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Report on Lessons Learned from USACE 

Climate Change Adaptation Pilot Projects 

Executive Summary 

The U.S. Army Corps of Engineers (USACE) has a statutory responsibility to operate and 

maintain its programs and projects to provide their authorized services. Along with changing 

land use, land cover, and demographic changes, climate change is one of the major challenges of 

the 21st century, with impacts on all areas of our missions and operations. The Responses to 

Climate Change (RCC) Program develops methods, tools, policies, and technical guidance to 

support effective adaptation of USACE projects, systems, and programs to reduce vulnerabilities 

and improve resilience to the effects of climate change where necessary. Additional needs 

include improved capabilities to identify impacts and vulnerabilities, assess the effectiveness of 

climate change adaptation, and evaluate how alternative adaptation measures improve system 

performance flexibility over a wide range of future scenarios.  

The RCC Program initiated an Adaptation Pilot Projects program that was designed to improve 

knowledge of climate change impacts and adaptation across all levels within USACE, from 

headquarters to the districts, in accordance with the Adaptation Roadmap. At the time of 

initiation of the pilot program in late calendar year 2009—fiscal year (FY) 2010—knowledge 

was quite limited. The pilot projects were thus designed to test new ideas, develop information 

necessary for policy and guidance, and assess the need for climate change information in 

decision making. This report outlines the adaptation pilot projects funded under the RCC 

Adaptation Pilot Projects program during FY2010–2015, which addressed approaches to project 

planning, coastal ecosystem restoration and flood risk reduction, freshwater water supply, 

navigation, and flood risk management. These projects, which spanned the continental United 

States and Hawaii and represented a range of future climate impacts challenges, included: 

• Application of Sea Level Change Guidance to the C-111 Spreader Canal, Jacksonville 

District 

• Climate Change Impact on the Operation of Coralville Lake, Iowa, Rock Island District 

• Climate Change Associated Sediment Yield Impacts on the Rio Grande, Cochiti Dam and 

Lake, Albuquerque District 

• Climate Change Associated Sediment Yield Impacts and Operation Evaluations at Garrison 

Dam, North Dakota, Omaha District 

• East Rockaway Inlet to Rockaway Inlet, New York, Collaboration Framework Development, 

New York District 
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• Risk-Informed Decision Making for Potential Sea Level Rise Impacts on Wetland 

Restoration, Hamilton Wetland Restoration Project, California, San Francisco District 

• Framework for Building Resiliency into Restoration Planning Case Study—Lower Columbia 

River Estuary, Portland District 

• Upland Sediment Production and Delivery in the Great Lakes Region Under Climate 

Change, Detroit District 

• Climate Change Impacts on Water Supply in the Marion Reservoir Watershed, Kansas, Tulsa 

District 

• Missouri River Basin Mountain Snowpack—Accumulation and Runoff, Northwest Division 

• Red River of the North Flooding at Fargo, North Dakota, St. Paul District 

• Utilization of Regional Climate Science Programs in Reservoir and Watershed Risk-Based 

Assessments, Oologah Lake and Watershed, Tulsa District 

• Climate Modeling and Stakeholder Engagement to Support Adaptation in the Iowa-Cedar 

Watershed, Rock Island District 

• Formulating Mitigation/Adaptation Strategies Through Regional Collaboration with the Ohio 

River Basin Alliance, Huntington District 

• Risk-Informed Decision Making for Integrated Water Resources Management Planning, 

West Maui Watershed Project, Hawaii District 

• Climate Change Impact Evaluation: Impacts to Hurricane Storm Surge Inundation Resulting 

from Sea Level Change, Chesapeake Bay, Baltimore District 

• Modern and Projected Peak Snowpack and Runoff in the Upper Missouri River Basin, 

Northwest Division 

• Implementing a Climate Change Project Under a Regional Integrated Water Resources 

Management Plan: The Los Angeles Basin Stormwater Conservation Study, Los Angeles 

District 

• Historical Trends and Future Projections of Climate and Streamflow in the Willamette Valley 

and Rogue River Basins, Portland District. 

Key lessons learned from these studies include the following: 

• Climate variability and change are already impacting projects planning and operations in 

varying ways and these impacts will continue in the future. 

• Though key aspects of climate impacts may vary from site to site, the pilot projects have 

provided a body of knowledge and tested methods that support the development of policy 

and guidance and demonstrate methods that can be (or should not be) used by districts to 

improve climate change preparedness and resilience.  

• Establishing a policy, no matter how broad, reduces the time and cost of adaptation because 

policy provides the legal and technical justification for action, narrows the range of potential 

alternative approaches, and guides planning and study approaches to support the desired 

decisions. Beginning with a broad policy will help minimize the effects of future 

refinements.  
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• Adaptation implementation for new projects over the 100-year planning horizon is less 

complex than for existing projects, many of which have been in place for 50 years or more. A 

phased screening approach with progressively more detailed evaluations can efficiently 

identify projects with the highest consequences from climate change or those requiring 

earlier adaptation.  

• Costs and benefits are dynamic and will change over time, just as climate does. These may 

need to be considered at the regional scale or may need to be quantified or evaluated 

differently over time. Consideration of dynamic changes over time can guide alternatives 

formulation, plan selection, design, and adaptive management decisions.  

• Accounting for lifecycle adaptation costs must be included in assessing project plans to avoid 

selecting plans resulting in Federal investments that need substantial reinvestment at a later 

date. 

• Meaningful external collaboration can improve understanding of climate impacts and speed 

the development and implementation of innovative and effective approaches to climate 

preparedness and resilience. 
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1. Introduction 

The U.S. Army Corps of Engineers (USACE) is charged with providing engineering services in 

support of the general public (Civil Works [CW]) and the armed forces (Military Missions). The 

USACE CW missions relate to water resources management and the areas of navigation, inland 

and coastal flood risk management, ecosystem restoration, hydropower, recreation, regulatory, 

emergency response, and water supply. USACE has a statutory responsibility to operate and 

maintain its CW programs and projects to provide their authorized services now and in the 

future. These CW missions are all impacted by observed and projected climate change (Brekke 

et al. 2009, USACE 2012). To improve its climate preparedness and resilience, USACE has 

undertaken an active program to assess, develop, test, plan, and implement adaptation measures. 

Adaptation implementation improves the ability of projects to continue to provide their essential 

services despite future changes. Because USACE is a Federal agency serving the entire Nation, 

these adaptation measures need to be practical, cost effective, legally justifiable, and consistent 

across the Nation while still allowing individual districts to tailor their actions to differing 

regional conditions. 

Significant, measurable climate 

change is already apparent across 

the country (Kunkel et al. 2013) 

(Figure 1). U.S. average 

temperature has increased 

approximately 1.5°F since 1900 

(Karl et al. 2009). Over the next 

century, an additional 2°F to 11.5°F 

rise in average temperatures is 

expected, with greater warming at 

higher latitudes and in the western 

United States (Karl et al. 2009). 

Changes in total annual 

precipitation have not been 

observed, although changes in 

precipitation patterns are evidenced 

by observed increases in storm 

intensity; already, many portions of 

the U.S. have reported increases in very heavy precipitation events, particularly in the Northeast, 

Midwest, and Great Plains (Kunkel et al. 2013).  

 
Figure 1: Map of change in the amount of precipitation falling in 

very heavy events (defined as the heaviest 1% of all daily events) 

from 1958 to 2012 for each region of the continental United States 

(Melillo et al. 2014). 
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Meanwhile, the arid southwestern United States has endured persistent drought in most of the 

years since the start of the millennium, and especially since 2012. Whether this drought is part of 

a natural cycle or the beginning of a shift to the more xeric climate anticipated in many climate 

models remains debated. In coastal areas, the combination of ongoing sea level rise with more 

intense storm events is leading to more flooding in both coastal and inland areas, with a 

measurable increase in nuisance flooding (Sweet et al. 2014).  

Projected warming and changes in precipitation may significantly alter water resources in ways 

that will affect socioeconomic stability in the U.S. Changes in water availability for domestic, 

agricultural, industrial, hydropower, navigation, and ecosystem use; changes in the frequency 

and magnitude of flooding and drought; and effects of changing sea levels pose significant 

current and future challenges for Federal agencies charged with managing the United States’ 

water resources. These challenges are compounded by a host of other environmental stressors 

affecting water quality and water quantity. These stressors include population growth and 

distribution, changing land use patterns, changing land cover types, decaying and aging 

infrastructure, economic challenges, declining biodiversity, and increasing globalization 

pressures (Stockton and White 2011). 

1.1 Special Issues Facing Water Managers 

Prior to about the mid-2000s, water resources managers generally assumed that the future mean 

and range of variation in temperature, precipitation, and other hydroclimate variables could 

reasonably be expected to fall within the range of observations. For example, a reasonably long 

observed flow record for a particular location was thought to accurately capture the average, 

maximum, and minimum flows for the foreseeable future. This assumption is termed 

stationarity, because the range of conditions is assumed to be unchanging over time (e.g., 

Vandaele 1983). Engineers were aware that this assumption oversimplified complex processes 

(e.g., Chow 1964) and tested the assumption for certain non-climate conditions, such as river 

regulation of large changes in land cover that impact runoff hydrographs.  

By the mid-2000s, it became clear that past climate conditions could no longer be assumed to 

provide an accurate baseline for predicting the range of future conditions because the baseline 

was changing (Milly et al. 2008). Nonstationarity refers to the condition where the historical 

averages and ranges of variation may not accurately characterize future conditions in a project 

area because these conditions are evolving over time. Although cyclical change has been long 

recognized as important in natural systems (e.g., ecological succession, disturbance, stream 

channel avulsion), until recently water resources planners have typically not routinely considered 

long term directional changes in climate in the planning process. In this sense, climate change 

and its effects introduce a new element of nonstationarity into the planning process. The rate of 
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future climate change is unknown but it is likely to induce natural, water resources, and human 

systems to respond in novel ways. 

1.2 USACE Responses to Climate Change Program 

The Responses to Climate Change (RCC) Program was started in fiscal year (FY) 2010 with the 

objective to develop and implement practical, nationally consistent, and cost-effective policies, 

methods, and approaches for effective adaptation of USACE projects, systems, and programs to 

climate change (Darcy 2010): 

The US Army Corps of Engineers (Corps) recognizes that the entire portfolio 

of our structural and nonstructural water resources projects will be affected by 

climate change, necessitating not only mitigation to climate change, but 

adaptation as well...[The] Corps is responding to water-related risks posed by 

climate change to water resources infrastructure, including risk and 

vulnerability assessments, identification of potential adaptation strategies, and 

collaborative efforts supporting climate change adaptation. 

These climate adaptation measures are required to ensure USACE water resources infrastructure 

(Figure 2) continues to perform and reliably provide the authorized services that enhance 

national economic development, national aquatic ecosystem restoration, and regional economic 

development and that address other social effects (USACE 2013b).  

 
Figure 2: Cochiti Lake, New Mexico—one of the hundreds of reservoirs USACE owns and operates across 

the Nation. 
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The RCC Program represents a continuation of activities related to climate change and 

variability by the Institute for Water Resources (IWR) since the droughts of the late 1970s in 

support of the CW Program. At that time, IWR initiated studies to evaluate climate change and 

its implications for water resources planning, which resulted in a 1981 policy requiring all 

projects with controlled storage to develop a drought contingency plan (USACE 1981). In the 

mid-1980s, USACE supported the influential study by the National Research Council, 

Responding to Changes in Sea Level: Engineering Implications. The issues raised in this report 

were so compelling that even before the report’s publication in 1987, USACE released a 

guidance letter requiring the consideration of changing sea levels in project planning and design 

(USACE 1986) and follow-on planning guidance to incorporate changing sea levels (USACE 

1989). The IWR Economic Impacts of Climate Change research program supported the first 

national conference on climate change and water resources (Ballantine and Stakhiv 1994). This 

1991 conference provided an early preview of climate impacts and adaptation measures.  

 

Climate-related work continued through the 1990s, largely led by Eugene Stakhiv, who in 1998 

identified three approaches to adapt to the impacts of climate change: anticipatory, reactive, and 

adaptive (Stakhiv 1998). The anticipatory strategy encompasses preparedness measures to 

improve resilience and adaptive capacity before an event occurs (Figure 3). The reactive strategy 

is implemented as a response to an event, and therefore may be both risky and expensive, since 

 
Figure 3: Post-Hurricane Sandy beach nourishment, Rockaway Beach, New York. Beach nourishment has 

repeatedly proven to confer resilience to storm damage for coastal infrastructure, and nourishment is being 

undertaken here to reduce future storm damage to the community. 
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preparedness is usually far more cost effective than response and recovery. Adaptive 

management is a structured process where different solutions are tried and evaluated for their 

effectiveness, either simultaneously or sequentially. The lessons learned from these evaluations 

are incorporated in future decision making. Adaptive management can reduce risk by allowing 

planners to test solutions for cost effectiveness against a range of conditions that might occur in 

the future to identify the best potential solution given current knowledge. Ongoing monitoring 

reevaluates the effectiveness of the solution over time and enables changes to occur in response 

to more certain future information. These approaches are described more fully in USACE 

guidance (USACE 2014a), which notes that the approaches can be used singly or combined in 

various pathways over the life of a project or system of projects. 

1.3 USGS Circular 1331: Climate Change and Water Resources 

Management: A Federal Perspective 

Hurricane Katrina devastated New Orleans and much of the Gulf Coast in 2005, providing a 

wakeup call to Federal agencies and non-Federal organizations of the dangers posed by the 

combination of the Nation’s aging infrastructure and new and changing conditions, including 

climate change and variability. In 2006, the USACE CW Program initiated the Western States 

Watershed Study to evaluate climate change impacts on water resources in the western U.S. The 

relationships developed in part through this effort led to interagency teaming that resulted in 

Circular 1331 and became the nucleus of the interagency Climate Change and Water Working 

Group (CCAWWG) in 2007. This group, initially made up of USACE, the U.S. Geological 

Survey (USGS), the Bureau of Reclamation (Reclamation), and the National Oceanic and 

Atmospheric Administration (NOAA), evaluated the state of knowledge of climate impacts and 

adaptation. The intent of a collaborative effort beginning in 2007 was to provide a preliminary 

framework and identify information needed to prepare for, reduce the effects of, and adapt to 

future climate change and variability. The resulting report, Climate Change and Water Resources 

Management: A Federal Perspective (Brekke et al. 2009: Circular 1331), emphasized the 

importance of accounting for climate change and variability in Federal decision making, as 

nonstationarity could impact the magnitude and frequency of floods, droughts, and other 

hydrologic events (e.g., Figure 4) and in turn alter the performance and reliability of existing 

infrastructure. The report outlined critical knowledge gaps that currently hinder Federal planning 

efforts, including lack of information on future climate changes and how these changes will 

impact natural, water, and human resources (termed uncertainty); gaps in the collection of 

weather and streamflow data that would help address the information lack; and a widespread 

misunderstanding and lack of incorporation of nonstationarity into Federal planning efforts.  
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Figure 4: Nonstationarities in maximum annual flow at the Red River of the North at Fargo, North Dakota 

gage occur around 1940 and 1990. A significantly lower mean and variation in flows exist prior to 1940 

compared to after, and a higher mean after 1990. Figure extracted from the USACE Climate Preparedness 

and Resilience Nonstationarity Tool. 

