whether the task failed and would failure close navigation?  
Spreadsheets were used to evaluate yes/no questions on an individual basis.  Then a 
record was created for each project to indicate how each project was placed in a given 
criticality category [i.e., urgent and compelling (61-80), critical (41-60), necessary (21-
40), and prudent (1-20)].  The figures below are screen captures of various steps 
employed during task rankings.   
 
Figure 2 represents the scales set prior to the most recent evaluation.  Here direct values 
and qualitative scales are used to rank the major criteria.  In this example, criticality was 
set as an increasing utility curve and the remaining three parameters were set as ratings 
formula types.  This information allows the participants to enter any value between 0-100 
for criticality and “rate” alternatives using descriptive words; however, values are 
associated with each word to accumulate an average value.  Benefits in the areas of 
navigation, environment, and safety were ranked from significant to neutral to no impact. 
 
 


 


 
Figure 2. Screen Capture of Assigning Scales to Major Criteria. 
 
 
 
Figure 3 represents the actual assessment of St. Louis task #84.  The scale and weights 
for criticality (ranging from 10 to 20) are shown as well as how each district evaluated 
this task.  The average (15.6%) and variance (5.3%) can be seen in the top right-hand 
corner.  This ranking can also be done anomalously.   
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Figure 3.  Screen Capture Evaluating a Specific Task from the St. Louis District. 
 
 
Figure 4 is the results screen for select tasks.  Real time average values can be seen for 
these tasks.  The criteria scores across a given row (task) are then summed to yield an 
overall score for each task based on district rankings.  This score is then combined with 
several other parameters to yield final task rankings (not shown). 


 


 
Figure 4. Screen Capture of Results for Select Tasks. 
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Step 4. Review, adjust, finalize.  The process and use of the resultant prioritized list 
continues to evolve.  The list will be a living document reflecting changes to the needs of 
MVD over time.  The team was charged to continuously monitor feedback of all process 
components and incorporate lessons learned as appropriate.   
 
 
Results and Discussion 
Three task groups were selected (dam gate repairs, lock miter/lift gate repairs, and lock 
miter/lift gate replacement) to evaluate project ranks for each district in the criticality 
category (Figures 5-7).  These groups were selected because they each contained multiple 
projects and districts.  The x-axis represents the group task’s identification number and 
the y-axis represents the averaged criticality value.  The figures collectively show that 
while a slight bias is noted for a few district tasks, the district rankings for each task were 
similar overall.  Figure 8 shows the overall scores by criticality category.  This process 
was successful in that of the 373 total tasks prioritized, 136 tasks were classified (urgent 
and compelling (31 tasks), critical (39 tasks), necessary (30 tasks), and prudent (36 
tasks)). This process successfully identified the highest priority tasks for funding.  The 
highest 136 tasks were further prioritized so that the tasks categorized as compelling 
would be slated first for funding. 
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Figure 5. Overall District Comparison for Dam Gate Repairs Group. 
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Figure 6. Overall District Comparison for Lock Miter/Lift Gate Repairs Group. 
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Figure 7. Overall District Comparison for Lock Miter/Lift Gate Replacement Group. 
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Figure 8.  MVD Overall Criticality by Category 
 
 
Conclusions 
To measure the success of this program, senior PMPB leaders will monitor execution of 
navigation maintenance activities to see that highest priority tasks are funded before 
lower priority tasks.  The direct scoring method is one alternative to making decisions 
within a large number of alternatives for prioritization.  There are other multi-criteria 
decision-making tools that may provide more optimal results given specific project goals 
and objectives.  For example, MCDA displays benefits when utilized for prioritization 
decision-making and thus its use is highly encouraged.  Ultimately, the expected benefit 
of using MCDA is better decisions, i.e., decisions that can be quantitatively and 
transparently supported by data and stakeholder values.  It also aids in decision-making 
that considers both the technical information and stakeholder values that can only be 
accomplished through the structure and discipline provided by MCDA.  Such approaches 
enable decision makers to credibly distinguish and prioritize alternatives among low and 
high risks and to systematically evaluate and compare alternatives. 
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Photographs 


Task #MVR042: Repair of Replace Emergency Gates at L/D11, 12, 13
Location: Mississippi River, Lock and Dam 11, 12, 13 RM 583-522
Description/Condition: These auxiliary gates are not part of an operational lock 
chamber however they serve as the only means in the unfinished auxiliary area 
for maintaining the navigation pool.  Severe corrosion has destroyed the main 
skin plates of these 70-year old gates (50-year design life).
Criticality, Nav, Env, Safety Impacts: Failure of emergency gates could cause 
loss of the navigation pool and resulting closure to navigation.


 
Repair of Replacement? Emergency Gates 


70-year-old gates 
 
 


Task MVP013 LD2-LD9 Vault Lead Paint and Mold Abatement
Location: Mississippi River, LD2-LD9, RM 648-815
Description/Condition: Removal of lead paint and mold containments.  
Installation of moisture control system.  Loose lead paint particles and high 
mold concentrations establish hazardous environment.
Criticality, Nav, Env, Safety Impacts: Electrical control projects enclosed 
the basements of the old control stations for use as electrical vaults.  The 
enclosed chambers have developed severe humidity atmospheres.  Lead 
based paint on the old walls is peeling off and mold has developed.  A 
moisture control system is necessary to prevent failure of electrical 
connections and wiring for the lock operating equipment.


 
 


Lead-based paint 
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♦ Description of Cache la Poudre pilot on 
SVP for 404 water supply permit.  


♦ White Paper “ Shared Vision Planning 
Applied to Regulatory Decisions” 


♦ Video & workshop summary on SVP in 
404 & Water Supply 


♦ Visualization Primer and Tutorials 
♦ Case Studies, Background, References, 


links 
 www.SharedVisionPlanning.us 


Current Case Studies 


♦ Cache la Poudre, CO 
♦ Willamette, OR 
♦ James River, VA 
♦ Upper Great Lakes, US & Canada 
♦ Connecticut River, New England 
 


Hal Cardwell, Institute for Water Resources 
(703) 428-9071 
Hal.E.Cardwell@usace.army.mil 
 
Kerry Redican, Institute for Water Resources 
(703) 428-9088 
Kerry M. Redican@usace.army.mil 


 Want More Info? Why Use SVP? 


 


♦ Improve predictability  with respect to 
issue identification and reaction to 
impacts from the Corps and from Fed-
eral Agencies 


♦ Improve issue resolution 
♦ Reduce controversy during the review 


process and at the presentation of the 
permit decision 


♦ Increase the reliability of answers to 
resource questions. 


♦ Reduce the chances for supplemental 
DEIS by identifying and addressing 
issues upfront. 


♦ Improve early issue identification 
♦ Support or rebuke findings of no sig-


nificance (FONSI). 
♦ Develop a project constituency. 
♦ Improve trust among stakeholders. 
♦ Improve information sharing. 
 


 Contacts: 


 


 


www.SharedVisionPlanning.us 







Model Characteristics Support 
Collaborative Planning 


Shared Vision Planning uses traditional 
Corps planning principles but modifies 
them to include earlier and more 
intensive collaboration with a wide 
variety of stakeholders 


• Build a team and identify problems 
with stakeholders, decision-makers 
and experts. 


• Develop objectives & metrics for 
evaluation  that may differ from 
national objectives and metrics 


• Describe the status quo using a 
collaboratively built model 


• Collaboratively formulate alternatives 
using the model  


• Collaboratively evaluate alternatives 
and identify tradeoffs using the model 


• Develop team recommendations 
• Implement and institutionalize the 


team’s recommended plan  
• Exercise and update the plan  


Structured Collaboration 
 


Shared Vision Planning uses a “Circles of  
Influence” approach to structure collaboration.  


 


Shared Vision Planning Steps 
 


A B C 


Circle A – Model 
Building team 


Circle B – Model 
Users, Validators 


Circle C –  All 
Interested Parties 


Integrated—All stakeholder interests and 
their interactions are in one place 
User Friendly—capable of being used by 
multiple stakeholders and decision makers 
Understandable/Transparent—
assumptions, inputs, relationships, & output 
Relevant to the interests and values of 
stakeholders and decision makers 
Adaptable/Flexible to changing condition 
& evolving processes 


Is This Just Theory? 
 


No, its not just theory— Collaborative Model-
ing in general has been gaining popularity 
across government agencies, within the pri-
vate sector and within NGOs.  
Shared Vision Planning traces its roots to wa-
ter supply planning for the Washington DC 
region in the mid ‘70s.  It was formalized in 
the early ‘90s in the  
National Drought Study and applied in vari-
ous cases including: 
• Five Pilot Studies in the National Drought 


Study (USACE) 
• ACT-ACF (USACE) 
• Rappahannock River (USACE,  


Virginia Tech) 
• Mississippi Headwaters Reservoir Opera-


tions Plan Evaluation (USACE) 
• Lake Ontario Saint Lawrence River Study 


(USACE, Intl Joint Commission) 
 


SVP as a collaborative process can aid in per-
mit reviews by opening the reviews earlier to 
a greater number of vested stakeholders.  
SVP thereby assists in identifying and assess-
ing the importance of all issues early in the 
process.  Stakeholders agree upfront on im-
portant issues, and collaboratively go through 
the technical analysis for issue assessment.  
In this way, the model(s) used for assessing 
impacts has been developed by stakeholders 
themselves, is transparent in both develop-
ment and operation, and directly addresses 
the concerns of stakeholders. 


How it Works with 404 
Permitting 


 


When to Use SVP in the 
404 Permit Process 


 


♦ Incorporated into the pre-application 
process for issue identification and im-
proved stakeholder involvement 


♦ During Scoping 
♦ After DEIS problem identification 
♦ Wherever, after reviewing your permit 


process, it seems appropriate. 
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Executive Summary 
 


States provide a pivotal role in the grassroots approach to water resources planning and 
project implementation.  States planning efforts must typically address problems and 
opportunities at various planning region, coastal and watershed scales inside and, as 
necessary, outside state political boundaries.  Regional alliances of state governors provide 
strategic priorities for water resources management and policy development.  An important 
role of federal agencies is to provide appropriate collaborative support for this approach to 
water resources planning and project implementation.   
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States provide the pivotal role in 
the grassroots approach to water 
resources planning. 


 


Regional, such as coastal and 
watershed, issues are candidates 
for initiatives that promote the 
shared development of solutions. 


 
 
 
 


Graphic Illustration of Water Region and State 
Political Boundary Interactions in the West. 


 
The Western States Watershed Study (WSWS) provided an opportunity to demonstrate 
how federal agencies could collaboratively work together to help support regional planning 
activities of the Western States.  The October 2006 Shared Vision Partnership Agreement, 
between the Western States Water Council (WSWC) and the U.S. Army Corps of 
Engineers, documents the goals of the WSWS (Appendix A).  The WSWS scope was based 
on several recommendations contained in the Water Needs and Strategies for a Sustainable 
Future report which was developed by the WSWC and adopted by the Western Governors’ 
Association (WGA) in June 2006.  The WSWS involved multiple organizations and 
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addressed priority issues associated with the following topics:  water data collection, 
drought, natural hazards, climate change, watershed tools/collaborative planning, federal 
resources/collaboration, asset management and policy/programs.  Selected information 
from the WSWS was used by the WSWC to help them develop several of the 
recommendations contained in the June 2008 follow-up report:  Water Needs and 
Strategies for a Sustainable Future:  Next Steps.  
 
The topics addressed in the WSWS are important considerations in developing state water 
plans that typically include the following interacting components:  1) demand projections, 
2) supply and gap analysis, 3) identification and evaluation of supply alternatives, and 4) 
state water policy.   The WSWS demonstrated that Federal programs could provide a 
significant framework of support and a considerable amount of information and expertise 
to help states strategically plan for short and long-term future water resource challenges.  
Collaboration between multiple organizations along with the leveraging of  “planning 
assistance to states” type programs provide more benefits to the nation than the scenario 
where each organization works independently on similar water resource issues.  Therefore 
in June 2008 the WSWC recommended the formalization of a Western States Federal 
Agency Support Team (WestFAST) and a WSWC Federal Liaison Officer position. In 
December 2009, a Declaration of Cooperation was executed by those Federal Agencies 
willing to participate as members of WestFAST.1 


State and 
Federal 
Resources


?