The report outlined strategies for dealing with both uncertainty and nonstationarity. These 

approaches include risk-informed decision making (RIDM), adaptive management, and 

integrated water resources management (IWRM). RIDM is a process by which potential risks 

to a project are made explicit; those risks are evaluated for their impacts on the project; and, if 

the impact is significant, steps are identified to reduce the risk. For example, if a flood risk-

reduction measure is being planned for a location where increased flooding is anticipated, then 

one risk could be that the project designed to provide risk reduction for past and current floods 

may not perform reliably for larger future floods. If in the future these large floods are 

anticipated to be very rare, it may not be cost effective to modify the design to accommodate 

them. However, if these large floods are anticipated to occur relatively frequently, it would 

probably be necessary to adjust the current design to ensure the project functions under plausible 

future flood conditions. One way to reduce this risk might be to design a project that can perform 

under the future conditions; another might be to alter regulation patterns upstream or alter the 

watershed to provide additional storage, either through nature-based methods or by constructing 

new water detention facilities. Our confidence in the likelihood of the future risk-causing event 

would factor into calculating the relative cost effectiveness of taking action now versus dealing 

with the consequences later. RIDM is a way of ensuring planners account for both 

nonstationarity (future conditions different from that of today) and uncertainty (how sure we are 

that an event is going to occur) when planning flood control, navigation, water supply, 

ecosystem restoration, and other long-term investments in the Nation’s infrastructure. 

Consideration of residual risk at different stages of the project lifetime also helps inform decision 

making. 

Circular 1331 also argued that to be effective, planning for climate change effects on projects 

requires consideration of the entire watershed in which a project occurs; changes in vegetation 
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and land use exert profound effects on how much rainwater runs off and therefore how large a 

flood occurs following a storm of a given size. IWRM is the preferred framework for partnering 

with Federal, state, local, and tribal entities to determine the effects of climate change on whole 

watersheds and to identify how actions taken at every level of government might interact to 

make the consequences larger or smaller (Interagency Climate Change Adaptation Task Force 

[ICCATF] 2011). IWRM is a process that encourages coordinated development and management 

of water, land, and related resources in a watershed so water is distributed fairly to users and the 

sustainability of vital ecosystems is not compromised.  

Based on Circular 1331, USACE and Reclamation identified gaps in knowledge needed to 

incorporate climate change into long-term decision making (Brekke et al. 2011). This was 

followed by a second report by USACE, Reclamation, and the National Weather Service 

addressing other needs related to short-term decision making at a time scale from weather to 

climate (Raff et al. 2013). 

1.4 Other Interagency Efforts 

USACE participation in interagency groups addressing water resources and climate adaptation 

expanded with the establishment of the ICCATF by the Executive Office of the President in 

2009. These working groups benefitted from the lessons learned during the earlier USACE work. 

By late 2009, an interagency working group under the auspices of the ICCATF had developed a 

flexible framework for adaptation planning to help agencies identify and address climate 

vulnerabilities and opportunities and build resilience to climate change. This framework 

identified evaluation and learning from adaptation implementation as a key step in improving 

adaptation planning (Council on Environmental Quality [CEQ] 2009). CEQ published guiding 

principles for climate change adaptation that include the following (CEQ 2011): 

• Adopt integrated approaches, including coordination among Federal, state, local, and tribal 

governments to manage project work at the watershed level. 

• Use best available science; don’t delay adaptation until better information is available. 

• Build strong partnerships across multiple sectors, geographic scales, and levels of 

government. 

• Apply risk management methods and tools. 

1.5 Need for Pilots to Test and Evaluate Adaptation Approaches 

The ICCATF Adaptation Processes Working Group identified the implementation of agency 

pilots to further and test the flexible framework for adaptation planning, suggesting that pilots to 

be conducted by different agencies span several scales (local to agency-wide) (CEQ 2010). The 

pilots were intended to test the effectiveness of the flexible framework. Lessons learned from the 
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pilots could be used to develop agency implementation guidance and identify key enabling 

investments. The Department of Homeland Security conducted agency-wide pilots. The 

Department of Transportation tested pilots at the agency component level on a statewide basis. 

The Environmental Protection Agency (EPA) conducted a community-level pilot, and the 

USACE tested the framework at project scale. 

The RCC Adaptation Pilot Projects Program began in FY2010 with the first four pilots, with the 

goal of increasing internal agency understanding of how to prepare for climate change adaptation 

planning and implementation (USACE 2011c). They were also used to test the CEQ’s flexible 

framework for adaptation at the project scale. This second objective fit nicely with the USACE 

desire to conduct climate change adaptation pilot studies spanning the project lifecycle and the 

USACE business lines in river basins, coastal regions, and aquatic ecosystem projects. The 

lessons learned from these projects are helping USACE to mainstream climate change 

adaptation, improve vulnerability assessment methods, develop an adaptive management strategy 

for climate change and variability, and improve water resources management and planning 

methodologies. The pilots are helping address eight primary gap areas identified by Brekke et al. 

(2009) (Figure 5, Table 1): 

1. Summarize relevant literature. 

2. Obtain climate change information. 

3. Make decisions about how to use the climate change information. 

4. Assess natural system response. 

5. Assess socioeconomic and institutional response. 

6. Assess system risks and evaluate alternatives. 

7. Assess and characterize uncertainties. 

8. Communicate results and uncertainties to decision makers. 

1.6 Organization of this Report 

The remainder of this report includes the following sections: 

• Chapter 2 discusses the purpose and scope of each of the RCC Adaptation Pilot Projects 

undertaken between FY2010 and FY2015. 

• Chapter 3 describes RCC Adaptation Pilot Project methodologies and approaches. 

• Chapter 4 describes the results of the RCC Adaptation Pilot Projects, identifying lessons 

learned and remaining gaps. 

• Appendix A provides copies of the RCC Adaptation Pilot Project fact sheets.   
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USACE RCC Adaptation Pilot Projects 

1 Application of Sea Level Change Guidance to the C-111 Spreader Canal, Jacksonville District 

2 Climate Change Associated Sediment Yield Impacts on the Rio Grande, Cochiti Dam and Lake, Albuquerque District 

3 Climate Change Impact on the Operation of Coralville Lake, Iowa, Rock Island District 

4 Climate Change Associated Sediment Yield Impacts and Operation Evaluations at Garrison Dam North Dakota, Omaha District 

5 East Rockaway Inlet to Rockaway Inlet, New York, Collaboration Framework Development, New York District 

6 Upland Sediment Production and Delivery in the Great Lakes Region Under Climate Change, Detroit District 

7 Risk-Informed Decision Making for Potential Sea Level Rise Impacts on Wetland Restoration, Hamilton Wetland Restoration 
Project, California, San Francisco District 

8 Climate Modeling and Stakeholder Engagement to Support Adaptation in the Iowa-Cedar Watershed, Rock Island District 

9 Framework for Building Resiliency into Restoration Planning Case Study—Lower Columbia River Estuary, Portland District 

10 Climate Change Impacts on Water Supply in the Marion Reservoir Watershed, Kansas, Tulsa District 

11 Missouri River Basin Mountain Snowpack—Accumulation and Runoff, Northwest Division 

12 Modern and Projected Peak Snowpack and Runoff in the Upper Missouri River Basin, Northwest Division 

13 Formulating Mitigation/Adaptation Strategies Through Regional Collaboration with the Ohio River Basin Alliance, Huntington 
District 

14 Utilization of Regional Climate Science Programs in Reservoir and Watershed Risk-Based Assessments, Oologah Lake and 
Watershed, Tulsa District 

15 Red River of the North Flooding at Fargo, North Dakota, St. Paul District 

16 Risk-Informed Decision Making for Integrated Water Resources Management Planning, West Maui Watershed Project, Hawaii 
District 

17 Climate Change Impact Evaluation: Impacts to Hurricane Storm Surge Inundation Resulting from Sea Level Change, 
Chesapeake Bay, Baltimore District 

18 Implementing a Climate Change Project Under a Regional Integrated Water Resources Management Plan: The Los Angeles 
Basin Stormwater Conservation Study, Los Angeles District 

19 Historical Trends and Future Projections of Climate and Streamflow in the Willamette Valley and Rogue River Basins, Portland 
District 

Figure 5: Map showing the location of RCC Adaptation Pilot Projects with respect to USACE divisions; 

projects in small watersheds are represented as dots. 
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Table 1: USGS Circular 1331 Gaps Addressed by RCC Adaptation Pilot Projects. 

USACE RCC Adaptation Pilot Project USGS Circular 1331 Primary Gap(s) Addressed 

1. Application of Sea Level Change Guidance to the C-111 
Spreader Canal, Jacksonville District 

4) Assess natural system responses 

6) Assess system risks and evaluate alternatives 

7) Assess and characterize uncertainties 

2. Climate Change Associated Sediment Yield Impacts on the Rio 
Grande, Cochiti Dam and Lake, Albuquerque District 

4) Assess natural system responses 

6) Assess system risks and evaluate alternatives 

3. Climate Change Impact on the Operation of Coralville Lake, 
Iowa, Rock Island District 

4) Assess natural system responses 

4. Climate Change Associated Sediment Yield Impacts and 
Operation Evaluations at Garrison Dam North Dakota, Omaha 
District 

4) Assess natural system responses 

5. East Rockaway Inlet to Rockaway Inlet, New York, 
Collaboration Framework Development, New York District 

6) Assess system risks and evaluate alternatives 

7) Assess and characterize uncertainties 

8) Communicating results and uncertainties to 
decision makers 

6. Upland Sediment Production and Delivery in the Great Lakes 
Region Under Climate Change, Detroit District 

2) Obtain climate change information 

4) Assess natural system responses 

7. Risk-Informed Decision Making for Potential Sea Level Rise 
Impacts on Wetland Restoration, Hamilton Wetland Restoration 
Project, California, San Francisco District 

6) Assess system risks and evaluate alternatives 

7) Assess and characterize uncertainties 

8. Climate Modeling and Stakeholder Engagement to Support 
Adaptation in the Iowa-Cedar Watershed, Rock Island District 

7) Assess and characterize uncertainties 

8) Communicating results and uncertainties to 
decision makers 

9. Framework for Building Resiliency into Restoration Planning 
Case Study—Lower Columbia River Estuary, Portland District 

7) Assess and characterize uncertainties 

8) Communicating results and uncertainties to 
decision makers 

10. Climate Change Impacts on Water Supply in the Marion 
Reservoir Watershed, Kansas, Tulsa District 

3) Make decisions about how to use the climate 
change information 

6) Assess system risks and evaluate alternatives 

7) Assess and characterize uncertainties 

11. Missouri River Basin Mountain Snowpack—Accumulation and 
Runoff, Northwest Division 

2) Obtain climate change information 

3) Make decisions about how to use the climate 
change information 

4) Assess natural system responses 

12. Modern and Projected Peak Snowpack and Runoff in the Upper 
Missouri River Basin, Northwest Division 

2) Obtain climate change information 

3) Make decisions about how to use the climate 
change information 

4) Assess natural system responses 

7) Assess and characterize uncertainties 

13. Formulating Mitigation/Adaptation Strategies Through Regional 
Collaboration with the Ohio River Basin Alliance, Huntington 
District 

6) Assess system risks and evaluate alternatives 

8) Communicating results and uncertainties to 
decision makers 

14. Utilization of Regional Climate Science Programs in Reservoir 
and Watershed Risk-Based Assessments, Oologah Lake and 
Watershed, Tulsa District 

6) Assess system risks and evaluate alternatives 
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USACE RCC Adaptation Pilot Project USGS Circular 1331 Primary Gap(s) Addressed 

15. Red River of the North Flooding at Fargo, North Dakota, St. 
Paul District 

2) Obtain climate change information 

3) Make decisions about how to use the climate 
change information 

7) Assess and characterize uncertainties 

16. Risk-Informed Decision Making for Integrated Water Resources 
Management Planning, West Maui Watershed Project, Hawaii 
District 

6) Assess system risks and evaluate alternatives 

8) Communicating results and uncertainties to 
decision makers 

17. Climate Change Impact Evaluation: Impacts to Hurricane Storm 
Surge Inundation Resulting from Sea Level Change, 
Chesapeake Bay, Baltimore District 

4) Assess natural system responses 

7) Assess and characterize uncertainties 

18. Implementing a Climate Change Project Under a Regional 
Integrated Water Resources Management Plan: The Los 
Angeles Basin Stormwater Conservation Study, Los Angeles 
District 

6) Assess system risks and evaluate alternatives 

8) Communicating results and uncertainties to 
decision makers 

19. Historical Trends and Future Projections of Climate and 
Streamflow in the Willamette Valley and Rogue River Basins, 
Portland District 

2) Obtain climate change information 

3) Make decisions about how to use the climate 
change information 

4) Assess natural system responses 

6) Assess system risks and evaluate alternatives 

7) Assess and characterize uncertainties 
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2. Purpose and Scope of RCC Adaptation Pilot 

Projects 

USGS Circular 1331 and subsequent publications outlined strategies for addressing climate 

change impacts on water resources. However, USACE had policy or guidance in place only for 

incorporating considerations related to changing sea levels (USACE 1986, 2000, 2009). 

Additional policy and guidance were required to enable district planners to address other aspects 

of climate change in planning and engineering. The initial series of four adaptation pilot projects 

begun in FY2010 (from October 1, 2009, through September 30, 2010) sought to (1) develop 

innovative methods, strategies, and technologies supporting climate preparedness and resilience 

for water resources management; and (2) test the concept of a flexible framework for climate 

adaptation proposed by the CEQ in 2010.  

By the time the second round of 11 projects was competitively selected for FY2011 (from 

October 1, 2010, through September 30, 2011), lessons learned from the first pilot projects 

enabled testing of a more specific set of goals: 

• Test the efficacy of the RIDM process with respect to climate change adaptation and 

uncertainty. 

• Test the utility of integrated watershed management as a framework for identifying and 

working with partners and stakeholders.  

• Continue to build district capacity in the professional and technical competencies important 

in climate change adaptation, including joint work across all levels of government and with 

non-governmental partners and stakeholders. 

Finally, four projects were initiated over the period 2012–2015. 

2.1 FY2010 Pilot Studies 

Four studies were funded in FY2010 under the RCC Program (for additional information, see 

Appendix A): 

• Application of Sea Level Change Guidance to the C-111 Spreader Canal, Jacksonville 

District 

• Climate Change Impact on the Operation of Coralville Lake, Iowa, Rock Island District 

• Climate Change Associated Sediment Yield Impacts on the Rio Grande, Cochiti Dam and 

Lake, Albuquerque District 

• Climate Change Associated Sediment Yield Impacts and Operation Evaluations at Garrison 

Dam, North Dakota, Omaha District. 

All four of these projects were completed by December 2012 and are described in more detail 

below. 
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2.1.1 Application of Sea Level Change Guidance to the C-111 Spreader Canal, 

Jacksonville District 

This project sought to understand how changing sea levels would affect ecosystem restoration 

for a single component of the Everglades restoration project. Channelization of the area of 

Florida in and around Everglades National Park over a long period of time has disrupted the 

natural overland flow that historically sustained this wetland. Alterations to the flow in one of the 

channels, the C-111 Spreader Canal, were planned to prevent drainage of surface water from the 

Everglades into the canal, resulting in improved freshwater wetland function and improved water 

flow into Florida Bay. The improved flows into Florida Bay are anticipated to restore some of 

the coastal habitat lost when overland flows were channelized and diverted elsewhere and thus 

support increased numbers of birds and near-shore marine organisms. Observed increases in 

local relative sea level raised concerns that changing sea level could wipe out these gains by 

inundating the newly restored near-shore brackish habitat (Figure 6). 

 
Figure 6: Sea level rise is projected to inundate freshwater meadows with saltwater, fundamentally 

changing their character and ecological function across the southern tip of Florida. 

The C-111 Spreader Canal RCC Adaptation Pilot Project used the (then) recently issued USACE 

(2009) guidance on sea level rise, Water Resources Policies and Authorities Incorporating Sea-

Level Change Considerations in Civil Works Programs (Engineer Circular [EC] 1165-2-211), to 

estimate the impact of global sea level rise on restored habitat in Florida Bay and the freshwater 

wetlands lying to the north. EC 1165-2-211 specified that projected local relative sea level 

change for a given area should account for both global (eustatic) sea level rise and local changes 

in the elevation of the land surface.1 Under this (and subsequent) guidance, USACE is required 

to consider current trends as well as an intermediate and a high scenario of projected global sea 

level change for the project area. In Florida Bay, the range of future sea level change considered 

was 1 to 5 feet above current mean levels.  

Analysis of sea level rise change showed that the restored near-shore low-salinity habitat would 

naturally relocate landward as sea levels rise, but freshwater habitats immediately inland of the 

coast are likely to be lost in proportion to the amount of sea level rise. Additional delivery of 

                                                 
1 These included tectonic changes (uplift and down-dropping of the crust) and isostasy (the regional rise and fall of 

the Earth’s crust in response to the addition [or removal] of sediment or ice). 
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freshwater not currently available to the system would be required to prevent such losses. The 

highest sea level change, 69 inches above mean sea level by 2100, is projected to lead to the 

gradual loss of all freshwater wetlands restored by this project.  

2.1.2 Climate Change Impact on the Operation of Coralville Lake, Iowa, Rock 

Island District 

Coralville Lake is a multipurpose reservoir in east-central Iowa located on the Iowa River just 

above Iowa City. In recent decades, inflow to the reservoir has been higher than the baseline 

observations that the project was designed to accommodate. Two of the largest floods since the 

dam was put into operation in 1958 occurred in 1993 and 2008, resulting in activation of the 

spillway (Figure 7) and downstream flooding of urban, rural, and agricultural areas. Both of 

these floods exceeded the largest historical event upon which the original dam and water control 

plan were developed.  

 
Figure 7: Coralville Lake spilling water during the flood of 2008. 
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The Coralville Lake RCC Adaptation Pilot Project sought to understand the hydrologic changes 

to the Iowa River that could occur due to future climate conditions and how and whether these 

changes could be used to guide updates to reservoir operating policies that would be robust with 

respect to climate change. 

Although the project team was able to simulate average hydrologic conditions in the Iowa River 

for future periods under a changing climate, the team was not successful in adequately capturing 

the range of variation in those conditions, including the magnitude of extreme high-flow events 

that could lead to overtopping of the spillway and downstream flooding. Though extremely 

useful in developing and testing methods to address hydrologic impacts of climate change, the 

pilot demonstrated that progress in actionable science would be required before 21st century 

climate scenarios would be appropriate for use in defining a new optimized release schedule for 

future major flood events. Therefore, as knowledge of climate-impacted hydrology improves, the 

results of this completed study should be revisited. 

2.1.3 Climate Change Associated Sediment Yield Impacts on the Rio Grande, 

Cochiti Dam and Lake, Albuquerque District 

The Cochiti Dam and Lake RCC Adaptation Pilot Project investigated the impacts of climate 

change on the hydrology and sediment yield of the Upper Rio Grande to determine whether 

climate change would affect sedimentation rates in the lake and therefore affect projected project 

lifetime. This was part of a paired basin study with Reclamation, which evaluated impacts on a 

USACE reservoir and a Reclamation reservoir in each of the Rio Grande Basin and the Upper 

Missouri Basin (described below). 

These studies were deemed important because changes in hydrology impact river and reservoir 

sedimentation, which in turn impact reservoir storage, channel stability, and channel conveyance. 

Model projections of future climate conditions in much of the western U.S. show increased 

aridity is likely to occur, leading to vegetation loss. This vegetation loss can result in greater 

erosion during increasingly intense precipitation events. Increased erosion translates into 

increased stream sediment load, which has the potential to change sedimentation in reservoirs 

and affect estimated project lifetime (Graf et al. 2010). So an important question is, will stream 

sediment load increase in projected climate scenarios, and what effect will this have on the 

project lifetime of reservoirs and the dams that impound them? 

Cochiti Dam is the only mainstem dam on the upper Rio Grande, providing flood risk 

management to the City of Albuquerque and numerous downstream communities. The Cochiti 

Dam and Lake RCC Adaptation Pilot Project addressed the question of whether climate change 

would increase the amount of sediment entering Cochiti Lake behind Cochiti Dam, impacting the 

capacity of the designated flood control storage and potentially shortening the project lifetime 

and impacting the flood control pool. 
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To answer this question, downscaled climate model projections of temperature and precipitation 

were input into hydrologic models that routed surface and groundwater flows to Cochiti Lake. 

The relationship between the amount water flowing into Cochiti Lake and the amount of 

sediment likely to settle out onto the 

lake floor (known as sediment yield) 

had been estimated by a prior 

Reclamation study (Kolk 2002). 

Consequently, sediment yield as the 

result of modeled inflows under future 

climate conditions could be estimated 

using current knowledge of inflow-

sedimentation relationships. Under 

most future climate scenarios, 

sediment yield was found to decline 

due to decreased flow volumes in the 

Rio Grande under an increasingly arid 

climate (Figure 8). 

2.1.4 Climate Change Associated Sediment Yield Impacts and Operation 

Evaluations at Garrison Dam, North Dakota, Omaha District 

The second paired basin study with Reclamation, the Garrison Dam RCC Adaptation Pilot 

Project, investigated the impacts of climate change on the hydrology and sediment yield of the 

Upper Missouri River to determine whether climate change would shorten the lifetime of the 

project through increased sedimentation or require a change of operations to manage changes in 

extreme flood events. As for the Cochiti Dam and Lake Pilot Study, for Garrison, downscaled 

climate model projections of temperature and precipitation were input into hydrologic models 

that routed surface and groundwater flows to Lake Sakakawea impounded behind Garrison Dam. 

Climate model projections for the Upper Missouri Basin call for an increase in temperature of 

about 0.5°C and 2.5°C and precipitation changes of about -5% to +25%. Hydrologic models 

projected an increase in pool elevations and releases for all climate scenarios, with increased 

water inflow accounting for the majority of the rise (not sedimentation). Counterintuitively, drier 

future scenarios posed greater flood risk due to changes in the timing of spring runoff. Further 

study suggested that coordinated changes in the operation of the six mainstem Missouri Basin 

dams, including Garrison, would be able to accommodate the changes in projected flows. 

 
 

Figure 8: Projected reductions in sedimentation at Cochiti 

Lake, New Mexico, compared the historical baseline, resulting 

from projected reductions in inflow. 
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2.2 FY2011 RCC Adaptation Pilot Projects 

Eleven adaptation pilot projects were funded in FY2011 under the RCC Program (for additional 

information, see Appendix A): 

• East Rockaway Inlet to Rockaway Inlet, New York, Collaboration Framework Development, 

New York District 

• Risk-Informed Decision Making for Potential Sea Level Rise Impacts on Wetland 

Restoration, Hamilton Wetland Restoration Project, California, San Francisco District 

• Framework for Building Resiliency into Restoration Planning Case Study—Lower Columbia 

River Estuary, Portland District 

• Upland Sediment Production and Delivery in the Great Lakes Region Under Climate 

Change, Detroit District 

• Climate Change Impacts on Water Supply in the Marion Reservoir Watershed, Kansas, Tulsa 

District 

• Missouri River Basin Mountain Snowpack—Accumulation and Runoff, Northwest Division 

• Red River of the North Flooding at Fargo, North Dakota, St. Paul District 

• Utilization of Regional Climate Science Programs in Reservoir and Watershed Risk-Based 

Assessments, Oologah Lake and Watershed, Tulsa District 

• Climate Modeling and Stakeholder Engagement to Support Adaptation in the Iowa-Cedar 

Watershed, Rock Island District 

• Formulating Mitigation/Adaptation Strategies Through Regional Collaboration with the Ohio 

River Basin Alliance, Huntington District 

• Risk-Informed Decision Making for Integrated Water Resources Management Planning, 

West Maui Watershed Project, Hawaii District. 

2.2.1 East Rockaway Inlet to Rockaway Inlet, New York, Collaboration 

Framework Development, New York District 

The East Rockaway Inlet to Rockaway Inlet RCC Adaptation Pilot Project sought to identify 

vulnerabilities to sea level rise of the Rockaway Peninsula, a barrier island formed at the mouth 

of Jamaica Bay on Long Island in the New York City Borough of Queens. Unlike many of the 

pilot studies, this study area is heavily urban, with more than 10,000 structures, including critical 

infrastructure such as a sewage treatment plant, a hospital, and numerous primary and secondary 

education facilities. As a low-lying barrier beach, the peninsula is subject to storm-induced 

recession and long-term erosion, problems likely to be exacerbated by sea level change and 

projected increases in storm surges associated with potentially larger storm events in the region. 

The study was designed to facilitate well-designed and inclusive multi-stakeholder collaboration 

with local decision makers for the purpose of identifying vulnerability to sea level change 

impacts, acceptable levels of risk, and the most acceptable alternatives over the project lifecycle. 



Report on Lessons Learned from USACE Climate Change  

Adaptation Pilot Projects—Fiscal Years 2010–2015 

19 

A major component of this study was the development of a multidisciplinary team of decision 

makers who collaboratively identified, inventoried, and mapped vulnerable areas, infrastructure, 

and critical facilities at greatest risk for repetitive sea level impacts. This Sea Level Change Risk 

Reduction Team (SLRRT) also investigated ways to reduce future risk from sea level rise along 

the peninsula.  

This adaptation pilot project was overcome by events in a dramatic manner when, just after the 

initial inundation maps were presented to the stakeholders in October 2012, Hurricane Sandy 

came ashore in the greater New York City metropolitan area. Moving slowly and merging with a 

large winter storm, Sandy produced a large storm surge that inundated most of the New Jersey 

and New York coastline, producing widespread flooding along the Jersey Shore, Staten Island, 

Manhattan, and Queens. As a low-lying barrier island, the Rockaway Peninsula sustained 

inundation consistent with the flooded areas identified by the study (Figure 9). USACE District 

staff and the SLRRT are now actively engaged in assisting with planning for future 

redevelopment of the peninsula as part of Sandy recovery. As a result, the pilot project merged 

into the larger post-Sandy effort.  

 
Figure 9: Much of the Rockaway Peninsula was destroyed by Hurricane Sandy in 2012. 

2.2.2 Risk-Informed Decision Making for Potential Sea Level Rise Impacts on 

Wetland Restoration, Hamilton Wetland Restoration Project, California, 

San Francisco District 

The Hamilton Wetland RCC Adaptation Pilot Project was initiated to evaluate the RIDM 

framework as a tool for adapting to potential sea level change. Climate change and sea level 

variability increase uncertainty associated with wetland restoration planning and management. In 

the San Francisco Bay Area, wetland restoration projects are at risk of inundation as sea level 
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rises, particularly at sites where hardened perimeters, urbanization, levees, or other barriers exist 

at the inland boundaries of restoration sites. These barriers constrain or prevent the inland 

migration of seasonal or transitional wetland areas as sea level rises over time. With the 

exception of the higher tidal marsh, much of the Hamilton site will likely revert to subtidal and 

mud flat habitat under all three sea level change  scenarios unless accretions of sediment occurs. 

Higher marsh areas will become tidal rather than seasonal, a tradeoff that planners and resource 

agencies have previously agreed would be acceptable at a landscape scale in this setting. RIDM 

uses a risk management framework to incorporate such uncertainties and tradeoffs into USACE 

decision-making processes (Figure 10). 

The initial Hamilton Pilot Study proposed to evaluate the RIDM framework by testing a 

hypothetical wetland restoration planning scenario modeled on the actual planning scenarios 

used for the Hamilton Wetland Restoration Project. Unlike the actual planning scenarios, this 

hypothetical pilot planning scenario would consider sea level change as part of the future with- 

and without-project conditions. 

However, since the pilot study began 

in 2011, USACE has modified and 

updated both its planning policies and 

its sea level change guidance. 

Accordingly, the initial Hamilton Pilot 

Study methods were updated to reflect 

these changes. In the updated pilot 

study, the alternatives analysis will 

include the following steps: 

• Incorporate SMART planning 

principles and guidelines (which 

include many RIDM principles). 

• Increase the design performance analysis period of the alternatives to 100 years. 