Information for
National Water Policy


(i.e. regional water supply, 
climate change, 


Asset Management, etc.)


?


The WestFAST could potentially leverage resources to help 
states accomplish their water resource planning activities 


which would contribute information for a regional assessment 
of needs.  Ideally, this initiative could serve as a large-scale 


demonstration for a national assessment of needs.


?


Concept for the “WestFAST.” Additional team members TBD


Information from State water planning efforts could also 
serve to help develop, and be integrated into, national 


policy/programs that best align federal agency support to 
states and considers regional watershed issues.


 
 
Recommended Next Steps 
The knowledge derived from various WSWS activities 
associated with water data collection, drought, natural hazards, 
climate change, watershed tools/collaborative planning, federal 
resources/collaboration, asset management, and 
policy/programs do not represent the positions of any federal 
agency, but rather provide information for decision makers’ 
considerations.  Recommendations and other information, 
associated with each of the WSWS activities, are consolidated 


                                                      
1 Ms. Jonne Hower, Bureau of Reclamation, was selected as the WSWC Federal Liaison Officer in August 
2008. 
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in Appendix B and are provided in technical documents located in Appendices C through 
K. The following recommended next steps, if accepted, are intended to provide a basic 
foundation framework strategy to be prioritized and refined by decision makers for both 
short- and long-term implementation.  
 
1. It may be beneficial to consider the WestFAST and WSWC collaborative 


implementation of selected priority recommendations from the WGA/WSWC June 
2008 report and, as needed, the identification of associated strategies for coordinated 
research and development (R&D) of water resource tools.  For example, collaborative 
R&D that includes priority considerations associated with asset management and 
climate change may be desirable.   


 
2. In addition to working with the WSWC on regional challenges, leveraged resources of 


the WestFAST member agencies should be used, as requested, to help states 
accomplish their water resources planning activities.  This effort could be conducted in 
a manner that leads to a regional assessment of needs and provides a large-scale 
demonstration for a national assessment of water resources needs.2 


 
3. Information from state planning efforts should be used by decision makers to help 


determine national policies and priorities that best align federal agency support to states 
and take into consideration regional watershed, coastal, and other issues.  In the future, 
national assessments and policy could be updated using information from the periodic 
updates of state water plans.   


 
4. It may be beneficial to consider a pilot demonstration of a forum that would begin to 


integrate non-federal stakeholders into discussions on national policy and associated 
issues.  Many options could be considered such as annual meetings in Washington, DC 
held in cooperation with key organizations such as the WSWC.   


 
 
 


                                                      
2 Concurrent with a large-scale demonstration of a process to help Western States accomplish their planning 
activities and conduct a regional assessment, federal agencies, eastern states, Tribes and other stakeholders 
should consider initiatives to help set the stage to continue the national assessment of water resources needs. 
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Foreword 
 
This summary report on the Western States Watershed Study (WSWS) and supporting 
technical reports were prepared for the Western States Water Council (WSWC).  The 
“planning assistance” type study was conducted as a collaborative effort by individuals 
from local, State, and Federal governments and other organizations.  Therefore the 
knowledge derived from various WSWS activities do not represent the positions of any 
Federal agency, but rather provide information for decision makers’ considerations.   


 
The WSWS scope was collaboratively formulated and based 
on several recommendations contained in the Water Needs 
and Strategies for a Sustainable Future report which was 
developed by the Western States Water Council and adopted 
by the Western Governors’ Association in June 2006.   
 


The WSWC used selected information from this study in their progress update contained in 
the Western Governors’ Association, June 2008 Water Needs and Strategies for a 
Sustainable Future:  Next Steps report. 
 
Key State organizations that participated in the WSWS included: the WSWC and 17 
affiliated active member Western States, the Western Governors Association and the Bear 
River Commission.  Some of the participants are also members of the Interstate Council on 
Water Policy and other water resources related organizations.  Key Federal participants 
included the U.S. Army Corps of Engineers, the U.S. Bureau of Reclamation, the National 
Oceanic and Atmospheric Administration, the U.S. Environmental Protection Agency, the 
Natural Resource Conservation Service, and the U.S. Geological Survey.  
 
The main report provides summary information on study goals, objectives, products, 
conclusions, and selected recommendations. For detailed findings and recommendations 
please reference the supporting technical reports located in the appendices. 
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 Study Overview and Major Findings 
On 17 October 2006, the Corps of Engineers (Corps) and Western States Water Council 
(WSWC) signed a Shared Vision Partnership Agreement (SVPA) and agreed to work 
collaboratively to develop and accomplish study activities that would contribute to the 
implementation of several recommendations associated with the priority water resource 
challenges as identified in the Water Needs and Strategies for a Sustainable Future Report. 
This document was prepared by the WSWC and released by the Western Governor’s 
Association (WGA) in June 2006. The goals set forth in the SVPA provided the direction 
for the two-year Western States Watershed Study (WSWS). For this study, Specialized 
Project Delivery Teams (PDT’s) were formed to address selected recommendations and 
accomplish associated tasks.  The PDT’s were typically comprised of technical experts 
from the Corps, WSWC, and other Federal agencies.  Collectively, the specialized PDTs 
are referred to as the WSWS PDT. 
 
The specialized PDT’s addressed the following subjects: Water Data Collection, Drought, 
Natural Hazards, Climate Change, Watershed Tools and Collaborative Planning, Federal 
Resources, Federal Asset Management, and Collaboration with Multiple Tribes. In 
partnership with the WSWC, the Corps provided leadership and facilitated the PDT 
activities. The Project Manager (PM), working with the Executive Director of the WSWC 
and under the general supervision of the Corps Southwestern Division Senior Leader, 
provided study management and leadership associated with the overarching SVPA goals. 
 
Beginning in July 2006 and based on the information needs of the WSWC and technical 
PDT’s, PDT members typically participated in the three WSWC meetings each year, as 
well as other technical workshops and conferences. Through this collaborative process the 
resources of multiple federal agencies were leveraged as opposed to each agency working 
independently with the WSWC.  The WSWS helped demonstrate the concept of a Western 
States Federal Agency Support Team (WestFAST). The establishment of a formalized 
WestFAST is underway and a WSWC Federal Liaison Officer position was filled in 
August 2008. The WSWC believes, and study results support, that these efforts have 
potential to help strengthen collaboration between the Western States, federal agencies, 
Tribes, and other stakeholders and local authorities.  This collaborative initiative could 
benefit research and development of watershed tools, help states accomplish their planning 
activities and contribute information to national assessments and policy decisions that take 
into consideration regional issues. 
 
The findings, conclusions and recommendations in this report are supported by several 
technical papers and reports prepared by the technical PDT’s to address each study topic. 
PDT members also contributed their talents and expertise in response to invitations and 
opportunities to present information at State, Federal and local venues. 
 
The WSWS PDT is pleased to present this report to the WSWC and others, and is confident 
that the information contained herein will support efforts to improve future planning and 
management of water resources in the Western United States. 
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Introduction 
The Western States Watershed Study (WSWS) was one of five national studies conducted 
under the FY06 Energy and Water Development Appropriations Act (PL 109-103). This 
act directed the Assistant Secretary of the Army for Civil Works to conduct at full federal 
expense3, comprehensive analyses to examine multi-jurisdictional use and management of 
water resources on a watershed or regional scale.  
 


The Western Governor’s Association (WGA) acts as a 
center of innovation and promotes shared development of 
solutions to regional problems. To address a broad 
spectrum of water resource challenges facing the West, 
the WGA, in 1965, adopted a resolution creating the 
Western States Water Council (WSWC). The WSWC 
consists of representatives appointed by the governors of 
18 Western States. The chartered purposes of the Council 
include accomplishing effective cooperation among 
Western States in the conservation, development and 
management of water resources.  The WSWS focused on 
the 17 member Western States that actively participate on 
the WSWC (Figure 1). Figure 1: Study Focus Area 
 


 
In support of this purpose, the WSWC completed a report on Water Needs and Strategies 
for a Sustainable Future, which was released by the WGA in June 2006 (Figure 2). This 
report will hereafter also be referred to as the June 2006 Report.  
 
The overarching goal of the WSWS was to support the efforts 
of the WSWC to implement several high priority 
recommendations identified in the June 2006 Report. To the 
extent possible, study activities were conducted in a 
collaborative manner with other federal agencies, the WSWC, 
WGA, and other stakeholders. Those initiatives culminated in 
plans and strategies that can typically be implemented under 
current authorities of the Corps, other federal agencies, state 
and local entities, and non-governmental interests. In some 
cases, the study identified high priority needs that may require 
exceptions to existing policies. 
 
The WSWS addressed the following five regional water 
resource topics:  


Figure 2: June 2006 Report 1) Drought, Natural Hazards, and Climate Change 
Preparedness 


2) Watershed Tools and Collaborative Planning 
3) Federal Resources and Collaboration Initiatives 


                                                      
3 A significant amount of resources, in addition to those resources funded with federal funds were 
leveraged during the WSWS.  Refer to Part III for additional information. 
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4) Asset Management; and 
5) Policies and Programs. 


 
WSWS activities incorporated steps one through three 
of the Corps’ six-step planning process (identify 
problems and opportunities, inventory and forecast 
conditions, and formulate alternative plans/strategies) 
(Figure 3). The strategic plans and recommendations 
developed and identified from application of these 
first three steps are intended to be flexible and will be 
updated in the future based on new information. If 
desired, future implementation of strategic plans could 
continue planning steps one through three followed by 
steps four through six (evaluate alternative plans, 
compare alternative plans, and select plans for 
potential implementation). 


Figure 3: Corps Six-Step Planning Process 


 Study Management & Technical 
Resources  


  
• Executive Oversight Team 
• Technical Advisory Team 
• Headquarters Support Team 
• Project Manager 
• Project Delivery Team (PDT) Leads 
• Corps PDT technical resources 


(Institute for Water Resources (IWR), 
and the Engineer Research and 
Development Center (ERDC)  


• Federal support team (experts from 
USGS, BOR, NRCS, NOAA and EPA) 
participated on PDT’s 


• Experts from the WSWC  and Corps 
tribal liaisons participated on PDT’s 


 
 
 
 
 
 
 
 
 
 
 
 
 


The WSWS was conducted over a two and one half-year timeframe (spring 2006-2008). 
WSWS leadership, as illustrated in Figure 4, was organized as follows: a Project Manager; 
an Executive Oversight Team consisting WSWC and Corps senior leaders; a Technical 
Advisory Team consisting of representatives from the Northwestern Division (NWD), 
South Pacific Division (SPD) and Southwestern Division (SWD); a Corps Headquarters 
Support Team; and Lead Planners/Project Delivery Team (PDT) leaders, one each from 
NWD, SPD and SWD. The Project Manager directed the overall study efforts, and the PDT 
leaders and members directed the activities under each of the five topics listed above. The 


Figure 4: Study Management and Technical Resources 
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Headquarters Support Team, Executive Oversight Team, and Technical Advisory Team 
provided direction, advice, and support as needed.  
Technical resources from the Corps Institute for Water Resources and Engineer Research 
and Development Center played a critical role on each project delivery team. Additional 
technical expertise was provided by other federal partners including the U.S. Geological 
Survey (USGS), U.S. Bureau of Reclamation (BOR), National Oceanic Atmospheric 
Administration (NOAA), Natural Resources Conservation Service (NRCS), and U.S. 
Environmental Protection Agency (EPA). These partners constituted an informal federal 
support team, as well as the WGA, WSWC, tribal liaisons, and other stakeholders, and 
local organizations. 


Part I. Study Development 


A. Developing the Study Approach  
The purpose of this study, as directed by legislation, was to complete “comprehensive 
analyses that examine multi-jurisdictional use and management of water resources on a 
watershed or regional scale.” This broad study authorization provided a flexible framework 
in which the Corps could explore a variety of study approaches. However, recognizing the 
value of building upon existing information and plans, and working with and/or facilitating 
the coordination between established organizations and groups, the Corps focused their 
approach to align with that of the WSWC, as defined in the June 2006 Water Needs and 
Strategies for a Sustainable Future Report.  Studies show the importance of a grass roots 
approach in successful watershed initiatives4 and the important pivotal role of the states for 
water resources planning and project implementation (Figure 5).  