• Incorporate all three standard sea level change scenarios into the design performance analysis 

of alternatives. 

• Incorporate all three standard sea level change scenarios into the cost 

effectiveness/incremental cost analysis (CEICA) of alternatives. 

The results of the pilot study will facilitate the evaluation of performance risk tradeoffs between 

plan alternatives that maintain seasonal wetlands versus those alternatives that allow for seasonal 

wetlands to be sacrificed as sea level rises. This pilot study is ongoing. 

 
Figure 10: Restoration of the Hamilton Wetlands provides an 

important addition to estuarine habitats in San Francisco Bay. 
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2.2.3 Framework for Building Resiliency into Restoration Planning Case Study—

Lower Columbia River Estuary, Portland District 

Changing sea levels are anticipated to have strong impacts on the Lower Columbia River 

Estuary, the 145-mile stretch of tidally influenced river between Bonneville Dam and the Pacific 

Ocean. USACE has committed $150 million in FY2009–2018 for ecosystem restoration, 

research monitoring, and evaluation efforts on the estuary. Climate change impacts such as 

changing sea level, changes in storm frequency and intensity, and altered Columbia River flows 

have the potential to significantly impact the long-term effectiveness of these restoration efforts, 

particularly those designed to historical baseline conditions. The objective of the Lower 

Columbia River Estuary RCC Adaptation Pilot Project is to develop and test a replicable 

framework for incorporating climate change and building resiliency into aquatic ecosystem 

restoration planning. This framework includes both RIDM and adaptive management 

components. 

The first phase of the pilot included conducting two workshops with regional stakeholders and 

partners to establish consensus on the need for a planning process that accounts for climate 

change impacts, as well as consensus on how those impacts should be monitored and addressed. 

The vulnerabilities of restoration projects and of specific places on the landscape were identified, 

and project-specific risk assessments (risk registers) and thresholds that initiate particular 

management responses (adaptation measures) have been identified.  

Phase 2 of this project, initiated in 2014, was a project-specific activity to demonstrate how to 

incorporate climate change in an estuarine ecosystem restoration project. This phase used 

detailed climate change information and conceptual models of the project estuary to determine 

potential alternative design features that might be implemented to make the project more resilient 

to climate change impacts. Six potential adaptation measures were developed, consisting 

primarily of modifications to existing project features, such as adjustments to levee setbacks, 

channel shapes, and habitat gradients. The pilot demonstrated that there are often straightforward 

opportunities to include adaptation measures to not only enhance existing aquatic ecosystem 

restoration but also increase the resilience of these projects with respect to climate change. 

2.2.4 Upland Sediment Production and Delivery in the Great Lakes Region 

Under Climate Change, Detroit District 

The Great Lakes Region RCC Adaptation Pilot Project focused on sediment deposition at the 

mouths of two rivers: the St. Joseph River (located in Michigan and Indiana), which enters Lake 

Michigan through Detroit District’s St. Joseph Harbor (Figure 11), and the Maumee River 

(located in Ohio), which enters Lake Erie through Buffalo District’s Toledo Harbor. Sediment 

deposition in the harbors creates sizeable annual dredging requirements to maintain commercial 
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navigation. The pilot study harbors are 

considered representative of 

significant sedimentation and dredging  

issues at most of the 139 harbors 

USACE manages on the Great Lakes, 

and climate change impacts are likely 

to be similar across the region. 

This pilot study addresses the 

following central question: How will 

dredging cost requirements at Great 

Lakes harbors vary in the future as 

climate change affects precipitation 

regimes and stream runoff 

characteristics? To answer this 

question, the project team had to first determine the historical relationship between runoff 

volumes, storm event characteristics, and dredging costs. The outcome of this step was a 

determination of the types of precipitation events that cause the greatest impacts on sediment 

production at the harbor mouths. Projected future changes in precipitation were then modeled 

and the resulting surface water runoff and groundwater routed to streams. From these data, the 

future frequency of such precipitation events and associated sediment deposition were estimated, 

providing an initial estimate of future dredging needs and cost.  

2.2.5 Climate Change Impacts on Water Supply in the Marion Reservoir 

Watershed, Kansas, Tulsa District 

Marion Reservoir on the Cottonwood River in Kansas is a multipurpose project that is authorized 

for water supply, with 44,730 acre-feet (ac-ft) of reservoir water storage owned by the State of 

Kansas. The state in turn has water supply contracts with local communities, which will expire 

from 2021 to 2039. No allocation currently exists for future water supply storage. The current 

firm yield (the amount expected to be available even in drought years) is 33.5 ft3/s (5,719 ac-

ft/yr), is sufficient to satisfy the existing contract demand. However, it was unclear before this 

pilot whether firm yield in the future would be affected by climate change. 

The Marion Reservoir RCC Adaptation Pilot Project explored how information about projected 

future climate conditions can best be incorporated into decision making about the future firm 

yield available for allocation to communities via existing and future water supply contracts. 

Model projections of average future climate in the region indicated that the streamflow 

conditions at the reservoir will remain relatively unaffected (Figure 12), leading to no major 

changes in firm yield. The results of this study suggest that stresses resulting from climate 

change at Marion Reservoir as characterized by changes in mean temperature and precipitation 

 
Figure 11: St. Joseph Harbor, Michigan, is an important 

shipping channel maintained by the USACE Detroit District 

through an active dredging program. Future changes in 

harbor sedimentation may affect dredging costs. 
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will not negatively impact water supply capacity, and existing water supply contracts will 

continue to be met. However, extreme events influence firm yield, particularly extreme droughts, 

and considerably less certainty is associated with estimates of extremes than of means. As 

knowledge improves, the results of this completed study should be revisited. 

2.2.6 Missouri River Basin Mountain Snowpack—Accumulation and Runoff, 

Northwest Division 

Changes in snowpack in the western U.S. have been observed, and future changes are anticipated 

to significantly affect streamflow in western snow-dominated watersheds. Some regions are 

experiencing significant decline in snow pack volume, water content, and persistence into the 

spring. The Missouri River Basin gathers the snowmelt runoff from the eastern slopes of the 

Rocky Mountains in Montana and north central Wyoming and accumulates this runoff in the two 

uppermost Missouri River System reservoirs: Fort Peck and Garrison. During the 3-month period 

of spring runoff from May through July, nearly one-half the total annual runoff is introduced into 

the system. The size and volume of this runoff depends on the volume and snow water 

equivalent (SWE) of the prior winter’s mountain snowpack.  

 
Figure 12: Changes to the inflow hydrograph at Marion Reservoir under moderate (A1B) and high (A2) 

future greenhouse gas emissions. The boxplots depict 30-year period averages. 
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The Missouri River Basin RCC Adaptation Pilot Project assessed whether mountain snowpack 

and spring runoff are currently changing in response to recent warming trends and whether these 

changes make the Missouri River Basin more susceptible to droughts and floods. Analysis of 

historical snowpack data, stream gage records, weather data, and information about broader scale 

drivers of western precipitation (such as El Niño-Southern Oscillation [ENSO] cycle) showed 

little or no change in the date snow begins to accumulate in both basins, in SWE of the 

snowpack, or in the timing of peak SWE. Fort Peck Reservoir does not show any trend for May-

June-July (MJJ) runoff, but Garrison Reservoir (downstream of Fort Peck with a much larger 

watershed) shows a significant downward trend in MJJ runoff in the historical period. 

Hydrologic projections indicate a future in which mountain snowpack in the Upper Missouri 

River Basin has reduced SWE, earlier peak SWE in the spring, shorter times from peak SWE to 

melt-out, and decreasing net MJJ runoff. Garrison Reservoir shows a significant trend toward 

increasing variance in runoff. However, the methods used and the decision to rely on only a 

limited number of models prevented a complete assessment of future extremes (droughts and 

floods) on streamflow. As knowledge of projected snow-related factors improves, the results of 

this completed study should be revisited. The pilot study did identify an immediate need to apply 

a similar analysis to plains snowpack, which can be quite different from mountain snowpack and 

is a significant contributor to inflow for a number of USACE reservoirs and projects. As a result, 

a follow-on study was conducted (see 2.3.2 Modern and Projected Peak Snowpack and Runoff 

in the Upper Missouri River Basin, Northwest Division. 

2.2.7 Red River of the North Flooding at Fargo, North Dakota, St. Paul District 

In recent years, flooding has been a significant problem for the City of Fargo, North Dakota, 

with three of the largest six floods in the last 100 years occurring in the last 10 years, including 

the largest flood on record in 2009. An expert opinion elicitation panel conducted by the St. Paul 

District in 2009 concluded that the flood record shows an abrupt shift in maximum annual flows 

in 1942, although the reasons for this change in flood behavior were not determined. An 

assessment of future flows in the nearby James River indicates that by 2071–2099, the discharge 

of the 100-year flood may be 83% greater than at present (Raff et al. 2009).  

Given the recent increased flooding of the Red River of the North at Fargo, and given the 

projected increase in future flood discharge at the nearby James River, the Red River of the 

North RCC Adaptation Pilot Project is investigating whether tools and data exist for USACE to 

provide reliable estimates of future flooding in this river system. Because under a warming 

climate a greater share of the annual winter precipitation is likely to fall as rain, the study is 

attempting to assess how changes in precipitation patterns, form, and timing are likely to affect 

flood events in this historically snowmelt-dominated basin. Like other studies exploring future 

streamflow, the approach uses data from model projections of regional climate change to drive a 
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model of flow in the Red River of the North, simulating flood events in the watershed for 

historical and future time periods. This study is ongoing and has served as a test bed for climate 

hydrology tools under development. 

2.2.8 Utilization of Regional Climate Science Programs in Reservoir and 

Watershed Risk-Based Assessments, Oologah Lake and Watershed, Tulsa 

District 

Oologah Lake is a reservoir on the Verdigris River, approximately 27 miles north of Tulsa, 

Oklahoma. The Verdigris River arises in Kansas and flows roughly south to its confluence with 

the Arkansas River in Oklahoma. The Oologah Lake RCC Adaptation Pilot Project investigated 

how climate change analyses might proceed (e.g., Figure 13) when using a portfolio approach to 

evaluate impacts on the amount of water the reservoir can provide (its firm yield), as well as 

water quality and soil and water conditions in the watershed. The evaluation of analysis 

pathways included levels of effort for different stages in the planning process and hence could be 

of immediate value for other similar studies. The project also leveraged expertise from a range of 

institutions, including Reclamation, the University of Oklahoma, and NOAA’s Southern Climate 

Impacts Planning Program. A related study (Qiao et al. 2014) compared the use of dynamically 

downscaled and statistically downscaled techniques in the watershed, based on Coupled Model 

Intercomparison Project 3 (CMIP3) data and a single emissions scenario.  

 
Figure 13: Depiction of possible climate analysis pathway developed in the Oologah Pilot Study. 
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As with the Marion Reservoir RCC Adaptation Pilot Project, also on a tributary of the Arkansas 

River, the results of this adaptation pilot showed that while temperature increases are anticipated 

in the study area, changes in precipitation are less certain. Consequently, there is little anticipated 

change in reservoir firm yield. Models show neither an increasing nor a decreasing trend in firm 

yield through the end of the study period; future firm yield will likely be similar to the historical 

firm yield if the assumptions hold. Demand, however, may go up as the City of Tulsa and several 

other growing municipalities obtain water from this lake.  

The study used a Soil and Water Assessment Tool (SWAT [Arnold et al. 1998, Williams et al. 

2008]) model of the Verdigris River, as well as a CE-QUAL-W2 (Cole and Wells 2001), a water 

quality model, to assess how climate change may impact water quality throughout the Verdigris 

River watershed. Throughout the Verdigris River watersheds, models project runoff decreases 

from 0.6% to 80.6%, accompanied by reductions in herbaceous biomass production. Decreases 

from baseline in lakewide dissolved oxygen and algae concentrations were observed in most 

simulations, while higher than baseline concentrations for nutrient concentration were observed. 

There was no trend in phosphorous and total suspended solids in the model simulations. Thus, 

warming is anticipated to reduce water quality, with likely impacts on the optimality of lake 

habitat for current fish populations. As knowledge of climate-impacted hydrology improves, the 

results of this completed study should be revisited. 

2.2.9 Climate Modeling and Stakeholder Engagement to Support Adaptation in 

the Iowa-Cedar Watershed, Rock Island District 

The Iowa-Cedar River Basin, located in north central Iowa, contains three urban areas that have 

seen large-scale flooding three times in recent years. Both changing precipitation patterns and 

land use changes have been implicated as causes of the flooding. Of particular concern have been 

the urban development of farmland, the shift from crop to biofuel production, and the conversion 

of pasture to row crops. These changes affect precipitation, runoff, and infiltration rates, which in 

turn affect how much precipitation enters local streams and at what rate, ultimately contributing 

higher flood volumes downstream. 

The Iowa-Cedar RCC Adaptation Pilot Project incorporated shared vision planning (SVP) in an 

effort to help stakeholders identify common ground for understanding the economic, 

environmental, and social tradeoffs in the basin and to see how climate change scenarios affect 

these tradeoffs. In a series of five workshops focused on Indian Creek, a tributary of the Cedar 

River, stakeholders were guided through the watershed planning process to increase their 

understanding of, and to give definition to, the problems, objectives, adaptation strategies, and 

associated tradeoffs and uncertainties. 

The second phase of the study assessed how land use and climate changes affect hydrology in the 

basin, including a comparison of multiple hydrology models (Hydrologic Engineering Center-
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Hydrologic Modeling System [HEC-HMS] [USACE 2015a], SWAT, and Gridded Surface 

Subsurface Hydrologic Analysis [GSSHA] [Downer and Ogden 2003]). The analysis showed 

that one or more of these models may be appropriate depending on the questions to be answered. 

Because hydrologic models differ in complexity and required data, an important consideration in 

model selection is whether additional complexity is required to answer key. A more complicated 

model does not necessarily provide “better” results than a simple model, and more complex 

models require more time and data than simpler models. Therefore, a model should only be as 

complicated as is necessary to accurately model the system. In this case, the model results 

showed that tiled agricultural landscapes are more sensitive to changes in smaller, high-

frequency precipitation events than to changes in larger events. The reason for this is that during 

larger events, soil saturation is usually achieved, whereas for smaller events, the degree of soil 

saturation is variable, exerting a greater effect on runoff generation under future climate change 

scenarios (when the initial soil moisture may be lower). The results were similar for anticipated 

future changes to land use in the basin. The potential for increased drought under future climate 

change scenarios suggests increasing vulnerability of the tiled agricultural land. This information 

was provided to stakeholders to begin a dialogue on what changes in land use in the floodplain 

will be needed to adapt to changes in precipitation patterns anticipated to lead to greater future 

flooding. 

2.2.10 Formulating Mitigation/Adaptation Strategies Through Regional 

Collaboration with the Ohio River Basin Alliance, Huntington District 

Existing river basin alliances provide 

an opportunity to initiate the 

discussion of climate change impacts 

on navigation, recreation, flood risk, 

hydropower, ecosystem restoration, 

and other actions within an existing 

collaborative framework. The Ohio 

River Basin Alliance consists of four 

USACE Districts (Huntington, 

Louisville, Nashville, and Pittsburgh) 

and other Federal, state, local, 

conservation, academic, and nonprofit 

agencies and organizations concerned 

with water resources problems in the 

ORB (Figure 14). Climate change has 

the potential to significantly increase 

flooding in the watershed through 

 
Figure 14: Projected change in average annual streamflow for 

the ORB for the period 2071–2099 compared to the historical 

period. 
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larger, more intense storms, increased precipitation, and changes in vegetation that affect rates of 

runoff and infiltration in the watershed. 

The ORB RCC Adaptation Pilot Project pioneered the inclusion of climate change as an 

important focus of ORB Alliance activities. This adaptation pilot created a climate change 

working group within the ORB Alliance charged with refining and implementing a strategy for 

adapting to climate change using IWRM principles. The working group developed climate model 

projections for the basin and identified water resources, ecosystem resources, and infrastructure 

that are likely to be at risk under a changing climate. This effort is particularly timely as many 

flood storage facilities and local flood risk-reduction projects in the basin have reached sustained 

durations of operation (50–70 years). These facilities already require substantial rehabilitation, 

and it would be less costly to account for climate change during rehabilitation than later. Finally, 

the working group identified adaptation measures and strategies, including wetland restoration, 

floodplain reconnection, water consumption reductions, water harvesting, drought planning, 

increased management of acid mine drainage and nutrient inflow, adaptation of existing methods 

of power plant cooling to more recirculating facilities, expanded use of nonstructural flood 

damage reduction methods, additional monitoring for flow and water quality, better land use 

management, modification of reservoir control and management, and improved management of 

ecosystem stressors. 

2.2.11 Risk-Informed Decision Making for Integrated Water Resources 

Management Planning, West Maui Watershed Project, Hawaii District 

Despite popular perception that Hawaii is a moist tropical paradise, its location in the northern 

subtropics heightens its drought risk under a warming climate. Projected increases in aridity for 

the islands threaten native forests, streams, and wetlands and may increase land-based pollution 

in near-shore waters. Land-based pollution and rising ocean temperatures threaten Hawaii’s coral 

reefs. Climate change impacts fall on already severely stressed ecosystems struggling with 

changes in land use, increased tourism, and introduction of a wide range of non-native species. 

The West Maui Watershed Ridge to Reef (R2R) Plan is an interagency planning process 

designed to implement a comprehensive management strategy to address impacts on coral reefs 

across multiple watersheds using an IWRM framework (Figure 15). 

The West Maui RCC Adaptation Pilot Project leveraged the existing R2R planning process to 

address how a RIDM framework could be incorporated at the beginning of a collaborative 

planning process to create a place-based climate change adaptation strategy. The goal was to 

establish a process for including climate change in the early stages of a larger watershed 

planning process in West Maui and to ensure this process can be replicated elsewhere in Maui 

and the other Hawaiian Islands where similar watershed planning efforts are underway. Over the 

course of three planning workshops, the interagency team has identified climate threats and risks 
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to the study area, incorporated climate change into key goals and objectives, developed a 

decision framework, and prioritized data gaps to guide future actions.  

2.3 Pilot Projects Initiated 2012–2015 

Four studies were undertaken in the period 2102–2015 under the RCC Program (for additional 

information, see Appendix A): 

• Climate Change Impact Evaluation: Impacts to Hurricane Storm Surge Inundation Resulting 

from Sea Level Change, Chesapeake Bay, Baltimore District 

• Modern and Projected Peak Snowpack and Runoff in the Upper Missouri River Basin, 

Northwest Division 

• Implementing a Climate Change Project Under a Regional Integrated Water Resources 

Management Plan: The Los Angeles Basin Stormwater Conservation Study, Los Angeles 

District 

• Historical Trends and Future Projections of Climate and Streamflow in the Willamette Valley 

and Rogue River Basins, Portland District. 

 
Figure 15: Lance Gilliland discusses shoreline restoration and sustainable development approaches with 

participants in the decision framework workshop held in April 2012 at Honua Kai. 
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2.3.1 Climate Change Impact Evaluation: Impacts to Hurricane Storm Surge 

Inundation Resulting from Sea Level Change, Chesapeake Bay, Baltimore 

District 

This study assessed the impact of sea level rise on coastal flooding in Chesapeake Bay and the 

lower Delaware River during hurricanes of different magnitudes (Chesapeake Bay RCC 

Adaptation Pilot Project). The study relied on existing models of coastal storm surge, including 

NOAA’s Norfolk Sea, Lake, and Overland Surge from Hurricanes (SLOSH) Basin “maximum of 

maximums” (MOM) model that NOAA uses to identify areas that have some risk of inundation 

from a hurricane of a given category. The team compared the effects of sea level rise alone (the 

“bathtub method”) to sea level rise in combination with how water typically circulates within the 

study area during hurricanes (the “model method”). Following USACE EC 1165-2-212, Sea-

Level Change (SLC) Considerations for Civil Works Programs, three scenarios of sea level rise 

(low, medium, and high) were considered. Each of these three sea level rises were considered for 

two different future periods centered on 2040 and 2100 for four different categories of hurricane 

strength (Categories 1–4 on the Saffir-Simpson hurricane wind scale). 

The modeling showed that under Category 1 conditions, seashore areas facing the Atlantic were 

likely to exhibit storm surges above the average expected storm surge increase due to sea level 

rise, while other coastal regions were closer to average values. Under Category 4 conditions, 

areas at risk for higher storm surge are located more inland, away from the barrier beaches. 

Barrier beaches in the model had generally lower storm surges than expected. The reason for 

these differences was not clear and may be related to shoreline topography and bathymetry. 

Preliminary results suggested that the simplified bathtub method performed as well as the more 

complex, more detailed model method. The researchers suggested a repeat analysis in another 

SLOSH basin as a way to address some of these uncertainties. 

2.3.2 Modern and Projected Peak Snowpack and Runoff in the Upper Missouri 

River Basin, Northwest Division 

The Missouri River Basin RCC Adaptation Pilot Project led to a follow-up study of current and 

projected mountain snowpack in the upper reaches of the Missouri River Basin. The Modern and 

Projected Peak Snowpack and Runoff in the Upper Missouri River Basin Adaptation Pilot 

Project (Lake Sakakawea RCC Adaptation Pilot Project) was a collaboration between USACE 

Northwest Division and USGS. The study investigated historical (1992–2011) and projected 

(2012–2099) trends in peak snow depth and spring runoff in a pair of nested watersheds that 

combined form the watershed for Lake Sakakawea: the Fort Peck Reservoir watershed and the 

Lower Lake Sakakawea watershed. It also investigated the conditions that led to significant 

flooding in the area in 2011 and evaluated whether these same conditions were likely in the 

future. The study developed multivariable regression equations to relate precipitation data in 

Parameter-elevation Relationships on Independent Slopes Model (PRISM) runs of the historical 
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baseline period, calibrated the models, and applied these regression models to projected 

hydrometeorological model data for the watersheds separately and as a single unit. The project 

only considered future snowpack and runoff under the A2 and relative concentration pathway 

(RCP) 8.5 scenarios, both of which assume continued reliance on fossil fuels for energy and 

produce the largest gains in temperature by 2100 across scenarios considered. The projected data 

covered the period 2012–2099; however, because the precipitation, temperature, and other 

modeled independent variables for the regression models were outside the range of historical 

values for the period 2060–2099, these results for the second half of the 21st Century are 

considered less reliable than for the period 2012-2059.  

The study found significant projected reductions in annual peak snowpack and runoff in the Fort 

Peck watershed but not in the Lower Sakakawea watershed in the historical period. The authors 

attributed this difference to the overall lower elevation of the Fort Peck watershed compared to 

the headwaters for the Lower Lake Sakakawea watershed, as warming in the Fort Peck 

watershed was more likely to raise temperatures above freezing. In addition, projected trends in 

runoff were projected to negatively impact hydropower production at Fort Peck Dam but not at 

Garrison Dam (which impounds Lake Sakakawea). Finally, the models produced two flood 

maxima as great as the 2011 flood, but none significantly larger. The results of this study have 

been published as a USGS Scientific Investigations Report (Stamm et al. 2015). 

2.3.3 Implementing a Climate Change Project Under a Regional Integrated 

Water Resources Management Plan: The Los Angeles Basin Stormwater 

Conservation Study, Los Angeles District 

The USACE Los Angeles District (SPL) partnered with the Department of the Interior, 

Reclamation, and the Los Angeles County Flood Control Department (LACFCD) to analyze 

future stormwater runoff through the region’s extensive stormwater channel system (Los 

Angeles Basin RCC Adaptation Pilot Project). Given projected regional water supply and 

demand, the study used climate, land surface, and hydrologic models to evaluate how well the 

current system of stormwater capture and groundwater recharge will perform under expected 

increases in storm size and whether sufficient water could be captured to offset projected 

increases in drought and evapotranspiration, reductions in snowpack, and increases in 

population. The study was conducted as a specific investigation under the umbrella of the 

Greater Los Angeles County (GLAC) Regional Water Management Authority as part of its 

Integrated Regional Water Management Plan. The final outcome and recommendations of this 

study will serve as a guiding document for further local water supply development planning, 

financing strategy, and policy adoption at the LACFCD and other water supply organizations 

(Reclamation 2013). 
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As part of this project, a workshop was conducted at SPL to evaluate climate change 

vulnerabilities across USACE business lines. The workshop showed that while water supply was 

a concern, the major vulnerabilities are in the flood risk management and coastal storm damage 

reduction business lines. Both of these have the potential for significant increases in life safety 

and economic risk under future climate scenarios. 

As a study in support of the GLAC Regional Water Management Authority’s IWRM plan, this 

project highlighted the importance of long-term regional water resources management for 

addressing climate change impacts on regional hydrology. Regional water resources 

management organizations require long-term, local, and regional leadership and broad-based 

participation to be effective in this arena. Federal agencies can play significant supporting roles 

in addressing regional climate change impacts, adding significant technical capacity to support 

decision making. However, local and regional commitments are necessary to lead such efforts. 

2.3.4 Historical Trends and Future Projections of Climate and Streamflow in the 

Willamette Valley and Rogue River Basins, Portland District 

The USACE Portland District (NWP) partnered with the Oregon Climate Change Research 

Institute at Oregon State University to analyze the effects of future climate change on water 

management in the Willamette and Rogue River Basins (Willamette and Rogue RCC Adaptation 

Pilot Projects). NWP manages dams, reservoirs, and other projects such as fish facilities in the 

Willamette and Rogue River Basins. They must balance competing needs, including flood risk 

reduction, water supply storage, hydropower, and environmental objectives. This pilot study 

examined observed and projected changes in hydrologic variables to improve understanding of 

future management challenges.  

The study found that minimum and maximum temperature increased between 1901 and 2013, 

with rates ranging from between 0.5°F and 3.9°F per century. Observed precipitation was 

variable but did exhibit increases in spring and summer for most stations and in winter and fall 

for about half of the stations. No significant trend was observed in SWE. In comparing 

streamflow hydrographs between two periods (1941–1970 and 1981–2010), the study found that 

runoff in rain-dominated basins changed between the two periods consistent with flood control 

management: winter streamflow decreased and summer streamflow increased. On the other 

hand, in snow-dominated basins, the study found a shift from winter and early summer 

streamflow peaks to a more stable runoff pattern from December through May.  
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The study projected increases in minimum, average, and maximum temperature and decreases in 

SWE. Projected precipitation was variable, without a consistent magnitude or direction of change 

across the study area. Streamflow projections exhibited seasonal changes, with winter 

(December-January-February) streamflow increasing and summer (June-July-August) 

streamflow decreasing. Peak flows are also projected to increase, especially for shorter return 

periods.  

These results indicated that, like other pilot areas studied, the Willamette and Rogue River 

Basins are expected to experience both more floods and more droughts. These changes are 

expected to increase already existing stressors on water management in the study area. An 

additional study based on updated climate modeling is needed to better characterize future 

projected conditions and how these will impact water management within the study area. This 

pilot project provided a good foundation for developing such a follow-on study.  
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3. Methods and Approaches Used in RCC Adaptation 

Pilot Projects 

All of the RCC Adaptation Pilot Projects rely on model projections of climate change that 

provide input into modeled sea level rise and modeled future average flows and flood flows 

through our Nation’s streams. In addition, many of the studies, either explicitly or implicitly, 

employ the RIDM or IWRM framework or both in framing the study and managing the different 

kinds of collaborations involved. The successes in applying these methods and approaches have 

been mixed depending on the available data, its resolution, and the question being addressed.  

This chapter reviews the methodologies and approaches used in the RCC Adaptation Pilot 

Projects. For each approach, the successes and failures as applied in the RCC Adaptation Pilot 

Projects are reviewed (Table 2). The projects are grouped as follows: 

• Project planning: RIDM 

• Project planning: IWRM and the SVP process 

• Coastal ecosystem restoration and flood risk reduction: Sea level rise 

• Water supply, navigation, flood risk management, and ecosystem restoration studies: Climate 

change impacts on inland hydrology. 
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Table 2: RCC Adaptation Pilot Study Status and Focus Areas. 