MT
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OK Ark.-White-Red


Local Plans Regional and 
Tribal Information 


/ Plans


State Plans


 


States provide the pivotal role in 
the grassroots approach to water 
resources planning. 


Regional, such as coastal and 
watershed, issues are candidates 
for initiatives that promote the 
shared development of solutions. 


Figure 5: Illustration of Pivotal Role of States / Water Region and State 
Boundary Interactions and in the West


 
 
 


                                                      
4 See State Watershed Strategy Guidebook, WSWC, September 1998 
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As Western States continue to carry out their traditional role with regard to water allocation 
and management, the challenges are increasing.  With changing and increasing demands on 
limited water resources, aging infrastructure, climate change and increasingly complex 
overlay of federal laws and regulations, the importance of cooperative efforts and 
exchanges by and among states and the federal government has likewise been magnified.  
 
The Corps recognized the tremendous opportunity to assist local watershed planning and 
management efforts by supporting the WSWC in their role of fostering collaboration and 
the exchange of views, perspectives, and experiences among member states. Furthermore, 
the Corps recognized the critical importance of greater and more unified support from the 
federal agencies in meeting water resource challenges. To this end, the Corps agreed on a 
study approach where the Corps would coordinate among federal agencies and the Western 
States to develop a unified approach that supported selected priority tasks in the 
WGA/WSWSC June 2006 report. 
 
Three important components of this approach included establishing the WSWC as a 
coordinating forum, the development of an informal Western States Federal Agency 
Support Team (WestFAST) and the implementation of specialized Project Delivery Teams 
(Figure 6). 
 


 
Each agency 
identifies Project 
Delivery Team 
members to study 
and address 
needs 


 WestFAST identifies 
appropriate Federal 
agencies to help 
address needs 


Solicit assistance 
and resources from 
WestFAST 


 States/Locals 
Identify Needs  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 6: Concept graphic, Western States Federal Agency Support Team 
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The Corps and WSWC coordinated the development of each scope of work for the selected 
priority tasks prior to implementation. This occurred by e-mail, phone conferences, the 
regularly scheduled WSWC meetings, and other venues. The leadership structure of the 
WSWC provided an effective means to coordinate and encourage the involvement of their 
17 active member states to provide feedback and guidance on proposed study activities. 
The WSWC also provided the coordinating forum for the informal WestFAST by 
introducing and supporting the concept at their regular meetings and helping to organize 
break-out groups that included federal representatives.  
 
The WSWC, Corps, and members of the informal WestFAST agreed that WSWS activities 
and results should be meaningful and generate positive action and benefits in the field of 
water resources beyond the designated period of the Study. Determining how to do this was 
a foremost question for all involved throughout the two-year study. This focus required 
creative individual and collaborative thinking, resulting in the strategic and collaborative 
action plans referenced in Section II.  


B. Identifying Study Partners, Roles, Responsibilities & Resources  
As noted in the Study Overview and Major Findings section, specialized PDT’s composed 
of members of the WSWC, Corps, and others were organized to address study objectives. 
The specialized PDTs are known collectively as the PDT. Early in the study, the PDT 
investigated the value of a partnership agreement to formally unite PDT members, their 
roles and responsibilities, and formalize the Western States Federal Agency Support Team 
(WestFAST) for post-study collaboration. However, after much discussion, members of the 
PDT determined that a Partnership Agreement limited to the WSWC and Corps would be 
adequate for the WSWS. In the interim, a Shared Vision Partnership Agreement between 
the WSWC and Corps was executed on 17 October 2006 by Mr. Duane Smith, Chairman of 
the WSWC and by Major General Riley, Director of Civil Works. This Agreement helped 
focus the efforts of the PDT and identify roles and responsibilities. 
 
Table 1: Federal and State Involvement per task on the WSWS  
 
Summary of Strategic  
Planning Activities 


 
WGA and  
WSWC 


 
1 


 
2 


 
3 


 
NWD 


 
SPD 


 
SWD 


 
IWR 


 
ERDC 


 
4 


 
5 


 
6 


 
7 


 
8 


Water Data Gathering               
Drought, Natural Hazards, 
and Climate Change 


              


Watershed Tools and 
Collaborative Planning 


              
 


Federal Resources and 
Collaboration Initiatives 


             
 


 


Programs and Policies               
Fed. Infrastructure Needs               
Tribal Liaison Collaboration               
 
 


  Denotes Overarching Facilitator Role   Denotes Lead Planner Role 
  Denotes Technical Lead or Co-Technical Lead Role Informal  Western States Federal Agency 


Support Team (WestFAST)   Denotes Collaborative Participation  
1- Interstate Council on Water Policy member     2. EPA     3. BOR     4. USGS   
5. NRCS     6. NOAA      7. HQUSACE     8. Bear River Commission 
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As shown in Table 1, each study partner provided a unique expertise needed to adequately 
address the selected tasks in the June 2006 Report. For example, as a leader among federal 
agencies in water data collection and management the USGS agreed to lead the Basic 
Water Data Collection task. USGS was  supported by the WSWC, BOR, NRCS, NOAA, 
and the Corps.  Some of the PDT members are also members of the Interstate Council on 
Water Policy. 
 
To address the broad topic of Drought, Climate Change, and Natural Hazards, the PDT 
recognized the importance of working in support of existing efforts by others. This 
included the NOAA-led National Integrated Drought Information System (NIDIS), and the 
Federal Emergency Management Administration (FEMA) / Corps Silver Jackets Program. 
In addition, the State of California led efforts on a pilot climate change concept study 
initiative associated with the theoretical modification of the Corps of Engineers rule curves 
for reservoir operations.  
 
In contrast, the PDT identified the BOR, Corps, and EPA as the primary partners to address 
the federal infrastructure needs task. Similarly, the Watershed Tools and Collaborative 
Planning task was supported primarily by the Corps Institute for Water Resources and the 
Engineer Research and Development Center because of the focus on Corps-developed 
tools. Furthermore, the specialized PDT members from other organizations provided 
critical review and comments that guided study recommendations.  
 
Finally, the Federal Resources and Programs and Policies tasks were led by the Corps with 
support, input, and review from the full PDT. These tasks required the integrated 
reflections and lessons learned from the previous tasks to develop meaningful study 
recommendations. Furthermore, existing information was leveraged from existing 
programs and activities of various federal and non-federal agencies.  
 
Most of the programs and activities by agencies and organizations such as BOR, EPA, and 
the Bear River Commission were underway or completed prior to the release of the June 
2006 Report. The information from those ongoing or completed efforts helped accomplish 
some of the June 2006 Report recommendations. Examples of existing information 
resources associated with various programs and ongoing activities that contributed to the 
completion of tasks are summarized in Table 2.  
 
PDT collaboration leveraged significant technical and monetary resources beyond those 
provided by the WSWS appropriation. Table 3 (Part III.F) shows an estimate of the 
monetary value of these resources that supplemented study funds. The resources required to 
address national water resources problems and issues are high, but are made more 
manageable and effective through collaboration. 
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Table 2: Example of resources leveraged from existing programs 


 
Organization(s) 


Collaborative 
Assessment of Basic 
Water Data Collection 


Tasks 2A(1-2) 


Drought, Climate 
Change, and Natural 


Hazards 
Tasks 2C(2-3) and 


5B(4) 


Watershed Tools and 
Collaborative Planning 


Task 2D(3) 


Federal Infrastructure 
Needs Task 3F-I(1) 


Idaho, Wyoming, 
Utah   The Bear River 


Commission Activities  


Greeley and Fort 
Collins, Colorado   


Halligan-Seaman 
Water Management 


Project Activities 
 


State of California 
and Yuba Co., CA  


State and County 
Climate Change 


Programs 
  


USGS 


Cooperative Water 
Program (CWP) and 
National Streamflow 
Information Program 


NSIP 


CWP and NSIP CWP and NSIP  


NOAA  
National Integrated 
Drought Information 


System Program 
  


Reclamation 
Technical expertise 


associated with 
evapotranspiration 


Science and 
Technology R&D 
Program (climate 


change) 


 
Aging Infrastructure 


Strategy Development 
underway 


NRCS 
Snow Survey and 


Water Supply 
Forecasting Program 


Snow Survey and 
Water Supply 


Forecasting Program 
  


EPA   
Targeted Watersheds 
Grant Program (Bear 


River Watershed) 


Sustainable Water 
Infrastructure Initiative 


FEMA  
(Associated with the 
Corps’ Silver Jackets 


Program) 
  


Corps Western States 
Watershed Study 


Western States 
Watershed Study, 


Silver Jackets 
Program, Virgin River 


Watershed Study5
 


Western States 
Watershed Study, 
IWR Shared Vision 
Planning Program, 


ERDC System Wide 
Water Resources 


Program 


Western States 
Watershed Study 


 


C. Stakeholder Expectations 
 
The Shared Vision Partnership Agreement (Appendix A) defined the following framework 
partnership goals and expectations of the Study: 


• to work together to encourage and facilitate the creation of an informal Western 
States Federal Support Team; 


• to learn and develop effective ways to work collaboratively as federal and state 
organizations in support of local efforts to solve problems and maximize 
opportunities related to water resources; 


• to develop a mutual understanding of Western States’ water problems, 
opportunities, and values to focus on the development of mutually agreeable cost- 
effective solutions and approaches; 


                                                      
5 Like the Western States Watershed Study, the Virgin River Watershed Study was one of five 
national studies conducted under the FY06 Energy and Water Development Appropriations Act. 
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• to work together to collaboratively develop Watershed Study activities that support 
selected priority recommendations identified in the Water Needs and Strategies for 
a Sustainable Future report; and 


• to work together to prepare a report in close coordination with state and local 
governments and other stakeholders. 


 
This framework established the mutually agreed upon expectations of the collaborative 
efforts to be engaged by the multiple stakeholders. It established the intent to cooperate on 
a comprehensive analysis examining multi-jurisdictional use and management of water 
resources on a watershed or regional scale. The signatories agreed that solutions to the 
complex water resources problems, issues, and opportunities facing the Western States 
require the collaboration of local, state, tribal, federal, and other stakeholders through 
fostering a spirit of teamwork. Although the Corps and WSWC and the affiliated 17 
Western States were the signatories, the expectations set forth in the Partnership Agreement 
provided the foundation to accomplish each study task and to manage the expectations of  
each study partner (Figure 7). A landmark achievement was accomplished for the Corps 
and WSWC.  
 


 
          
 
 
 
 
 


  


Figure 7 Shared Vision Partnership Agreement 


 
To maintain communication and manage stakeholder and Corps project management 
expectations early in the study, the WSWS Project Manager developed and distributed 
regular study update reports. These reports helped to keep PDT members and federal, state 
and other interested stakeholders informed on early milestone study accomplishments, 
workshops, and reports (Figure 8). As the study progressed, the Project Manager provided 
regular study updates/presentations at the WSWC meetings to maintain open and positive 
communication between the Corps and members of the WSWC. The Corps team members 
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used GROOVE, a collaborative software program that helps teams work together 
dynamically and effectively, sharing information useful to multiple specialized PDTs, even 
if team members work at different locations within the USACE. 
 


Western States Watershed Study (WSWS) Executive Summary Status Report 
 


Recent Significant Events/Activities (19 July – 31 August 2006) / Short-Term Action Plan 
Event Activities 


19-21 July 2006 Western States 
Water Council (WSWC)151st 
Council Meeting at Breckenridge, 
Colorado 


Ideas for the WSWS were presented and discussed.  WSWS activities will focus on topics associated with high priority recommendations identified in the Water Needs and Strategies 
for a Sustainable Future report, released by the Western Governor’s Association (WGA) and WSWC in June 2006.  The study will culminate in a Report to Congress.  A WGA/WSWC 
Team was formed and determined a multi-federal agency support team is needed along with a Partnership Agreement to encourage a collaborative process.  It was decided that an 
appropriate role for USACE is to facilitate the initial formation of a “Western States Federal Support Team” and work with the WGA/WSWC Team and others to develop a Shared 
Vision Partnership Agreement (SVPA).  The WGA/WSWC leadership expressed their desire that the SVPA be signed by the ASA(CW) and, to the extent possible, other federal 
agencies at their 152nd Council Meeting, 4-6 October 2006, at Sheridan, Wyoming.  It was also decided that a final draft scope of work for implementing recommendations in the June 
2006 WGA/WSWC report, that will include support WSWS activities by the Corps, will be considered for approval at the 152nd Council Meeting. 