Status Adaptation Pilot Project Title USACE Business 
Line 

Functional 
Areas 

Focus for Policy Guidance 

Complete 1. Application of Sea Level Change Guidance to the C-111 Spreader Canal, 
Jacksonville District 

Ecosystem 
Restoration 

Operations & 
Management 

Sea Level Change; Ecosystem 
Restoration 

Complete 2. Climate Change Associated Sediment Yield Impacts on the Rio Grande, 
Cochiti Dam and Lake, Albuquerque District 

Flood Damage 
Reduction 

Operations & 
Management 

Sediment Impacts 

Complete  3. Climate Change Impact on the Operation of Coralville Lake, Iowa, Rock Island 
District 

Flood Damage 
Reduction 

Operations & 
Management 

Reservoir Management 

Complete 4. Climate Change Associated Sediment Yield Impacts and Operation 
Evaluations at Garrison Dam North Dakota, Omaha District 

Flood Damage 
Reduction 

Operations & 
Management 

Sediment Impacts 

Overcome by 
Events 
(Hurricane 
Sandy) 

5. East Rockaway Inlet to Rockaway Inlet, New York, Collaboration Framework 
Development, New York District 

Coastal Damage 
Reduction 

Planning Risk Adaptation; Flood Risk 
Reduction 

Complete 6. Upland Sediment Production and Delivery in the Great Lakes Region Under 
Climate Change, Detroit District 

Navigation Operations Sediment Impacts 

Active 7. Risk-Informed Decision Making for Potential Sea Level Rise Impacts on 
Wetland Restoration, Hamilton Wetland Restoration Project, California, San 
Francisco District 

Ecosystem 
Restoration 

Planning Coastal Wetland Restoration 

Complete 8. Climate Modeling and Stakeholder Engagement to Support Adaptation in the 
Iowa-Cedar Watershed, Rock Island District 

Multiple: Flood 
Damage Reduction; 

Ecosystem 
Restoration 

Planning Flood Risk Reduction 

Complete 9. Framework for Building Resiliency into Restoration Planning Case Study—
Lower Columbia River Estuary, Portland District 

Flood Damage 
Reduction 

Planning Estuarine Habitat Restoration 

Complete 10. Climate Change Impacts on Water Supply in the Marion Reservoir Watershed, 
Kansas, Tulsa District 

Water Supply Operations & 
Management 

Water Supply 

Complete 11. Missouri River Basin Mountain Snowpack—Accumulation and Runoff, 
Northwest Division 

Flood Damage 
Reduction 

Operations Snowpack 

Complete 12. Modern and Projected Peak Snowpack and Runoff in the Upper Missouri River 
Basin, Northwest Division 

Water Supply Operations Snowpack 

Complete 13. Formulating Mitigation/Adaptation Strategies Through Regional Collaboration 
with the Ohio River Basin Alliance, Huntington District 

Navigation; Flood 
Damage Reduction 

Planning Multipurpose, Watershed 
Planning 

Complete 14. Utilization of Regional Climate Science Programs in Reservoir and Watershed 
Risk-Based Assessments, Oologah Lake and Watershed, Tulsa District 

Multiple Operations & 
Management 

Sediment Impacts 



Report on Lessons Learned from USACE Climate Change  

Adaptation Pilot Projects—Fiscal Years 2010–2015 

37 

Status Adaptation Pilot Project Title USACE Business 
Line 

Functional 
Areas 

Focus for Policy Guidance 

Complete 15. Red River of the North Flooding at Fargo, North Dakota, St. Paul District Flood Damage 
Reduction 

Operations Flood Risk Reduction 

Complete 16. Risk-Informed Decision Making for Integrated Water Resources Management 
Planning, West Maui Watershed Project, Hawaii District 

Multiple Planning Risk Assessment 

Complete 17. Climate Change Impact Evaluation: Impacts to Hurricane Storm Surge 
Inundation Resulting from Sea Level Change, Chesapeake Bay, Baltimore 
District 

Flood Damage 
Reduction 

Planning Sea Level Change; Coastal Storm 
Damage Reduction 

Complete 18. Implementing a Climate Change Project Under a Regional Integrated Water 
Resources Management Plan: The Los Angeles Basin Stormwater 
Conservation Study, Los Angeles District 

Multiple Planning Water Supply; Flood Risk 
Reduction 

Complete 19. Historical Trends and Future Projections of Climate and Streamflow in the 
Willamette Valley and Rogue River Basins, Portland District 

Multiple Operations Flood Risk Reduction; Water 
Supply 
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3.1 Project Planning: RIDM 

All USACE projects begin with an extensive planning phase that ascertains whether a problem 

exists that needs to be solved by the Federal Government and, if so, identifies the most cost-

effective solution. Previously, an assumption of stationarity in hydrologic time series guided 

project planning (i.e., the past is indicative of the future). This assumption provided baseline 

conditions against which project designs could be compared. However, there has been increasing 

recognition that future conditions may in some cases be quite different that the baseline 

conditions representing the past, particularly given changes in land use and climate. Planning 

that takes nonstationarity into account represents a new direction for USACE planning 

practice—one that encourages collaboration and flexible decision making and acknowledges that 

the information available about the past, by itself, cannot be reliably used to forecast future 

conditions. 

RIDM is a structured approach to planning a project that explicitly considers risks and 

uncertainties. A risk is the product of a particular event’s likelihood of occurrence and its 

consequence. For example, given a rainfall event in which 2 inches of rain fall in an hour, what 

is the likelihood that streamflows will result that are large enough to overtop river banks and 

flood a community? Uncertainty refers to a lack of information about something, whether about 

the consequence (e.g., impact of flooding on a town) or the occurrence of an event (e.g., how 

likely it is for a storm to drop 2 inches of precipitation in an hour). As discussed previously, 

climate change increases uncertainty because (1) the rate of change itself appears to be changing; 

(2) feedbacks can enhance or reduce consequences in unexpected ways; and (3) our knowledge 

of the climate system, and models of that system, is incomplete. 

RIDM is a process for describing and, to the extent possible, quantifying the risks from climate 

change so project planners can decide on cost-effective strategies for reducing the effects of 

climate change on their project or for adapting their project to projected consequences of climate 

change. The process involves identifying potential project risks due to climate change; assessing 

the likelihood of these risks and the likely magnitude of the consequences; and then developing 

cost-effective solutions that reduce risk while making a project more robust and more resilient 

(adapted) to climate change. Part of the goal of RIDM is to make climate change risks explicit to 

sponsors, stakeholders, and partners and to engage them in the process of determining how best 

to reduce these risks to a project since they bear part of the project cost and the impacts if a 

project fails due to a changed climate. Another goal is to assess collectively whether a risk is 

sufficiently high to warrant action (e.g., will the consequence have a big impact on the project 

and, if so, how likely is it to occur?). 
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3.1.1 RIDM in the RCC Adaptation Pilot Projects 

A draft RIDM framework was issued in 2011 (USACE 2011b), and a number of the pilot 

projects include testing the RIDM framework as one of their goals. The framework is currently 

under revision based on the preliminary results of the pilot projects and internal review. The 

revised RIDM framework will be the foundation for developing strategies to incorporate climate 

change into decision making within USACE. RIDM application areas in RCC Adaptation Pilot 

Projects include ecosystem restoration, flood risk management, and water management. 

The following pilot projects explicitly tested the RIDM framework: 

• Hamilton Wetland RCC Adaptation Pilot Project 

• West Maui RCC Adaptation Pilot Project 

• Lower Columbia River Estuary RCC Adaptation Pilot Project 

• Oologah Lake RCC Adaptation Pilot Project. 

In addition, the Iowa-Cedar RCC Adaptation Pilot Project used a non-RIDM risk-based 

framework in multi-stakeholder discussions of climate change impacts on a small tributary creek 

within the Iowa-Cedar watershed. Finally, two projects examined climate change impacts as a 

component of regional RIDM-based analyses of sea level rise. These projects are discussed in 

Section 3.3.2. 

The use of RIDM and the non-RIDM risk-based framework for each of these projects is 

described below. 

3.1.1.1 Hamilton Wetland RCC Adaptation Pilot Project 

The Hamilton Wetland RCC Adaptation Pilot Project tested the application of the RIDM 

framework to the project planning phase through the application of the SMART planning 

framework, including the use of a risk register. The project team applied the framework 

retrospectively, essentially asking whether project design would have been different had the 

RIDM and SMART planning frameworks and recent sea level rise guidance been applied to 

project design. The activity emphasized developing the USACE team’s familiarity with new 

planning processes and minimized the involvement of external stakeholders. For this project, the 

primary risk to wetlands development is from sea level rise. However, the overall risk to the 

project from sea level rise is limited by the absence of wetlands presently at the site and the 

assumption that the exact wetland composition was less important than the regeneration of any 

kind of wetland at the site.  
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3.1.1.2 West Maui RCC Adaptation Pilot Project 

The West Maui RCC Adaptation Pilot Project tested the utility of the RIDM framework for 

collaboratively identifying climate risks and developing strategies for adapting to climate change 

in the context of a larger watershed assessment framework. The project leads worked closely 

with individuals from Federal and state agencies, the county of Maui, and key non-governmental 

organizations to develop a shared vision for the health and vitality of watersheds in West Maui as 

part of the West Maui R2R Initiative. Reaching a consensus on likely climate change impacts on 

the watersheds was a key outcome of a series of workshops conducted with stakeholders and 

partners. Workshop participants used the RIDM framework to identify climate risks and tracked 

these risks using a risk register. A risk register is a spreadsheet that identifies and describes each 

risk to a project; explicitly lists possible mitigation actions; and documents decisions made with 

respect to risk severity, project vulnerability, and mitigating actions taken. Although many of the 

climate threats to the watershed are less urgent than existing pollution and other problems, the 

project team felt that achieving awareness now is a necessary prelude to future action. 

3.1.1.3 Lower Columbia River Estuary RCC Adaptation Pilot Project  

The Lower Columbia River Estuary RCC Adaptation Pilot Project tested the utility of the RIDM 

framework as a means for collaboratively evaluating climate risks to ecosystem restoration 

projects and building resilience into restoration planning. This is critical because USACE has 

already committed $150 million for ecosystem restoration, research, and monitoring for 

FY2009–2018 without explicit consideration of climate change impacts that could significantly 

alter project benefits. Through two informational webinars and two workshops, participants 

collaboratively established a common understanding of current ecosystem restoration goals and 

priorities and discussed how climate change information could be used to inform current and 

future restoration planning efforts. Particular emphasis in Phase 2 was placed on the explicit 

integration of climate change risk into the standard USACE six-step planning process. The 

approach is bottom-up, considering first the vulnerabilities of restoration features to climate 

change and then identifying potential thresholds that, when crossed, may trigger changes in 

project function, operation, or design. An adaptive management approach, which continually 

assesses how well restoration features are functioning and recommends changes to maintain 

functionality, was identified as essential for responding flexibly to climate change over the long 

term. Computer modeling of estuary hydrology under changing climates was used to explore 

methods for including climate change in determining whether a project is feasible. 

3.1.1.4 Iowa-Cedar RCC Adaptation Pilot Project 

The Iowa-Cedar RCC Adaptation Pilot Project tested the appropriate integration of climate 

information to improve understanding of and adaptation to changing conditions within the 

watershed of Indian Creek, a tributary within the Iowa-Cedar basin. Because climate change has 
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the potential to exacerbate existing flooding problems in the basin, there is a significant need to 

identify common ground; understand economic, environmental, and social tradeoffs for proposed 

actions within the basin; and investigate how future climate change may affect these tradeoffs. 

Although a RIDM framework was not explicitly used, there was a similar emphasis on 

stakeholder engagement in a series of three workshops that addressed existing and future threats 

to the watershed, identified potential actions that could be taken, and identified ways to gauge 

the effectiveness of these actions (also known as metrics). Hydrologic models were then used to 

simulate future streamflow and flood conditions along Indian Creek and how changes in land use 

and other activities could alter these conditions. This information was used in a series of two 

additional workshops that discussed tradeoffs necessary to address climate change impacts and 

land use change issues and how to deal with uncertainty regarding future conditions. The final 

workshop consisted of a mock decision-making event that investigated how to effectively use all 

this information to create a robust climate-change-informed, basin-wide watershed plan. 

3.1.1.5 Oologah Lake RCC Adaptation Pilot Project 

In contrast to other RIDM projects, the Oologah Lake RCC Adaptation Pilot Project 

implemented a top-down approach leveraging existing relationships with the University of 

Oklahoma, NOAA’s Southern Climate Impacts Planning Program, and the Department of the 

Interior’s South-Central Climate Science Center. While model results provided insights into 

future conditions of the reservoir and watershed, there were challenges integrating this 

information into a RIDM framework in a manner compatible with the USACE CW planning 

process. Instead, the participants concluded that for reservoir operations projects, RIDM might 

be more effectively implemented in a step-wise process similar to dam and levee safety 

programs. This process might consist of an initial screening of reservoir status; prioritization of 

reservoirs at risk due to condition, capacity, or population served; and, for high-priority 

reservoirs, assessment of vulnerability to climate change using downscaled model projections of 

future climate and hydrologic changes. 

3.1.2 Assessment of the Application of RIDM in the RCC Adaptation Pilot 

Projects 

RIDM, whether using the RIDM framework or not, provided a successful means for project team 

members to understand the risks and uncertainties relating to climate change and convey this 

information to regional partners and stakeholders. Using a risk-informed approach allowed teams 

to better prioritize the threat from climate change relative to other problems and led to the 

recognition that pollution, habitat degradation, and land use change pose more immediate threats 

than climate change. Simultaneously, the effort also raised awareness of the potent long-term 

threat of climate change on the study areas, paving the way for integrating climate change 

impacts into the regional long-term planning process. 
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3.2 Climate Change, IWRM and the SVP Process 

IWRM is a process for making decisions about and taking actions on the development and 

management of water, land, and related resources that takes the views and needs of all 

stakeholders into account. The goal is to maximize economic and social welfare in an equitable 

manner while preserving the sustainability of vital ecosystems. This holistic approach is very 

powerful in situations where water is limited and allocation tradeoffs must be made. Managing 

these tradeoffs among multiple stakeholders will become increasingly important over the next 

century because climate change is expected to cause or contribute to future water shortages in 

many areas of the United States (Melillo et al. 2014). The IWRM framework allows the impact 

of climate change to be considered in light of all existing and planned water resources projects, 

stressors, and changes in the basin so integrated solutions can be developed. This process avoids 

duplication of effort and facilitates identification of efficient, cost-effective solutions to water 

resources problems. 

SVP is a collaborative approach to developing solutions to water management issues that 

combines traditional water resources planning with structured public participation and 

collaborative computer modeling. Because the goals of SVP are to improve the economic, 

environmental, and social outcomes of water management decisions, SVP provides a method for 

stakeholder collaboration under an IWRM framework. Through the SVP process, stakeholders 

converge on a common understanding of a natural resource system and are able to use a 

consensus-based forum to identify tradeoffs and new management options. User-friendly, 

understandable computer models of climate change impacts that are relevant to stakeholder 

interests and adaptable to changing conditions are essential tools made available to stakeholders 

to aid in their decision making. 