15 August 2006 Brainstorming 
Meeting at Salt Lake City 


Meeting hosted and chaired by WSWC.  Participants included representatives from WGA, WSWC, USACE, USGS, and NOAA.  Work continues on the WSWS scope of work and 
SVPA.  A follow-up meeting to finalize the draft scope is scheduled for 12 September at Albuquerque, NM 


Short-Term Action Plan for the SVPA:  Coordination of the working draft SVPA has been initiated with Chuck Moeslein (CECW-NWD) and Dave Shepp.  Following initial review, it was decided that an incremental 
process to partnering would be the best approach.  It is anticipated that SVPA signatories will be MG Riley; Duane Smith, Chairman of the WSWC; and a WGA representative TBD.  This incremental approach was discussed 
during a 30 August conference call with the WSWC.  The initial response from the WSWC Executive Director was positive; however, the incremental approach will still need to be considered by Duane Smith and WGA.  A 
modified draft SVPA will be discussed and recommended at the 12 September follow-up meeting with the WGA and WSWC.       
 
Significant Upcoming Events/Activities 


Event Notes 
4-6 October 2006 WSWC 152nd Council Meeting WSWS scope of work approved and initial execution of the SVPA 
Spring 2007 WSWC 153rd Council Meeting Will provide opportunities for further multi-agency collaboration and relationship building 
Summer 2007 WSWC 154th Council Meeting Will provide opportunities for further multi-agency collaboration and relationship building 
Fall 2007 WSWC 155th Council Meeting Will provide opportunities for further multi-agency collaboration and relationship building 
Spring 2008 WSWC 156th Council Meeting and submission of Report to 
Congress 


Report co-authored by WGA/WSWC and the Western States Federal Support Team 


 
Cumulative Expenditures ($1,000’s) 
 Oct Nov Dec Jan Feb Mar Apr May Jun Jul 24 Aug Sep 
FY06           59.1  
FY07             
FY08             
Totals (as of 24 August 2006)           59.1  
  % Funds Expended = 7%  


Figure 8: Example Study Status Report 


Part II. Summary of Study Products & Brief Descriptions 
As introduced above, the WSWS focused efforts on five regional water resource topics: 
Drought, Natural Hazards, and Climate Change Preparedness; Watershed Tools and 
Collaborative Planning; Federal Resources and Collaboration; Infrastructure Needs; and 
Policies and Programs. Summarized in Part II are the activities, findings, results and 
“foundation” recommendations for each topic. The recommendations do not represent the 
positions of any Federal agency.  Findings and Recommendations are consolidated in 
Appendix B.  More detailed information is available in the technical appendices C through 
K. 


A. Water Data Gathering 
The June 2006 Report states that there is a need for more 
complete and comprehensive water information to facilitate 
decision making.  The WSWS supported an assessment of 
the existing status of water data gaps in the Western United 
States. The U.S. Geological Survey was the lead author with 
complementary funding provided through the WSWS. The 
assessment team included the USGS for groundwater and 
stream flow data, the NOAA’s National Weather Service for 
precipitation data, the NRCS for snow information and the 
SNOTEL (Snow Telemetry) network, and the BOR for 
evapotranspiration data, including the present status of the 
Landsat thermal band technology.   


In addition to the five Federal agencies, the team included the WSWC, members from the 
Interstate Council on Water Policy, and state representatives.  The Corps of Engineers 
coordinated the activities and facilitated discussions between state representatives and 


 18







Federal agencies.  As part of the water data analysis, the team sent a questionnaire to 17 
Western States and Alaska asking how the states viewed water data needs and the role of 
the Federal and state governments.  Thirteen states responded and the results of the survey 
were compiled.   


Recommendations/Next Steps 
The water data technical report (Appendix C) provides specific recommendations on how 
water data collection can be improved.   The Water Data Gathering PDT submits the 
following framework recommendations for consideration.  As previously stated, the 
recommendations do not represent the positions of any Federal agency. 
 


1. Western States representatives have voiced a need to fully fund the USGS’s 
National Streamflow Information Program (NSIP) to establish or reestablish the 
additional 881 streamgages needed to meet information needs in the Western States. 


2. Western States representatives have identified a need for a funding increase for the 
USGS Cooperative Water Program (CWP) to sustain the operation of long-term 
streamgages and better balance funding support for streamgaging back to the 50:50 
Federal:State funding split that has been the foundation for this Federal partnership 
for nearly a century. 


3. Develop an internet-based data portal to collect and make available the large 
amount of hydrologic information collected by public and private entities;   


4. Contain cost increases for the operation of Federal and State stream gauging 
networks through continued improvements in instrument technology, data analysis 
techniques, and data delivery procedures; and  


5. Complete a comprehensive gap analysis and network evaluation for groundwater 
and evapotranspiration.  Information is needed for snow, precipitation and 
evapotranspiration data in addition to groundwater and stream flow.   


 
These recommendations provide the foundation for a strategic plan for water data 
collection in the Western United States.  


B.  Drought, Natural Hazards, and Climate Change 
Drought 
The drought component of the WSWS had two objectives.  The first objective was to 
identify and evaluate the Corps’ capacity to respond to drought conditions.  The Corps has 


a significant, but subsidiary, role as part of the 
overall national response to drought and drought 
management. The report reviewed existing Corps 
authorities.  These authorities position the Corps to 
specialize in planning, coordinating and operating 
water management systems and emergency 
assistance. Their main role is primarily in the 
development of long- range water supplies, working 
with communities to develop drought contingency 
plans, and implementing reservoir drought 
contingency plans. 


29


Research PredictionMonitoring


Impact
Mitigation


Proactive
Planning


Improved
Responses 


Customer defined measures of drought 


Better informed decision making at state, local and individual levels


Integrating Tools


NIDIS Framework 
for Enhanced Decision Support
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The second objective of the drought component was to advance federal agency 
participation in the National Integrated Drought Information System (NIDIS).  NIDIS is an 
interagency effort led by NOAA.  The NIDIS implementation team included 
representatives of the Corps, BOR, NRCS, and USGS along with the National Aeronautics 
and Space Administration (NASA), U.S. Department of Agriculture, and state and 
university scientists.   


Recommendations /Next Steps 
The Drought PDT submits the following for framework recommendations for 
consideration: 


1. The Corps should support NIDIS by providing drought information, monitoring and 
assessing drought impacts, and supporting drought planning and preparedness;   


2. The Corps should supply drought information by making reservoir levels available 
on web sites linked to the NIDIS web portal;  


3. The Corps should monitor and assess drought impacts in sectors where it has 
expertise, such as navigation, hydropower, recreation, and aquatic ecosystems;  


4. The Corps and other Federal agencies should be more proactive in drought planning 
and preparedness by working with states and local authorities within an integrated 
watershed planning framework; and 


5. The Corps should also actively participate in NIDIS pilot studies. 
 


Additional recommendations are documented in the technical report at Appendix D. 
 
Natural Hazards 
The Silver Jackets Program, which includes the Corps, the 
Federal Emergency Management Agency (FEMA), and other 
federal agencies involves an interagency team at the state 
level to develop and implement solutions to state natural 
hazard priorities. The Silver Jackets Program provides a 
formal and consistent strategy for an interagency approach to 
planning and implementing measures to reduce the risks 
associated with natural hazards. The program’s primary goals are to leverage information 
and resources, improve public risk communication through a united effort, and create a 
mechanism to collaboratively solve issues and implement initiatives.  A Silver Jackets pilot 
program was initiated in California in 2008. 
 
Climate Change 
The June 2006 Report listed climate change as one of the challenges facing the Western 
States.  The report noted that warming temperatures threaten to reduce the snow pack that 
provides a significant portion of water storage in the West.  The objective of the WSWS 
pilot study on climate change was to “systematically and strategically examine the extent of 
changes in Corps flood control rule curves that would be needed to mitigate the loss of 
snow pack storage throughout the West.”  The pilot study, built on significant climate 
change impact studies, was conducted by the State of California Department of Water 
Resources and the Bureau of Reclamation.  The National Weather Service California 
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Nevada River Forecast Center provided their computer models and support.  Many 
California water managers from Federal, State, and local agencies and private companies 
participated in two workshops in spring 2007.   
 
Three reservoirs in California were used for the pilot study:   Shasta Reservoir is operated 
by the Bureau of Reclamation; Oroville Reservoir is operated by the State of California; 
and New Bullards Bar Reservoir is operated by the Yuba County Water Agency.  The 
Corps is responsible for operating the flood storage space in these three reservoirs.  
Warmer temperatures in the West are causing observable changes in the hydrologic cycle 
such as earlier spring snow melt and an increasing fraction of annual runoff occurring in 
winter with a corresponding decreasing fraction occurring in late spring and summer.  
Consequently, with more rain and less snow in winter, more flood storage space may be 
needed in winter.  The earlier snow melt may require beginning the spring refill earlier to 
ensure a full reservoir for summer water supply.  The pilot study did not resolve whether a 
modification of flood rule curves for operating reservoirs is appropriate.  Details of the 
study are documented in the technical report at Appendix E. 


Recommendations /Next Steps 
The Climate Change PDT recommends the following for consideration: 


1. Build flexibility into existing operations for adapting to a changing climate.   
2. Systematically update reservoir operating and drought contingency plans including 


a review for how adequately operations can be adapted to a changing climate. 
3. Monitor snow and water conditions, and support more research opportunities which 


may lead to improved forecasts as applied to efficiency in reservoir operations. 
 


C.  Watershed Tools and Collaborative Planning 
The importance of collaborative water resource planning is recognized by the WSWC and 
other organizations such as the American Water Resources Association (AWRA).   
Participants of the Third National Water Resources Policy Dialogue, conducted by the 
AWRA, believe that organizing our water resources goals, policies, and rules around the 
concept of “places” (i.e. basins or watersheds) is a common-sense way of improving 
collaboration.  Watershed tools, instruments that assist in the management of a watershed, 
are an essential integral component of collaborative planning.   
 
Many effective watershed management and collaborative planning tools are being used in 
the West.  This activity focused on Geographic Information Systems (GIS)- specifically the 
System Wide Water Resources Program (SWWRP)6 ArcGIS Toolbar and CorpsGlobe,  
and other model innovations associated with Shared Vision Planning (SVP). These new 
innovative tools augment existing tools. Study activities provided the opportunity to 
demonstrate these tools to federal, state, and local governments, investigated technology 
transfer options, and identified ways to improve federal, state, and local collaboration of 
water resource management.  These activities included two pilot projects in the West, the 
Bear River Watershed in Idaho, Wyoming and Utah and the proposed enlargement of the 
Halligan and Seaman reservoirs in Colorado.  Other activities included developing a 
                                                      
6 The SWWRP is administered by the Corps’ Engineer Research and Development Center 
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Section 404 Permit Information Pamphlet and Pilot Flowchart, and exploring technology 
and information transfer through participation at several conferences/meetings. From these 
activities, the study team developed a Strategic Plan for the information transfer of the 
SWWRP GIS Toolbar technology to others, and the application of the SVP process and 
model to the Corps Section 404 regulatory process. Activities associated with the Bear 
River watershed are documented in the  Application of the Shared Vision Planning and GIS 
Tool Bar to the Bear River Watershed, A Case Study report (Appendix F).  Additional 
information on activities associated with the Halligan-Seaman project, application of SVP 
to the Corps’ regulatory process, and a pilot short summary and flowchart is available at 
www.SharedVisionPlanning.us and Appendix G. 


Recommendations /Next Steps 
Although this plan focused on two tools, many additional Corps’ tools and resources are 
available to the states and their partners.  States and partners such as river basin 
commissions have a wide variety of watershed tools in use or available to them.  As learned 
from the pilot studies, tools that enhance data communication are desirable, but need to be 
compatible with existing and planned capabilities.  Tools for data provisioning, such as the 
toolbar and CorpsGlobe, can be tailored to locally used tools and can add capability for 
intrastate and interstate communications.  Likewise, communication tools such as SVP can 
also facilitate increased communication.  A key to successful implementation is to spend 
more time identifying and understanding tools already in place, identifying gaps, and 
working with local interests to fill the gaps.   
 
The Corps and other agencies, as well as academic institutions and non-government 
organizations have a wide variety of tools that can be utilized in watershed studies and 
planning activities.  These tools include planning tools, data management tools, assessment 
tools, simulation and forecasting models, and visualization technologies.  All of these tools 
allow for opportunities to collaborate among interested parties.  While collaboration is 
often thought of in terms of alternative analysis or conflict resolution, working together to 
build assessment tools (e.g., GIS databases), simulation models (such as numerical runoff 
models), or visualizing model output (e.g., animations or maps) are all examples of 
collaboration.   
 
The Corps maintains a suite of tools that can be used in watershed studies.  The Hydrologic 
Engineering Center (HEC) tools are utilized nationally for water control and riverine 
habitat assessments associated with operations.  The Engineer Research and Development 
Center (ERDC) focuses on multi-dimensional tools that work with HEC tools or 
independently to address not only water quantity but water quality and habitat in multiple 
dimensions.  A variety of GIS-based tools exist as well for spatial assessments using 
empirical, qualitative, and quantitative inputs.  These tools provide approaches at various 
levels of difficulty for screening and planning applications to rigorous and complex 
forecasting and design applications.  The tools are available for use and should be 
considered at any stage of a watershed study.  More information on these tools can be 
found at http://www.hec.usace.army.mil/ and https://swwrp.usace.army.mil. 
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Efforts are underway to investigate potential WestFAST and WSWC venues that would 
provide for coordinated near and long-term research and development-oriented technical 
support to help states address immediate and anticipated water resource priorities such as 
aging infrastructure, drought, natural hazards, climate change, coastal issues, and in some 
cases water data information sharing. 


D.  Federal Resources and Collaboration Initiatives 
To maximize the effectiveness of expertise, technology, policy, programs and limited 
budgets, leveraging of federal and non-federal resources to address water resource issues in 
the West is essential.  This activity focused on providing information regarding federal and 
state collaboration in support of locally led watershed initiatives, including identification of 
governance, policy and institutional issues and their resolution relevant to collaboration.  
This information was then used to develop recommendations to improve federal, state, and 
local collaboration (Appendix H). 
 
To accomplish these objectives, the PDT identified and completed four tasks: 1) draft and 
implement a Shared Vision Partnership Agreement between the Western States and Corps; 
2) Assess a sample of  collaborative watershed programs and strategies to identify 
information useful to future federal-state collaboration in support of locally led watershed 
efforts in the West; 3) investigate the interest of, and utility for, a formalized WestFAST 
and federal liaison position7; and 4) if applicable, develop a collaborative action plan to 
support the formation and goals of WestFAST in support of the Western States strategies. 
 
The Assessment of Collaborative Watershed Programs and Strategies revealed information 
on a range of topics that may be useful for future federal-state collaboration in supporting 
locally led watershed efforts, depending upon specific circumstances.  Eight initiatives of 
different scopes and scales from around the country were examined.  Additional 
information was derived from literature and personal communication.  The analysis 
identifies elements of collaboration in watershed planning, including topics such as: 
definition of collaboration, leadership and authority, visions of watershed problems and 
opportunities, and goals and objectives, roles, responsibilities and accountability, 
organization and structure, processes and funding. 
 
Summary of Effort and Findings 
The task activities described above indicated the following findings. Detailed information 
about each of the eight watershed initiatives examined can be found in the report appendix. 
 


• Leadership should not be viewed as the sole planning, decision-making, or 
implementing body, but often serves  as a contact and conduit for organizing the 
interactions and collaboration with multiple groups, stakeholders, and players. 


• Lead agencies should not be viewed as the sole planning, decision-making, or 
implementing bodies. Depending on the circumstances, they may serve as contacts 
and conduits for organizing the interactions, and coordinating the implementation of 


                                                      
7 Efforts are underway to execute a Western States Federal Agency Support Team Declaration of 
Cooperation.  Ms. Jonne Hower, Bureau of Reclamation, was selected as the WSWC Federal 
Liaison Officer in August 2008. 
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interrelated plan components across multiple groups, stakeholders, and players. 
They may also provide mechanisms for reconciling technical and policy issues. 


• Shared visions help partners recognize their interdependence and provide 
foundations from which to move forward to address watershed needs and 
opportunities.  Shared science and technical analysis can provide a common 
baseline for productive debate among parties with interest-based differences.  
Collaboratively acquiring and examining new data and information can help 
stakeholders dissolve misconceptions, and enable them to work through differences. 


• Identifying and mutually understanding partner roles, responsibilities and bounds 
helps in coordinating and leveraging of expertise and capabilities in watershed 
planning and project implementation. Mutually understanding these roles, 
responsibilities and bounds can also help alleviate misconceptions and 
misunderstandings that hinder the development of viable solutions. 


• Roles and responsibilities are often influenced by legal or jurisdictional mandates/ 
responsibilities, human expertise, and financial resources and responsibilities. 


• There is no single “door to the Federal government” or “door to the States” through 
which locally led watershed initiatives can tap this assistance. As a result, local 
initiatives expend considerable energy accessing assistance. 


• Watershed groups provide and channel “grassroots” support from the public for 
watershed initiatives. They can “explain” the process from the public’s perspective, 
and provide a mechanism to organize and incorporate volunteer efforts. Federal 
efforts should not under-appreciate them. 


• Dividing the watershed effort into smaller, more manageable regions or focus areas 
can make the work more manageable. However strategies are needed to re-integrate 
these smaller components back to the watershed scale.  Responsibilities vary across 
watershed plans. 


• Funding and financing:  Different entities can fund different components of a 
watershed plan, and creative use of multiple sources may be possible. Some of these 
could include: public funds, donations, endowments, grants, investments, and 
mitigation fees. 


 
The report from this analysis can serve as “resource information” for establishment of the 
WestFAST, along with shaping specific federal-state collaborations in supporting locally 
led watershed initiatives.   


Recommendations /Next Steps 
The Federal Resources and Collaboration PDT recommend the following for consideration: 
1.  Once established, the WestFAST working with the Federal Liaison Officer and WSWC, 


should review and update, if necessary, the WestFAST Declaration of Cooperation to  
support the WSWC current and future priorities. 


2.   This study found there is a lack of clear budgetary authority for many federal agencies 
to participate in inter-agency tasks. An early WestFAST task should address how 
funding can be leveraged for each agency to support WestFAST initiatives. 
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E. Policies and Programs 
The overarching principle of the WSWC and likewise the WSWS is that states maintain a 
pivotal role in the grassroots approach to water resources planning and project 
implementation.  Typically, state water plans must address problems and opportunities at 
various planning regions, coastal and watershed scales inside and, as necessary, outside 
state political boundaries.  Regional alliances of state governments provide strategic 
priorities for water resources management and policy development.  An important role of 
federal agencies is to provide appropriate collaborative support for this approach to water 
resources planning and project implementation.  
 
    


State Water 
Planning Activities 


Local 
Plans 


National, Regional 
and Tribal 
Information/Plans 


 
 
The objectives of the WSWS of Program and Policy initiatives were to mirror the WSWC 
approach of promoting the shared development of solutions to regional problems, identify 
ways to leverage existing programs (internal and external to the Corps), and present ideas 
to leverage future programs to address high priority regional initiatives of the Western 
States.8  The complete report is located at Appendix I. 
 
Examples of high priority issues important to the Western States include topics associated 
with water data collection, drought, natural hazards, climate change, watershed tools and 
collaborative planning, and asset management.  These regional issues, and others, are 
important in the development of state water plans that typically include the following 
interacting framework components: 1) demand projections, 2) supply and gap analysis, 3) 
identification and evaluation of supply alternatives and, 4) state policy development.  
Collectively, information from state water planning efforts could potentially contribute 
significantly to a national assessment of water resource needs.9 Since state water plans are 
periodically updated, the national assessment could also be periodically updated in the 
future.  The initial national assessment and updates could potentially be used to help 
develop national water policy that is adaptive and responsive to changing needs.  If desired 
by states, federal programs that address regional issues and provide planning assistance to 
states could contribute to this collaborative effort. 
 
The WSWC provides a venue for Western States and federal collaboration on regional 
issues and state water planning in the West.  The WSWS demonstrated that it is 
advantageous for federal agencies to leverage programs, policies, and authorities to provide 
more comprehensive support to the implementation of WSWC initiatives, instead of each 
                                                      
8 Many federal water resource programs also significantly contribute to local efforts.  The scope of 
the Western States Watershed Study, however, was to place more emphasis on developing 
strategies to work with states in a manner that would address regional issues and also benefit local 
efforts.   
9 Several organizations (i.e. American Water Resources Association) have expressed support for a 
national assessment of water resource needs which should begin at the state and local level and be 
backed by appropriate support from the federal government. 
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agency providing its resources to the Council independently.  A WSWC Federal Liaison 
Officer position has been created and the WestFAST formalized. These initiatives build on 
the goals of the October 17, 2006 Western States Watershed Study Shared Vision 
Partnership Agreement between the WSWC and the Corps.   


State a nd 
Federal 
Resource s


?


Information for
National Water Policy


(i.e. regiona l water supply, 
climate change, 


Asset Management, etc.)


?


The WestFAST could potentially leverage resources to help 
states accomplish their water resource planning activities 


which would contribute information for a regional assessment 
of needs.  Ideally, this initiative could serve as a large-scale 


demonstration for a national assessment of needs.


?


Concep t for the  “We stF AST.” Additional team 
members TBD


Information from state water planning efforts could also 
serve to help develop, and be integrated into, national 


policy/programs that best align federal agency support to 
states and considers regional watershed issues.


 


Recommendations/Next Steps 
The Programs and Policies PDT recommends the following for consideration which, if 
accepted, are intended to provide a basic foundation framework strategy to be prioritized 
and refined by decision makers for both short- and long-term implementation.  
 


1. It may be beneficial to consider the WestFAST and WSWC collaborative 
implementation of selected priority recommendations from the WGA/WSWC June 
2008 report and, as needed, the identification of associated strategies for 
coordinated research and development (R&D) of water resource tools.  For 
example, collaborative R&D that includes priority considerations associated with 
asset management and climate change may be desirable. 


2. In addition to working with the WSWC on regional challenges, leveraged resources 
of the WestFAST should be used, as requested, to help states accomplish their water 
resource planning activities.  The effort could be conducted in a manner that leads 
to a regional assessment of needs and provides a large-scale demonstration for a 
national assessment of water resource needs.10 


3. Information from state water planning efforts should be used by decision makers to 
help determine national policy and priorities that best align federal agency support 
to states and take into consideration regional watershed, coastal, and other issues.  
In the future, national assessments and policy could be updated using information 
from the periodic updates of state water plans.   


4. It may be beneficial to consider a pilot demonstration of a forum that would begin 
to integrate non-federal stakeholders into discussions on national policy and 


                                                      
10 Concurrent with a large-scale demonstration of a process to help Western States accomplish 
their planning activities and conduct a regional assessment; federal agencies, eastern states, 
Tribes and other stakeholders should consider initiatives to help set the stage to continue the 
national assessment of water resource needs initiated in the West. 
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associated issues.  Many options could be considered such as annual meetings in 
Washington, DC that are held in cooperation with key organizations such as the 
WSWC. 


F.  Federal Infrastructure Needs 
Asset Management is the art of managing the life cycle cost of infrastructure assets with 
innovative and adaptive strategies to ensure those assets continue to provide value to the 
nation and meet expected levels of service while mitigating risk.  Because of the 
importance of sustaining federal infrastructure for the benefit of current and future 
generations, the WSWC is an advocate of ongoing and future collaborative Asset 
Management initiatives by federal agencies and others.     
 
The goal for the WSWS asset management component was to identify initiatives that could 
potentially leverage the on-going Asset Management activities of various organizations in a 
manner that would promote the shared development of solutions to regional and national 
challenges.  The study objective was to identify potential common areas of interest shared 
by BOR, the Corps, USEPA Office of Water, and the Western States.  BOR and the Corps 
have responsibilities for similar types of structures, such as reservoir dams, and the EPA is 
an advocate of advancing Asset Management technology and understanding because of the 
millions of dollars they have invested in water and wastewater infrastructure.  Western 
States have an interest in the long-term sustainability of federal reservoirs and how those 
resources contribute to their state water-planning initiatives.  States also consider Asset 
Management in their planning and policy processes.  The study report is located at 
Appendix J. 
 