3.2.1 Ohio River Basin RCC Adaptation Pilot Project 

Within the existing structure of the ORB Alliance, the ORB RCC Adaptation Pilot Project seeks 

to expand the ORB Alliance scope to include consideration of climate change impacts on water 

resources availability. The IWRM framework was selected because water resources allocations 

are already a persistent problem in the basin and it is not clear whether this problem will worsen 

as climate changes. A diverse group of partners and stakeholders (including Federal agencies, 

non-Federal agencies, non-governmental organizations, and academic institutions) has been 

brought together to help develop a consensus on climate change impacts on the basin and how 

these impacts are likely to affect water resources allocations given existing and projected 

competing demands for water. The project established a climate change working group within 

the ORB Alliance, defined study objectives, modeled climate change impacts on streamflow in 

the Ohio River, and identified ecosystems and water resources infrastructure (e.g., dams, levees, 

locks, and irrigation ditches) that may be at risk due to climate change. The project also 
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identified adaptation measures and strategies together with stakeholders and prepared a report 

documenting the project. Next steps include sharing the information and lessons learned with 

basin communities. 

3.2.2 Iowa-Cedar RCC Adaptation Pilot Project 

The Iowa-Cedar RCC Adaptation Pilot Project implemented SVP as a way of getting 

stakeholders to reach consensus on the level of risk they are willing to take with respect to 

flooding in the Indian Creek watershed. Stakeholders were provided with computer models 

showing how flooding under future climate scenarios may impact the watershed and were guided 

through the process of determining whether the threshold of acceptable risk is likely to be 

exceeded in the future. Over a series of five workshops, they were guided through the planning 

process: (1) clarifying goals, objectives, and perceived problems; (2) describing existing 

conditions; (3) describing future streamflow conditions under a range of land use and climate 

change scenarios; and (4) identifying and evaluating actions to achieve their goals and objectives 

under future conditions. This process allowed stakeholders to organize their thinking in a way 

that facilitated effective decision making and helped frame what steps the group could take to 

reduce future risk from flood events resulting from changes to climate, land use, and other 

watershed conditions. The process enabled stakeholders to better understand current trends of 

more frequent and more extreme flood events and the combined roles that climate change, land 

use change, and other factors in the watershed play in determining flood risk. The participants 

understood that actions will likely require a combination of structural and nonstructural 

solutions, including moving out of the floodplain where possible and appropriate and changing 

floodplain zoning regulations. 

3.2.3 West Maui RCC Adaptation Pilot Project 

The West Maui RCC Adaptation Pilot Project used a combination of IWRM and SVP to guide 

stakeholders in employing RIDM in the assessment of climate change and other risks to the 

watershed. IWRM was critical for framing the project at the watershed level, identifying impacts 

on the watershed from current practices and climate change, and identifying potential 

stakeholders and partners. Over a series of workshops and meetings, the SVP process was used 

to create a sense of community engagement and stewardship and to help reach stakeholder 

consensus on objectives, problems, and potential solutions. SVP provided a collaborative process 

for selecting and adjusting the technical analysis tools to fit the unique needs of stakeholders as 

they wrestled with a breadth of technical, ecological, social, and economic issues. 
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3.2.4 Los Angeles Basin RCC Adaptation Pilot Project 

The Los Angeles Basin RCC Adaptation Pilot Project was a collaboration among state and 

Federal partners to provide technical analysis in support of the GLAC Regional Water 

Management Authority. This project did not directly involve coordination and outreach (such as 

SVP and RIDM). However, the technical information is intended as a critical input to the 

GLAC’s integrated regional watershed plan, and in that way supports the application of IWRM 

to watershed issues in the Los Angeles Basin. 

3.2.5 Assessment of IWRM and SVP in the RCC Adaptation Pilot Projects 

Pilot project participants felt that IWRM and SVP provided a good structure for sustaining the 

involvement of a range of stakeholders in the process of planning for climate change impacts on 

watersheds. Given the complexity and technical nature of the issues involved, these tools helped 

achieve consensus on the nature and gravity of future threats to the study areas, a sense of the 

limits of current understanding, and the potential broad scope of mitigation and adaptation 

actions. Such consensus among stakeholders is the necessary prelude to an effective response at 

the watershed scale. 

Comparison of the RCC Adaptation Pilot Projects that evaluated aspects of IWRM planning 

shows the earliest steps in the USACE planning process (identify problems and opportunities; 

inventory existing conditions; and forecast future conditions) are the steps in which tools such as 

SVP and the discussion of risk due to climate change play a significant role. This is best shown 

by the West Maui and Iowa-Cedar RCC Adaptation Pilot Projects, both of which used a 

geographically constrained sub-basin of the original study area to facilitate stakeholder 

interactions. Both projects were effective at conveying climate change uncertainty and risk 

across a range of stakeholder groups. In contrast, the two studies focusing on larger watersheds 

(ORB and Los Angeles River Basin) relied on groups of experienced staff from local, state, and 

Federal agencies. While they did use consensus-building activities, they were also able to use 

sophisticated modeling tools to generate more data-rich assessments of specific impacts on 

natural, water, cultural, and economic resources (Table 3). 
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Table 3: Comparison of RCC Adaptation Pilot Studies That Focused on IWRM. 

Attribute West Maui Iowa-Cedar Ohio River Basin LA Stormwater 
Purpose Sediment and pollution 

impacts on stream mouth 
coral reefs 

Flood risk 
management 

Regional climate change 
impacts 

Water supply 

Part of USACE 
planning cycle 
addressed 

Problems and 
opportunities; 

inventory and forecast 

Problems and 
opportunities; 

inventory and forecast; 
formulate alternative 
plans 

Problems and 
opportunities; 

inventory and forecast; 
formulate alternative plans 

Inventory and 
forecast; formulate 
alternative plans 

Geographic scale Tributary Tributary  Major watershed Major watershed 

Partnering Limited to watershed 
assessment partners 

Geographically limited 
but inclusive within 

ORBA members LACFCD, 
Reclamation 

Scenario planning  X  X 

SVP X X   

RIDM X X X  

Adaptive 
management 

X    

Holistic—working 
across scales 

 X X  

Success metrics  X 
 

 

Integrative across 
natural, cultural, and 
economic arenas 

Focused on water quality 
and sediment 

X X Focused on water 
supply 

Outcome Common awareness of 
problems and 
opportunities among 
stakeholders to inform 
watershed planning 
process 

Support for Indian 
Creek Watershed 
Management Authority 
and its IWRM plan 

Common awareness of 
problems and 
opportunities among 
stakeholders to inform 
watershed planning 
process; identified 
possible adaptation 
options  

Water conservation 
alternatives 

3.3 Coastal Ecosystem Restoration and Flood Risk Reduction: 

Changing Sea Levels 

An important area of USACE concern is the condition of the Nation’s coastlines and how these 

are being damaged by climate change and other human activities. Coastal ecosystems provide 

important protection from storm surges, help protect inland groundwater from contamination by 

saline seawater, filter pollutants from freshwater entering the sea, and provide habitat for 

endangered animals and plants. Changing sea levels pose numerous problems for coastal 

communities, including higher storm surges; intrusion of salty ocean water into coastal 

freshwater aquifers; flooding of homes, agricultural lands, roads, railroads, industrial 

infrastructure, and energy facilities; increased coastal erosion; loss of wetlands; and impacts on 

the depth of navigable channels. 
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3.3.1 USACE Sea Level Change Guidance and Policy 

USACE recognized sea level rise as a potential problem for its coastal projects and for coastal 

ecosystems in the 1980s, with specific authority to address this problem given in Section 731 of 

the Water Resources Development Act (WRDA) of 1986 (PL 99-662). WRDA 1986 instructed 

Federal agencies to assess the probability and extent of coastal flooding and erosion and to 

develop strategies to adapt to or mitigate (minimize) the effects of global sea level rise. This 

language resulted in the 1987 publication of a National Research Council (NRC) report, 

Responding to Changes in Sea Level: Engineering Implications.  

USACE efforts to respond to WRDA 1986 resulted in guidance for incorporating local relative 

sea level change in coastal planning in the form of a guidance letter issued in 1986. By 2000, 

USACE Engineer Regulation (ER) 1105-2-100, Planning Guidance Notebook, required the 

consideration of both the low and high sea level scenarios identified in NRC (1987). Following 

Hurricane Katrina, USACE placed a renewed emphasis on incorporating new and changing 

information in project planning and engineering, issuing EC 1165-2-211, Water Resource 

Policies and Authorities Incorporating Sea-Level Change Considerations in Civil Works 

Programs in 2009 (USACE 2009). This was updated in 2011 by EC 1165-2-212, Sea-Level 

Change Considerations for Civil Works Programs (USACE 2011a), before being formalized as 

ER 1100-2-8162 in 2013 (USACE 2013a). The guidance stipulates that planning alternatives and 

engineering designs must be evaluated for the entire range of possible future rates of sea level 

change as specified within the regulation. Technical guidance for adaptation to sea level change 

is provided in Engineer Technical Letter (ETL) 1100-2-1, Procedures to Evaluate Sea Level 

Change: Impacts, Responses, and Adaptation (USACE 2014a). 

Armed with these estimates, project planners can map areas of probable inundation given future 

amounts of sea level change. This information enables planners to evaluate the relative effects, if 

any, of sea level change on projects early in the planning process and adapt to or reduce the 

effects to the proposed project. 

3.3.2 Sea Level Change in the RCC Adaptation Pilot Projects 

Five projects addressed the issue of sea level change in the areas of ecosystem restoration and 

flood risk reduction: C-111 Spreader Canal RCC Adaptation Pilot Project, Hamilton Wetland 

RCC Adaptation Pilot Project, Lower Columbia River Estuary RCC Adaptation Pilot Project, 

East Rockaway Inlet to Rockaway Inlet RCC Adaptation Pilot Project, and Chesapeake Bay 

RCC Adaptation Pilot Project. In all five cases, planners solicited experts to determine project 

area-specific rates of sea level change. 
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3.3.2.1 C-111 Spreader Canal RCC Adaptation Pilot Project 

The C-111 Spreader Canal RCC Adaptation Pilot Project tested the usefulness of implementing 

USACE sea level guidance during the latter stages of the planning process to determine whether 

sea level change is likely to negatively impact projected freshwater wetland and near-shore 

habitat gains. Local relative sea level change produced using EC 1165-2-211 provided 

projections of sea levels until the end of the projected project lifetime (100 years, see Figure 16). 

Using a geographic information system (GIS), maps were created using topographic data to show 

how far inland sea water is likely to penetrate in the future. The mean higher high water 

(MHHW) mark was found to be most effective at demarcating the boundary between freshwater 

and saltwater ecosystems. Higher sea level change translated into greater landward movement of 

the MHHW, and therefore greater loss of freshwater habitat. At the same time, the amount of 

near-shore habitat remained roughly constant but was pushed inland with the advancing tide. 

Mitigating projected freshwater habitat loss would require larger flows of freshwater through the 

Everglades, which in turn indicates a long-term need to reallocate water currently diverted from 

the Everglades for other uses if this objective is to be met. 

 
Figure 16: Map shows that sea level rise may inundate much of the southern tip of Florida, including project 

features, by the end of the century. 
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3.3.2.2 Hamilton Wetland RCC Adaptation Pilot Project 

The Hamilton Wetland RCC Adaptation Pilot Project implemented the sea level change guidance 

to evaluate the impacts of sea level change on a freshwater and tidal wetlands restoration project 

along San Francisco Bay that was already in the construction phase. This was part of a larger 

effort to apply a RIDM framework in planning for sea level change. Sea levels in San Francisco 

Bay are currently rising at 0.1 in/yr, a rate faster than at any time in the last 5,000 years. 

Following the guidance, three sea level change curves were generated for the project area and 

used to assess how the projected three magnitudes of sea level change may affect habitat 

conversion based on the proposed restoration alternatives. The project seeks to initially create 

20% freshwater and 80% tidal wetlands, and sea level change is projected to reduce freshwater 

wetlands over time in the project area. However, the study points out that there is currently no 

viable wetland habitat at the sites, so even if wetlands are established and later degraded by 

changing sea levels, there would still be a net gain in habitat in the project area. 

3.3.2.3 Lower Columbia River Estuary RCC Adaptation Pilot Project 

The Lower Columbia River Estuary extends 145 miles inland, with daily tidal cycles felt as far 

as immediately downstream of Bonneville Dam. Within the estuary, both water surface elevation 

and salinity will be affected by sea level change and upstream changes to snowmelt runoff 

patterns. These changes are anticipated to impact ecosystem restoration within the estuary, 

particularly with respect to restoration projects focused on salmon and steelhead populations. 

This project specifically incorporated planning under the USACE sea level guidance as one 

element in the application of a RIDM framework to long-term planning for the estuary. A key 

recommendation was the implementation of a more flexible planning process for ecosystem 

restoration studies to better account for increased future uncertainty under climate change. 

3.3.2.4 East Rockaway Inlet to Rockaway Inlet RCC Adaptation Pilot Project 

The East Rockaway Inlet to Rockaway Inlet RCC Adaptation Pilot Project was directly focused 

on sea level change impacts on urban development and ecosystem restoration efforts on this 

urbanized barrier island at the mouth of Jamaica Bay. The project sought to develop a 

collaborative framework under which vulnerability to sea level change impacts could be assessed 

and the risks from sea level change mitigated. The challenge was to develop a multi-stakeholder 

collaboration to address these issues. Implementation of the USACE sea level change guidance 

was a critical component in showing the extent of future inundation under future average high 

water and storm surge conditions.  

As in other studies, the USACE sea level change scenarios were used as the basis for creating 

maps of areas likely to be inundated given future sea level change and storm surges. The sea 

level change analysis also enabled the identification, inventory, and mapping of areas, 
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infrastructure, and critical facilities likely to be impacted under different degrees of sea level 

change. This analysis enabled stakeholders to rapidly understand the extent of the problem and to 

move forward planning actions to mitigate the effects. Proposed measures included beach 

nourishment (adding sand to beaches to counteract erosion); dune creation and enhancement (to 

retain storm surge on the seaward side and prevent flooding); dredging; and construction of 

groins, breakwaters, and other features. A variety of nonstructural measures and actions such as 

raising roads were also under consideration. 

The use of inundation maps to show potential future changes was found to be an effective way of 

communicating potential future risks due to changing sea levels. Following Hurricane Sandy, 

which damaged much of the study area in ways consistent with model projections soon after 

these were presented to local officials, the pilot was put on hold so local staffers could deal 

efficiently and effectively with response, recovery, planning, and engineering for near-term 

projects.  