BOR is implementing their Management for Excellence Team 
recommendation to adopt a quantifiable prioritization framework 
for operation and maintenance that is used BOR-wide in its 
Budget Review Committee process and is flexible enough to 
accommodate special situations.  Likewise, one of the four pillars 
of the Corps’ Actions for Change initiative is to effectively 
implement a comprehensive systems approach in employing risk-
based concepts for operations and major maintenance.  Based on 
the initial observation that the goals of BOR and the Corps are 
similar, there could be potential common areas of interest in the 
development of corporate models and processes to prioritize 


Asset Management needs.  It is anticipated that selected lessons learned through the BOR 
and Corps dam safety programs and other relevant agency activities11 could be applied to 
assist in the development of risk-based prioritization models and processes.   
 
As future Asset Management technology and policies develop, opportunities may be 
identified to extend the life of reservoirs.  In addition to prioritizing maintenance needs, it 
is envisioned that future long-term Asset Management decisions associated with some 
reservoirs will also utilize information from studies and assessments associated with the 
                                                      
11 An example is the Corps’ Facilities and Equipment Maintenance System (FEMS).  FEMS is a 
computerized maintenance management system. 
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following:  1) storage reallocation and/or system operation changes, 2) Regional Sediment 
Management12 and, 3) climate change. 


 
The USEPA Office of Water has indicated an interest in collaborating with 
BOR and the Corps on future Asset Management initiatives.  Through 
their Sustainable Water Infrastructure Initiative (SI), USEPA is working as 
an advocate and sharing information on best practices, tools, innovative 
technology, and research. USEPA’s SI program provides an opportunity 
for leveraging resources to advance Asset Management technology for 
federal, state, and local organizations.  Collectively, this information from 
multiple stakeholders could be used to help make collaborative Asset 


Management decisions in the future and contribute to the development and implementation 
of state water plans. 


Recommendation / Next Steps 
The Asset Management Study Team recommends the following for consideration: 


1. Consider pilot initiatives to advance Multi-Criteria Decision Analysis technology 
that integrates, as applicable, the following criteria into comprehensive Asset 
Management strategies:  1) reservoir system operation changes/storage reallocation 
scenarios, 2) Regional Sediment Management scenarios13, and 3) potential 
influences/risk of climate change such as those associated with altered reservoir 
filling/release scenarios.   


 
2. Consider  collaborative BOR and Corps initiatives to help develop Shared Vision 


Asset Management prioritization models and processes that could be refined and 
used by each agency independently.  This technology could be shared with states 
and other organizations. 


 
3. Consider collaborative initiatives to identify potential opportunities to leverage 


USEPA’s SI program to further advance Asset Management technology and 
information sharing for federal, state, and other organizations.  It is envisioned that 
this venue could also serve to help advance a national approach to Asset 
Management and help decision makers develop and clearly define federal policy 
regarding local infrastructure issues, including cost-share provisions, operation of 
state revolving loan funds and schedule pace for infrastructure construction and 
renovation. 


                                                      
12 The objective of the Regional Sediment Management (RSM) approach is to achieve more effective 
management of dredged material and other sediment resources through regional management strategies that 
link the management of Corps projects within a sediment system, with one another, and with activities of 
other Federal agencies, State, and local governments.  Additional information on RSM can be found at 
http://www.iwr.usace.army.mil/inside/products/proj/factproj.cfml?projid=96 
 
13 A potential RSM initiative could include an updated analysis of sediment volume and distribution in 
reservoirs followed by estimates of their remaining life relative to storage of water supply and other purposes.  
This information could be used to help identify alternative plans and contribute to a national assessment of 
water resource needs. 
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G. Collaboration with Native American Tribes  
“Our Nation has long recognized the sovereign status of Indian Tribes. The United States 
Constitution specifically addresses Indian sovereignty by classing Indian treaties among the 
“supreme Law of the land,” and establishes Indian affairs as a unique focus of Federal 
concern. Principles outlined in the Constitution and treaties, as well as those established by 
Federal laws, regulations and Executive Orders, vest in Tribes a singular legal position 
complimentary to the relationships among the various states and the Federal government.” 
 


A watershed approach requires collaboration between multiple 
governmental jurisdictions involving federal, state, and tribal 
agencies. The necessity of one-on-one collaboration with Tribes is 
clear regarding projects and programs associated with specific 
geographical areas; however, collaboration with Tribes on regional 
water resource topics and issues is equally valuable.  Western Tribes 


are critical to addressing water resource challenges because 
of their unique legal and resource rights, strategic locations, 
and their ability to offer alternative paradigmatic approaches 
to problem solving. 
 


Tribal Collaboration Study Objective 
The objective of the WSWS for potential 
collaboration with Native American Tribes was 


two-fold.  The first objective was to outline a communications/outreach plan that will 
familiarize Native American Tribes with WGA and WSWC initiatives and promote 
potential inter-governmental collaboration.  The second objective was to suggest strategies 
through which the WGA, WSWC, and Native American Tribes may leverage their 
individual initiatives into a more effective collaborative effort. 
 
Communication/Outreach  
“Listen or your tongue will keep you deaf” 
 
Tribal governments share with Federal agencies and States the challenges of data 
collection, management tools, drought, climate change, planning and asset management 
presented elsewhere in this report. Tribal lands are frequently located in geographic 
positions strategically valuable if not critical to the development of solutions to resource 
challenges.  These shared challenges and crucial positioning provide a nexus of common 
interest that may be exploited by all parties to their mutual benefit.  
 
Effective communication and decision-making parity are essential for collaboration with 
Native American Tribes. Successful communication with Tribes results from a carefully 
considered and executed communication and outreach plan.  Such a plan involves the 
tailoring of the type and detail of information with specific communication opportunities.  
A first step in any collaborative undertaking is the effective distribution of program-related 
information.  It’s impossible to interest potential partners in an effort if they are unaware of 
the program’s existence.  Native American Tribes, in particular, may be significantly 
uninformed about non-Indian initiatives.  Mass mailings of information are almost 
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completely useless in communicating with organizations that receive scores of such 
mailings daily and cultures wherein personal relationships and contacts are crucial.  The 
message is simply lost in the traffic.  On the other hand, individual contacts with Tribes are 
expensive and time-consuming and are more generally effective at later stages of 
partnering when a particular Tribe has expressed interest in a specific undertaking. 
 
Numerous professional, educational and governmental conferences sponsored by Native 
American organizations are commonly attended by representatives from dozens, if not 
hundreds, of Tribes.  As such, they are extremely efficient avenues to provide a target 
constituency with initial broad-based information. Perhaps the best single venue for 
familiarizing the greatest number of tribal executives with a program or initiative is 
participation in the annual meetings of the National Congress of American Indians (NCAI).  
More numerous events like conferences sponsored by the National Tribal Environmental 
Council (NTEC) or Regional Environmental Conferences sponsored by the Environmental 
Protection Agency and occasionally the Department of Defense provide opportunities for 
contacts with Tribal staffs and resource managers. 
 
Sub-regional organizations of tribal governments are equally suitable for initial contacts, 
but also for more detailed program information.  Tribes in the west commonly cooperate in 
quasi-governmental partnerships with other Tribes.  These organizations may be organized 
within a geographically larger state (i.e., Alaska Inter-Tribal Council or Council for Native 
Hawaiian Advancement) or more often within geographic or cultural regions.  In New 
Mexico, for example, organizations such as the All Indian Pueblos Council, Eight Northern 
Indian Pueblos Council and others provide unique opportunities to brief numerous senior 
tribal leaders on upcoming initiatives.  These ‘second tier’ tribal organizations provide the 
prospect of the personal contacts with the leaders of individual Tribes.  Development of 
these personal relationships is essential to further the goal of sustained tribal cooperation. 
 
Conferences and workshops specifically targeted to Native American Tribes would provide 
significant opportunities for Western States and Tribes to develop inter-governmental 
partnerships for regional water resource topics and issues. An initial step could be the 
organization of a conference session with the topic of “Traditional Wisdom in Water 
Resources Planning.”   The session would involve discussions by Tribal presenters on the 
issue.  Subsequent meetings in second tier venues or with individual Tribes could then use 
the presentations as a ‘springboard’ to more specific individualized discussions. 
 
A pilot activity to promote collaboration with multiple Tribes consisted of participating in 
the 30 April – 4 May 2007 National Tribal Environmental Council Conference in 
Albuquerque, New Mexico, and the 14-17 October 2008 NTEC Conference in Santa Fe, 
New Mexico. NTEC has tribal membership from 16 of the 17 Western States and serves as 
a clearinghouse for information on a variety of resource topics and challenges.  Following 
an assessment of the Team’s collaboration activities at the NTEC Conference, a summary 
report was prepared to identify venues where the WestFAST agencies could potentially 
collaborate with multiple Tribes to discuss regional water resource topics in the future.  
This summary is included in Part IV of this report. 
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Collaboration 
“... I have seen that in any great undertaking it is not enough for a man to depend simply 
upon himself.”14 


 
The goal of the communication and outreach effort discussed is to inform Tribes of 
potential collaborative opportunities. There exist several valuable advantages to 
collaboration: 


1. A group is more credible, influential, and capable in accomplishing objectives than 
a single entity 


2. Collaboration encourages a comprehensive approach, reduces duplication 
3. Collaboration ensures that all voices are heard: successful collaborations involve all 


relevant stakeholders  
4. Collaboration creates sustained change and will  have an impact beyond individual 


projects producing new collaborative opportunities. 
 
While there is no general theory of collaboration there are some generally recognized 
principles of effective collaboration, which are listed below.  Above all, collaboration is the 
result of a deliberate process relying on mutual respect and decision-making parity. 


Shared perceptions: Agreement on a set of common goals and principles. 
Reciprocity: Successful collaborations should provide direct benefit to participants. 
Belief in Collaboration:  Those involved must believe that more can be achieved by 
working together than working alone, and bring this perspective to the dialogue. 
Institutional Relationships Rather Than Individual Relationships: While effective 
collaboration is often a function of the personal relationships of individual 
participants, successful long-term results demand institutional commitments to the 
collaborative process. 
Transparency/Trust: Transparency and Trust are synergistic: Open and honest 
expression of aspirations and expectations ensure ongoing review and evaluation.  
Real transparency takes time, energy and a desire to build a sense of trust and 
respect.  Trust develops through time resulting from frank, open, and regular 
communication. While complete agreement on all issues is not required, 
consistency and honesty are. 
Established Collaborative Structure:  There should be a clearly defined leadership 
structure, a shared understanding of the leadership structure, and a mechanism to 
regularly communicate. 


 
In a process similar to the one which resulted in the formation of the WSWC itself, the 
development of partnerships with Tribes or consortiums of Tribes to address regional 
watershed challenges would be beneficial to all stakeholders.  The focus of these 
collaborative efforts could be limited to specific resource challenges (i.e., drought 
management) or more broadly address multiple water resource issues.   
 
Because of the unique Tribal/Federal government relationship, the proposed WestFAST 
could help fulfill Federal Native American Trust responsibilities while providing 
comprehensive support to the implementation of WSWC initiatives.  Such a Federal 
                                                      
 


 31







‘nexus’ could emphasize the role of WestFAST as ‘facilitator’ rather than ‘driver’ in the 
process of solution development. 
 
Recommendations/Next Steps 


1. Based on the potential benefits of widened collaboration with Native American 
Tribes the PDT recommends the development and implementation of a 
communication/outreach plan with intergovernmental collaboration with multiple 
Tribes on regional water resource challenges as its goal. 


 
2. Consider session or panel discussion at a future conference on “Traditional  


Knowledge in Water Resource Planning” 
 
Outreach will produce inquiries. It is suggested that organizations review their respective 
policies and organizational structures to identify the appropriate tools and processes needed 
to efficiently and effectively manage communication /outreach products (i.e., comments or 
other input on proposed initiatives or requests for collaboration).    
 
Organizations should promote an internal dialogue to establish its goals with respect to 
Tribal or other collaborative endeavors.  What should be the focus areas of collaborative 
effort within the broad principles of the organization’s Mission Statements?  
 


Part III. Evaluation of the Study  
The following information is an evaluation of the WSWS accomplishments, challenges, 
and lessons learned.  Also included are discussions on short and long term sustainability.  
The overall assessment of the WSWS indicates that there is value added when multiple 
federal agencies collaborate and leverage resources to support state planning efforts. 


A. Study Accomplishments  
• Study efforts showed improved federal collaborative support of state, tribal and 


local jurisdictions and their resource agencies in multi-jurisdictional integrated 
water resources management efforts as demonstrated by:  


 
1. Advocacy for a sustainable WestFAST and liaison position to work with the 


WSWC to support state efforts; 
 2.   Use and adoption of a shared vision philosophy to lead study efforts; 


3.   Multple federal agencies (BOR, USGS, EPA, NOAA, NRCS and USACE) 
working with state water managers to identify water data needs and gaps; 


4.    Corps, BOR, and NWS-RFC working with California and local water managers 
to evaluate reservoir flood storage rule curves under a changing climate; and, 


5.   Federal agency collaboration in the WSWS encouraged other Federal agencies, 
such as the U.S. Forest Service, to work closer with WSWC.  


 
• Study efforts resulted in improved understanding of the federal agency roles by the 


Western States Water Council and 17 Western States in water resources management 
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from state, tribal and local jurisdictions. Improved integration and multi-jurisdictional 
management of water resources were shown by:  


1. Agency roles were selected based on agency expertise.  For example, USGS 
evaluated surface water and groundwater needs and gaps, NRCS completed 
snow monitoring, NOAA-NWS completed precipitation, and BOR completed 
evapotranspiration; 


2. The study identified a need to better integrate water data collection and 
archiving among federal agencies, state, and local water data collection; 


3. The shared vision partnership agreement identified the roles of the Corps and 
States and developed a framework to work collaboratively to solve problems 
and maximize opportunities related to water resources; 


4. Conferences were held to encourage collaboration between the Corps, BOR, 
EPA, USGS, NOAA, NRCS, the National Tribal Environmental Council, the 
National Association of Counties, and the Council of State Governments; 


5. A Corps-BOR Senior Leaders Collaboration meeting was held; 
6. Two Planning Ahead Articles,15 dated December 2006, and September 2007 


were published; 
7. Recommendations were developed for future federal and state collaborative 


activities to address aging infrastructure challenges. 
 
• Study efforts resulted in greater participation of federal, state, and university technical 


specialists in non-federally directed water resources initiatives, such as comprehensive 
water planning. The increased participation of non-federal entities was shown by: 


1. Adoption and improvement of the GIS toolbar by Utah State University in 
collaboration with the Bear River pilot study; 


2. The states of Texas and Idaho expressing interest in utilizing the GIS toolbar in 
state water planning efforts; 


3. The WSWS responding to the needs identified in the June 06 report, which 
involved technical specialists from federal entities and states (the WSWS was 
non-federally developed). Needs were identified by the Western States; 


4. The Study philosophy matched that of a Corps Planning Assistance to States 
study;  


5. Personnel at the Engineer Research Development Center and the  Institute for 
Water Resources acted as technical team leaders in partnership with lead 
planners from Corps districts; and 


6. The basis and motivation of the study itself were a desire by the Corps to 
respond to and support the efforts of the WGA and the WSWC to implement the 
recommendations in the 2006 report. The multi-agency PDTs, consisting of 
federal, state and tribal representatives, were an important dimension of this 
effort 


 
• Study efforts established priorities for water resources planning and investment in 


coordination with states, tribal and local jurisdictions, and federal and non-federal water 
managers, as shown by: 


                                                      
15 Corps of Engineers, quarterly publication 
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1. Study topics, including water data, drought, climate change, tools, shared vision 
planning, and water infrastructure needs (asset management), will remain 
priority issues beyond the study.  (See recommendations in the WGA/WSWC 
June 2008 report) 


2. New investments needed for water data collection and for a water data portal; 
and, 


3. Recommendations for federal and non-federal collaborative initiatives to 
address future considerations of national policy updates. 


 
• Study efforts demonstrated collaboration within federal agencies and the WSWC to 


bring programs and resources together and provided integrated solutions as 
demonstrated by: 


1. Deployment of a GIS toolbar as a prototype approach for data sharing within an 
interstate watershed in collaboration with the Bear River Commission and Utah 
State University; 


2. Identification of water data needs and gaps, and need for a National water data 
portal and web sites for water data sources; 


3. Identification of a needed pilot study and more flexible reservoir rule curves to 
adapt to a changing climate; 


4. Contingency planning and federal water agency support for implementation of 
the National Integrated Drought Information System (NIDIS); 


5. Application of shared vision planning in addressing complex regulatory 
activities such as addressing managed flows between Halligan and Seaman 
Reservoirs in Colorado and; 


6. Leveraging of funding and resources from multiple agencies to deliver products 
as shown by the work of the specialized PDTs 


B.  Study Challenges 
The PDT faced multiple study challenges including the following: 


• Multiple tasks to study and multiple participants and PDTs; 
• Determination of how each task fit into the total perspective of the study; 
• WSWC tasks had to be limited to meet funding and time resources constraints of 


the study; 
• Although the PDT had opportunities for face-to-face interactions through the 


WSWC regular meetings, the uneven maturity of certain tasks made it difficult to 
get feedback when needed, if the timing did not correspond to a regularly scheduled 
meeting.  


• WSWC members do not always speak with one voice and had different views on 
the federal role;   


• States had different levels of capabilities and experience in water resources 
planning; 


• State and federal agencies initially had very divergent views on water data 
collection; 


• Substantial lag time in getting the PDTs underway was due to the time it took to 
meet with representatives from various organizations, determine how they could 
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contribute to accomplishing the tasks associated with the June 2006 report, and 
working with busy schedules; 


• Communication difficulties arising from virtual teams – conference call 
communication vs. in person;  


• PDT members each had their own lingo, depending on the agency, state, or group;  
• PDT members used different funding sources to participate; it was difficult having 


expectations for participation without a comprehensive understanding of the 
funding authority. 


C. Lessons Learned 
The PDT identified lessons learned, including: 


• State water resources agencies and their federal partner agencies can effectively 
work together as equal partners;  


• Partnering efforts need to show interim products and results;  
• The federal role is to collaboratively support regional, state, and local roles in state 


and interstate water planning activities; 
• Flexibility is needed in team communication. Depending on personalities and 


subject matter, some teams required face-to-face communication, while others 
could work virtually; 


• With limited funding,  leveraging resources from other agencies is key to successful 
completion of a watershed study. However, resource leveraging is difficult to 
coordinate and consideration should be given on how to improve the ownership of 
the outcomes of the watershed study, by all partners, at an earlier stage in such an 
effort; 


• Utilizing existing venues helped to get the right people together for meetings and to 
share limited resources;   


• The collaborative effort requires a facilitator; and 
• Individual state needs vary. Federal agency planning and implementation support 


needs to be situationally applied. 


D. How Will Collaborative Efforts Continue? 
The PDT identified the following efforts that will continue beyond the study period: 


• Federal Agency Liaison position to the WSWC; 
• Establishment and participation of the Western States Federal Agency Support 


Team; 
• Future workshops are being planned in California to address climate change and the 


need to develop new methods to estimate probability and magnitude of future 
droughts and floods; 


• Climate Change and Western Water Workgroup started by NOAA, BOR, and 
USGS and joined by the Corps to develop common understanding of research needs 
for water resources decision making and planning; 


• Corps will work with Consortium of Universities for the Advancement of 
Hydrologic Science (CUAHSI) on a data portal prototype; 
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• Corps and BOR will continue to work together on asset management challenges; 
and, Senior leaders of the Corps, BOR, and USGS will meet periodically to discuss water 
resources issues of mutual concern.   


 


E. Long-Term Sustainability 
An overarching long-term recommendation of this study is to continue initiatives, such as 
those discussed in this report, to advance federal agency support to improve the 
effectiveness of collaboration between and among federal, state, and tribal agencies in 
implementing a watershed approach.  An efficient and effective way to achieve this goal 
involves the formation and maturing of a WestFAST, consisting of representatives from 
each Federal Agency, who attend WSWC meetings and provide access to agency resources 
and technology.  
 
The WSWS, helped provide proof of concept of the need and utility for a WestFAST. The 
WSWS also demonstrated the critical need for a team leader, who is supported in this 
position by its members.  Appointment of a Federal Liaison Officer as the director/project 
manager of the Team was accomplished in August 2008.   This position is critical to 
maintaining communication between the WSWC and staff and members of the WestFAST. 
The Federal Liaison Officer is accountable to the WestFAST and the WSWC for work that 
is identified.  


 
As previously discussed, the WSWS results provide several key 
recommendations associated with each of the study topics. These 
recommendations are summarized in the individual technical 
supplemental reports listed in Part IV A.  From these 
recommendations, the WSWC selected several to include in their June 
2008 report Water Needs and Strategies for a Sustainable Future: Next 
Steps.   


Figure 3: WGA/WSWC June 2008 Report, with Selected 
Recommendations from the WSWS 


 
 
 


F. Evaluation Metrics 
One of the goals of the October 2006 Western States Watershed Study Shared Vision 
Partnership Agreement was:  “To work together to collaboratively develop Watershed 
Study activities that support selected priority recommendations identified in the Water 
Needs and Strategies for a Sustainable Future report released by the WGA and WSWC in 
June 2006.”  Intuitively, collaboration makes sense but the development of metrics is 
needed to help decision makers and others predict watershed study accomplishments, 
measure completed accomplishments, and prioritize future follow-on initiatives.  As more 
watershed studies are accomplished, metrics will evolve and be standardized but it was 
desired by Corps senior leaders to begin this process for the five national watershed studies.  
The following are some metric concepts developed as part of the Western States Watershed 
Study. 
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Preliminary metrics that could indicate the potential success of a collaborative effort are:  
1) the anticipated/actual leveraging of multi-organization resources, and 2) 
anticipated/actual sustainability of the effort and follow-on initiatives.  Typically, 
organizations are more likely to invest resources on initiatives that are anticipated to be 
“value added.”  If the initiative was successful, then participating organizations would tend 
to continue their contributions of resources for follow-on activities.  However, if 
organizations initially invest in activities that are not successful, then they will likely 
discontinue their participation unless changes are made based on lessons learned. 
The WSWS helped provide a pilot demonstration of a WestFAST concept.  This 
demonstration consisted of several federal agencies working collaboratively with the 
WSWC to accomplish some of the recommendations contained in the June 2006 report.  A 
conceptual metric of the leveraging of multi-organization resources to accomplish these 
recommendations is referred to as the Resource Leveraging Factor (RLF) and is illustrated 
in the following Table: 
 


Table 3: Resources leveraged from multiple sources 
Organization Example (rough estimate) 


Funding / Work-In-Kind 
Contributions 


Federal Agencies (Western States Federal Agency Support Team) $1,000,000 
Non-Federal Organizations (WSWC staff and members participation) $1,000,000 
Total WSWC / WestFAST Contributions $2,000,000 
Corps of Engineers’ Western States Watershed Study (WSWS) 
Contribution 


   $830,000 


Corps’ WSWS Resource Leveraging Factor (Total÷Corps’ WSWS 
Investment) 


2.4 


 
In the future, it may be desirable for the Corps and other stakeholders to proactively 
estimate RLF’s prior to initiating collaborative activities.  Additionally, the RLF concept 
could be applied in other ways.  For instance it may be desirable for the WestFAST to 
measure the leveraging of non-federal resources relative to the WestFAST contribution.  In 
this example, and using the illustrative values in Table 3, the RLF = $2,000,000 (Total 
investment)÷$1,000,000 (WestFAST investment) = 2.   
These RLF’s suggest that there is significant value associated with collaboration and 
individual agencies benefit from a collaborative process. 


 
The second component of the metric indicators of the potential success of 
a collaborative effort is sustainability.  The WestFAST initiative will 
likely have near-term and potentially long-term sustainability due to the 
Declaration of Cooperation signing by BOR, USGS, the Corps, Forest 
Service, NRCS, EPA, NOAA, BLM, and USFWS.  Additionally, the 
WSWC Federal Liaison Officer position will significantly contribute to 
sustainability of this initiative.   
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Collectively, the conceptual RLF and anticipated follow-on initiatives are preliminary 
metric indicators that the WSWS was a successful collaborative effort that contributed to 
the development of potentially sustainable follow-on initiatives in the West.  


Part IV. Lists of Technical Reports, Products, Project Team Leaders, Project Delivery 
Team Members 
 
A. List of Technical Reports and other Products Produced  
Table 4 provides a listing of various technical reports and other products associated with 
water data collection, drought, climate change, watershed tools/collaborative planning, 
federal resources/collaboration, asset management, and policy/programs.  Each technical 
report addresses a specific task that relates to selected recommendations in the June 2006 
Water Needs and Strategies for a Sustainable Future report. 
 


Table 4. List of Technical Reports and Other Products  
Shared Vision Partnership Agreement and Technical Reports Refer To: 


Western States Watershed Study Shared Vision Partnership Agreement, October 2006 Appendix A 


Western States Watershed Study Consolidated List of Findings and Recommendations Appendix B 


Western States Watershed Study, Water Data, July 2008 Appendix C 


Western States Watershed Study, Drought, July 2008 Appendix D 


Western States Watershed Study, Climate Change and Reservoir Rule Curves, July 2008 Appendix E 


Application of the Shared Vision Planning Model and GIS Data Management Tool to the 
Bear River Watershed, July 2008 


Appendix F 


Shared Vision Planning Pamphlet and IWR White Paper on SVP Applied to Regulatory 
Decisions, July 2006 


Appendix G 


Collaboration Among Federal and State Agencies in Support of Locally-Led Watershed 
Initiatives –Lessons from a Sample of Case Studies, July 2008 


Appendix H 


Western States Watershed Study, Report on Policy, Programs and Authorizations, July 2008  Appendix I 


Western States Watershed Study Report on Asset Management Initiatives, July 2008 Appendix J 


  


Other Pertinent Products Refer To: 
Pilot Regulatory Short Summary and Flowchart Appendix K 
Engineer Research and Development Center System Wide Water 
Resource Program Arc GIS Toolbar technology transfer to Utah 
State University 


https://swwrp.usace.army.mil 
 


Institute for Water Resources pilot Shared Vision Planning 
process/model applied to Regulatory activities at Greeley/Fort 
Collins, Colorado (workshop and 1st phase of collaborative 
model development completed.  Other SVP products associated 
with Regulatory activities include a pamphlet and video. 


www.SharedVisionPlanning.us 
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B. Corps Project Study Team Leaders  
The information in Table 5 includes those members from the Corps who served as study 
team leaders. 


Table 5. Corps Study Team Leaders 
Executive Oversight  


Mike Fallon, Southwestern Division 


Advisory Team 


Joe Dixon,  (retired) Steve Bredthauer (Northwestern Division) 
Martin Hudson (Northwestern Division)  Meredith Peterson (South Pacific Division) 
Scott Stoddard (Sacramento District) Lanora Wright (Southwestern Division) 


Headquarters Support Team 
Margaret Johanning Chuck Moeslein 
David Shepp  


Project Team 


Gene Lilly, Tulsa District,  Project Manager Marcia Hackett, Fort  Worth District, Lead Planner 


Bill Miller, Los Angeles District, Lead Planner Alicia M. Austin Johnson, Albuquerque District,  Lead 
Planner 


Steven Ashby, Engineer Research and 
Development Center, Technical Team Leader 


Hal Cardwell, Institute for Water Resources, Technical 
Team Leader 


Lynn Martin, Institute for Water Resources, 
Technical Team Leader 


Rolf Olsen, Institute for Water Resources, Technical Team 
Leader 


 


C. Project Delivery Team Members 
The PDT members from the states and federal agencies who participated in the study 
and/or were kept periodically updated at WSWC meeting presentations or by e-mail are 
shown in Table 6. Areas highlighted in yellow denote the senior leadership of the WSWC 
and Corps. 
 


Table 6.  Western States Watershed Study PDT Members 
PDT Member  Contributing Role  Organization  


Craig Bell  WSWC Executive Director. Primary Customer POC. Also served on the 
Federal Resources and Policy and Programs PDT’s  


Tony Willardson WSWC Deputy Director.  Primary Customer POC.  Also served on the 
Basic Water Data, Watershed Tools, Policy and Programs, and Asset 
Management PDT’s  


Duane Smith  2007/2008 WSWC Chairman (Oklahoma). Also served on the Policy and 
Programs PDT.  


Steve Stockton Senior Leader Proponent Corps Headquarters Deputy 
Director of Civil Works 


Mike Fallon  Senior Leader Oversight and Proponent Director of Corps Southwestern 
Division Programs 


Robert Pietrowsky Senior Leader Proponent Director, Institute for Water 
Resources 


Beth Fleming Senior Leader Proponent Director of the Environmental 
Laboratory, Engineer Research 
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and Development Center 


Gene Lilly  Project Manager  Corps, Tulsa District 


Pam Alambar  Program Analyst  Corps, Tulsa District 
Craig Albertsen  Water Data and Watershed Tools 


PDT’s  
BOR  


Hal Anderson  Water Data PDT  WSWC 
Steve Ashby  Watershed Tools PDT Technical Lead  Corps, ERDC 
Barney Austin  Water Data PDT  WSWC (Texas), ICWP member  


Dennis D. Austin Final Reports, Editor and Consultant Private Consultant (Utah) 


Alicia M. Austin Johnson  Partnership Agreement, Collaborative 
Planning, Federal Resources, and Final 
Report PDT’s Lead  


Corps, Albuquerque District 


Walt Baker  Watershed Tools and Federal 
Resources PDT’s  


WSWC (Utah)  


Cynthia Banks  Asset Management PDT  Corps, ERDC 
Jack Barnett  Watershed Tools and Collaborative 


Planning and Federal Resources PDT’s  
WSWC (Utah)  


Stephen Bernath  Climate Change PDT  WSWC (Washington)  
Ann Bleed  Policy and Programs PDT  WSWC (Nebraska)  
Dave Brandon  Water Data PDT  NOAA  
Steve Bredthauer  Advisory Team and Asset Management 


PDT  
Corps, Northwestern Division 


Levi Brekke  Climate Change PDT  Reclamation  
Bruce Brown  Asset Management PDT  Reclamation  
Curtis Brown  Federal Resources PDT  Reclamation  
Joan Card  Federal Resources PDT  WSWC (Arizona)  
Hal Cardwell  Collaborative Planning PDT Technical 


Lead  
Corps, IWR  


Tom Carr  Drought PDT  WSWC (Arizona)  
Tammy Conforti  Silver Jackets Program  Corps, IWR  
William Cunningham  Water Data PDT  USGS  
Joe Dixon  Advisory Team, Policy and Programs 


PDT  
Corps (ret)  


Garland Erbele  Policy and Programs and Asset 
Management PDT’s  


WSWC (South Dakota)  


Peter Evans  Water Data Peer Review  MP-POD  
Pete Fickenscher  Climate Change PDT  NOAA (NWS)  
Beth Faber  Climate Change PDT  Corps, IWR  
Ann Fissekis  Climate Change PDT  Corps, Sacramento District  
Roger Gorke  Watershed Tools, Federal Resources, 


Policy and Programs, and Asset 
Management PDTs  


EPA  
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Marcia Hackett  Water Data Collection, Drought, and 
Climate Change PDT Lead  


Corps, Fort Worth District 


Rob Hartman  Climate Change PDT  NOAA (NWS)  
Chuck Hennig  Climate Change PDT  Reclamation  
Ted Hillyer  Drought PDT  Corps, IWR  
Martin Hudson  Advisory Team, Asset Management 


PDT  
Corps, Northwestern Division 


Margaret Johanning  Corps  Headquarters PM, Peer Review  Corps, Southwestern Division 
Jeanine Jones  Drought and Climate Change PDT’s  WSWC (California)  
Ron Kneebone  Federal Resources / Tribal Liaison PDT Corps, Albuquerque District  
Weir Labatt  Policy and Programs PDT  WSWC (Texas)  
Harry Lins  Drought PDT  USGS  
Sue Lowry  Water Data Collection, Watershed 


Tools / Collaborative Planning, Federal 
Resources, and Policy and Programs, 
PDT’s  


WSWC (Wyoming), ICWP 
member  


Lynn Martin  Federal Resources PDT Technical Lead Corps, IWR 
Clayton Matt  Federal Resources PDT  WSWC (Confederated Salish 


and Kootenai Tribes)  


Ken Maxey  Asset Management PDT  Reclamation  
Shaun McGrath  Federal Resources, Asset Management, 


and Climate Change PDT’s  
WGA  


Bill Miller  Watershed Tools PDT Lead  Corps, Los Angeles District 
Chuck Moeslein  Partnership Agreement PDT Technical 


Lead  
Corps, Headquarters 


Bruce Muller  Climate Change PDT  Reclamation  
Mike Norris  Water Data Collection PDT Technical 


Lead, Policy and Programs PDT  
USGS  


Rolf Olsen  Water Data Collection, Drought, and 
Climate Change PDT’s Technical Lead 


Corps, IWR 


Phil Pasteris  Water Data Collection PDT  NRCS  
Ken Pathak  Watershed Tools PDT  Corps, IWR 
Chandler Peter  Collaborative Planning PDT, Lead 


Regulator  
Corps, Omaha District 


Meredith Peterson  Advisory Team  Corps, South Pacific Division 
Roger Pulwarty  Drought PDT  NOAA  
Jan Rasgus  HQ Peer Review  Corps, Headquarters 
Cheryl Redding  Office Manager  WSWC  
Kerry Redican  Federal Resources PDT  Corps, IWR 
Michelle Schmidt  Water Data Collection PDT  NOAA-NWS  
David Shepp  Partnership Agreement PDT  Corps, Headquarters 
Leigh Skaggs  Federal Resources PDT  Corps, IWR  
Ken Slattery  Watershed Tools and Policy and 


Programs PDT’s  
WSWC (Washington)  
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Mark Spears  Water Data Collection PDT  USGS  
Ward Staubitz  Federal Resources, Watershed 


Tools/Collaborative Planning PDT’s. 
Water Data Collection PDT Technical 
Lead,  


USGS  


Tom Stiles  Federal Resources and Asset 
Management PDT’s  


WSWC (Kansas)  


Scott Stoddard  Advisory Team  Corps, Sacramento District 
Dennis Strong  Drought PDT  WSWC (Utah)  
Burton Suedel  Asset Management PDT  Corps, ERD  
Stu Townsley  Climate Change PDT  Corps, Sacramento District 
Seshu Vaddey  Climate Change Workshop  Corps, Portland District 
Kevin Ward  Asset Management PDT  WSWC (Texas)  
Jerry Webb  Water Data Peer Review  Corps, Headquarters 
Phil Ward  Water Data Collection PDT  WSWC (Oregon)  
Bill Werick  Collaborative Planning PDT  IWR Consultant  
Kate White  Climate Change Workshop  Corps, ERDC 
Lanora Wright  Advisory Team and Federal Liaison 


Implementation PDT Lead  
Corps, Southwestern Division 


Part V. Appendices 
The technical appendices are included as separate PDF files attached to this document 
and/or available under separate cover. 





		 Study Overview and Major Findings

		Introduction

		Part I. Study Development

		A. Developing the Study Approach 

		B. Identifying Study Partners, Roles, Responsibilities & Resources 

		C. Stakeholder Expectations



		Part II. Summary of Study Products & Brief Descriptions

		A. Water Data Gathering

		Recommendations/Next Steps



		B.  Drought, Natural Hazards, and Climate Change

		Recommendations /Next Steps

		Recommendations /Next Steps



		C.  Watershed Tools and Collaborative Planning

		Recommendations /Next Steps



		D.  Federal Resources and Collaboration Initiatives

		Recommendations /Next Steps



		E. Policies and Programs

		Recommendations/Next Steps



		F.  Federal Infrastructure Needs

		Recommendation / Next Steps



		G. Collaboration with Native American Tribes 



		Part III. Evaluation of the Study 

		A. Study Accomplishments 

		B.  Study Challenges

		C. Lessons Learned

		D. How Will Collaborative Efforts Continue?

		E. Long-Term Sustainability

		F. Evaluation Metrics



		Part IV. Lists of Technical Reports, Products, Project Team Leaders, Project Delivery Team Members

		B. Corps Project Study Team Leaders 

		C. Project Delivery Team Members



		Part V. Appendices