3.3.2.5 Chesapeake Bay RCC Adaptation Pilot Project 

The Chesapeake Bay RCC Adaptation Pilot Project examined changes in the severity of coastal 

hurricane storm surge inundation at different degrees of future sea level change. Sea level change 

was estimated for six locations in the study area and then averaged to generate basin-wide 

increases in average sea levels in 2040 and 2100. Three scenarios at each time period (low, 

intermediate, and high sea level change) and two different methods for modeling storm surge 

were used. These methods were the simplified bathtub model and the more complex SLOSH 

model. The study examined storm surges for storms rated Categories 1–4 on the Saffir-Simpson 

hurricane wind scale. The two models showed non-linear increases in area of inundation relative 

to storm category reflective of bathymetry of the bay and adjoining coastal shelf and differences 

in specific areas inundated. 

However, there was enough model agreement to suggest that in many scenarios, the bathtub 

method could be a reasonable low-risk, low-cost, and minimal effort approach to estimating the 

impact of sea level change on hurricane storm surge. Additional analysis is necessary to verify 

this suggestion before developing any guidance on what situations and scenarios would benefit 

from the use of the bathtub model. If the bathtub method were proven to be acceptable in some 

situations, it would likely reduce time and funding needed on some future feasibility studies, as 

the cost and time need for implementation of the full SLOSH model is much greater. 

3.3.3 Assessment: Application of Sea Level Change Guidance 

The sea level rise guidance was successful in all four pilot projects in providing scientifically 

sound projections of future impacts on projects. Developing the supporting information was 

relatively straightforward based on the method outlined in the USACE guidance initially, and 
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later through the use of the USACE sea level change calculator. Topographic mapping readily 

translated the projected rises to estimates of areas likely to be inundated in the future, and these 

maps proved to be effective in communicating future risks. Both the estimation of sea level 

change scenarios and the estimation of area inundated were readily communicated to sponsors, 

stakeholders, and other interested parties, resulting in broad public buy-in. Projects that focused 

on ecosystem restoration found mean high water or MHHW to better estimate where on the 

landscape the boundary between freshwater to saltwater is likely to be in the future.  

3.4 Water Supply, Navigation, and Flood Risk Management: 

Climate Change Impacts on Inland Hydrology  

The volume, quality, and availability of water in rivers affects four important USACE business 

lines: 

• Flood risk management, or the construction and maintenance of dams, levees, and other 

structures that keep flood waters in the rivers rather than overbanking onto the floodplain and 

inundating towns, cities, infrastructure, and agricultural land 

• Navigation, or ensuring the ability to transport people and goods along the Nation’s inland 

and coastal waterways and harbors 

• Hydropower, providing for continued efficient production of electricity generated from 

generating facilities at USACE projects 

• Water supply, or the availability of freshwater for agricultural, industrial, municipal, 

ecological, and domestic use. 

3.4.1 Modeling Projected Freshwater Streamflows 

Estimating climate change impacts on freshwater streamflow is challenging because of the 

evolving nature of actionable science and the complexity of the processes involved. The 

challenges include the following: 

• Model projections of precipitation change are much less certain than for temperature. For 

example: 

o The characteristics of a precipitation event, such as the intensity of rainfall, the period 

over which this rainfall occurs, and whether or not previous rainfall events have saturated 

the soil, determine how much water can sink into the ground and how much will run off 

into streams to cause flooding. Each river basin is unique, and even adjacent basins may 

respond differently to the same precipitation event. 

o The land cover and land use in the watershed also affect runoff, including the kind and 

density of vegetation, the soil type, surface permeability, whether the ground is sloped or 

flat, and the amount of urban development. Together, these determine how much 

precipitation can enter the soil and how much will run off.  
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o With respect to snowfall and spring runoff, the amount of snow, how much water the 

snow holds (whether the snow is wet or dry), whether winter precipitation falls as rain 

instead of snow, and how early the snowpack begins to melt are also important 

considerations governing how large the spring runoff flow will be. 

• Climate models and their results have evolved over the course of these adaptation studies, as 

have methods to downscale their results to the regional to local scales.  

• Developing climate hydrology at the scale of these adaptation pilots has seen much progress 

between the earliest and later adaptation pilots. 

To address climate change impacts on freshwater stream systems, teams undertook two basic 

steps: 

• Obtained projections of future climate using primarily bias-corrected, statistically 

downscaled climate models, though some pilots did assess dynamically downscaled regional 

models 

• Incorporated projected climate variables important to hydrology into hydrologic models to 

estimate projected future streamflow. 

These steps are described below in Sections 3.4.1.1 and 3.4.1.2. 

3.4.1.1 Project Future Climate Using Bias-Corrected, Spatially Downscaled 

Climate Model Data 

The outputs of this step are model projections of temperature and precipitation events in a given 

future period. In addition, models are able to simulate changes in mountain snowpack and its 

persistence into spring. Projections of other climate variables, such as average monthly 

temperatures, are also output. In some cases, multiple models agree in the direction of change 

(gain or loss) and the relative amount; in others, models disagree about the direction and/or 

magnitude of change. It is the range of the plausible future conditions and how these affect the 

project that are the most important consideration. 

3.4.1.2 Translating Climate Change into Changes in Streamflow 

Deriving streamflow from precipitation requires a realistic model of a watershed that captures 

the different kinds of land surfaces and what happens to precipitation when it falls on those 

surfaces. The RCC Adaptation Pilot Projects used two basic modeling tools to construct climate-

impacted hydrology models of the watersheds under study: the Variable Infiltration Capacity 

(VIC) model developed at the University of Washington (Gao et al. 2009, Wenger et al. 2010) 

and the U.S. Department of Agriculture’s SWAT. 

The VIC model represents the landscape as a grid of cells that are each 1 km2 in area. 

Differences in land surface characteristics within each grid cell that affect runoff and infiltration 

are handled statistically. Surface runoff and groundwater flow can be transmitted from cell to 
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cell until a stream is reached, and then the water is routed downstream using a stream routing 

model. The SWAT model subdivides the landscape into smaller and smaller units based on the 

watersheds for smaller and smaller tributaries to create hydrologic response units. Hydrologic 

response units consist of sub-watersheds with homogeneous land use, management, and soil 

characteristics. Infiltration, evaporation, vegetation interception, and other factors that affect 

precipitation within the hydrologic response unit can then be modeled, and runoff from each unit 

calculated. Again, once this runoff reaches a stream, a routing model is used to calculate water 

movement downstream. 

3.4.2 Climate Change Impacts on Inland Hydrology in RCC Adaptation Pilot 

Studies 

Pilot projects focused on the following concerns in freshwater streams used the combination of 

downscaled climate models, the application of a VIC or SWAT model to translate precipitation 

into streamflow, and a routing model to transmit those flows downstream to the project area. 

3.4.2.1 Flood Risk Management Pilot Studies: Reservoir and Lake Sedimentation 

Three RCC Adaptation Pilot Projects used projected streamflows to understand how sediment 

could accumulate in the Nation’s reservoirs and harbors, posing hazards to flood risk 

management, navigation, water supply storage, and other authorized purposes of USACE dams 

and reservoirs.  

The Cochiti Dam and Lake RCC Adaptation Pilot Project investigated how the rate of sediment 

accumulation behind the dam might change under future climate conditions. This is a critical 

piece of information because any portion of the reservoir filled with sediment is a portion not 

available to store water for water supply or to retain streamflow during flood events. At Cochiti 

Dam and Lake, flows in the Rio Grande mainstem are projected to decrease, reducing the 

amount of sediment entering the reservoir. This sediment reduction is due to the projected 

decrease in the ability of the river to carry sediment in an area where much of the channel 

upstream is gravelly. By reducing sediment accumulation rates, climate change may slightly 

prolong the project lifetime. The Garrison Dam RCC Adaptation Pilot Project investigated both 

sedimentation and the impact of sedimentation on reservoir operations, including hydropower. 

Under projected climate change, the study estimated that there could be a small increase in 

sedimentation rate, but this could be offset by changes in reservoir operation to maintain the 

water elevation at desirable levels in the flood pool. However, modeling suggested that climate 

change may increase the magnitude of spring flood flows, potentially impacting the operation of 

all six Missouri River mainstem dams (Figure 17). 
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The Great Lakes Region RCC 

Adaptation Pilot Study investigated 

the potential for changes in 

sedimentation in harbors located at the 

mouths of two rivers entering the 

Great Lakes. Here, the primary issue 

is whether climate change will 

increase the rate of sediment 

deposition and, therefore, the annual 

cost of harbor dredging. The study 

looked at both the CMIP3 and CMIP5 

climate model information, 

concluding that future studies should 

be aware that using older CMIP3 

climate model data may produce results that differ from those obtained using newer, CMIP5 

model data. The modeling results also indicated the presence of systematic bias in the projected 

streamflows compared to the hindcast period (1950–1999), which agrees with other analyses 

undertaken by the RCC Program. This does not prevent the results from being used in a 

qualitative sense to evaluate future changes, as was done in this pilot study. The study showed 

that results for the St. Joseph River and the Maumee River were quite different, despite 

similarities in basin size and regional setting. This result corroborated the finding of other 

sediment pilot studies that a one-size-fits-all approach is not sufficient, and that caution must be 

used when extrapolating results from one basin to adjacent watersheds. The study also compared 

the results of the VIC and SWAT models, but it reached no conclusion as to which would 

provide more accurate results. Further analysis is needed to better understand the difference 

between the two basins and the differences in estimated future dredging needs.  

3.4.2.2 Flood Risk Management Pilot Studies: Flood Events 

Three RCC Adaptation Pilot Projects used projected streamflows to evaluate changes in the 

magnitude and frequency of flooding. They used a similar methodology as the sedimentation 

studies discussed above. 

The Coralville Lake RCC Adaptation Pilot Project evaluated whether projected changes in 

climate and streamflow would affect the operation of Coralville Reservoir on the Iowa River. 

Using a calibrated hydrologic model of the Iowa River Basin and regionally downscaled climate 

data, the risk to the reservoir system associated with future climate scenarios was analyzed. The 

robustness of the reservoir system to these changes was evaluated, and potential adaptation 

strategies were identified. The project team found that an effective approach is to determine how 

vulnerable the reservoir is to floods of different magnitudes.  

Figure 17: Flooding during the spring along the Missouri River 

may increase under a warmer future climate. 



Report on Lessons Learned from USACE Climate Change  

Adaptation Pilot Projects—Fiscal Years 2010–2015 

54 

The Iowa-Cedar RCC Adaptation Pilot Project was focused on collaborative decision making 

with respect to climate change impacts on flood magnitude and frequency. The modeling 

component of this study involved the comparison of three different hydrologic models: HEC-

HMS, SWAT, and the GSSHA model. The models differ in complexity and the amount of data 

necessary. No one model emerged as capable of addressing all the issues on the river. It was 

concluded that the choice of model used in a watershed study has important consequences for a 

particular purpose, though it is difficult to gauge accuracy and there is not an ideal, one-size-fits 

all solution.  

The Red River of the North RCC Adaptation Pilot Project examined how changes in winter 

precipitation—snowfall, snow water content, and the timing of snowmelt—affect spring flood 

flows in the vicinity of Fargo, North Dakota. The Missouri River Basin RCC Adaptation Pilot 

Project examined how changes in mountain snowpack and runoff would affect the frequency and 

magnitude of both droughts and floods in the Missouri River Basin.  

3.4.2.3 Water Supply  

Two RCC Adaptation Pilot Projects used projected streamflows to address issues related to water 

supply: 

The Marion Reservoir RCC Adaptation Pilot Project examines the vulnerability of the 

water supply to climate change, focusing on projected duration and magnitude of drought 

in the watershed. The modeling process is similar to that used in the sediment yield 

studies, with the output being water yield into the reservoir. The projections showed no 

pronounced change in average firm yield (the minimum annual quantity of water entering 

the reservoir). However, because firm yield is strongly influenced by extreme events, 

these results must be viewed with caution as the method is very poor at modeling extreme 

events. 

The Oologah Lake RCC Adaptation Pilot Project also examines the vulnerability of the 

water supply to climate change, focusing on projected duration and magnitude of drought 

in the watershed. The modeling process is similar to that used in the Marion Reservoir 

RCC Adaptation Pilot Project, with the output being water yield into the reservoir. 

Models showed no pronounced change in average firm yield under a warming climate 

given no directional change in precipitation. Expanding the study to include water quality 

indicates declines in dissolved oxygen and increases in water temperature that might 

affect some fish species in the reservoir.  
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3.4.2.4 Snowmelt and Spatial Variability  

Three RCC Adaptation Pilot Projects used projected streamflows as they explored issues related 

to snowmelt and spatial variability. 

Missouri River Basin RCC Adaptation Pilot Project examined the impact of climate change on 

Rocky Mountain snowpack accumulation and runoff. The models project a decrease in peak 

SWE, an earlier date for peak SWE, a faster melt-out, and decreasing spring runoff. By the 

second half of this century, there were significant increases in the frequency of low runoff years 

(relative to the historical long-term average), although the range of variability in runoff volumes 

showed no trend (high-runoff years will still occur) (Figure 18). The long-term impacts on water 

supply at the two reservoirs in the study were not modeled in this study but are likely to follow 

spring runoff trends.  

 
Figure 18: Projected changes in Missouri River streamflow near Landusky, Montana, above Ft. Peck, 

showing future reductions in flow due to loss of snowpack 

The follow-on Lake Sakakawea RCC Adaptation Pilot Project showed that projected impacts 

could be different in different portions of a watershed, depending in part on elevation. The lower 

the elevation of the portion of the watershed where the snowpack accumulates, the greater the 

impact of temperature on the timing and magnitude of spring runoff.  

Finally, the Willamette and Rogue RCC Adaptation Pilot Project also highlighted the spatial 

variability of watershed response to projected climate changes. In the historical record, rainfall-

dominated watersheds showed a clear shift in streamflows from winter to summer, while runoff 

in snow-dominated basins became more stable. Models project variable future precipitation 

across the study area, with increases in winter streamflow and decreases in summer streamflow. 

More floods and more droughts are also anticipated. As in other pilot areas studied, these 

changes are anticipated to increase stressors to water management in the future. 
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3.4.3 Assessment: Climate Change Impacts on Inland Hydrology in RCC 

Adaptation Pilot Studies 

Studies that examined annual or seasonal averages generally concluded that the existing data and 

tools were adequate and yielded useful results. Studies that focused on extreme flood and 

drought events concluded that the existing data and tools were inadequate for capturing future 

magnitudes, durations, and frequencies of such events. The reason for this dichotomy is 

primarily because the averages do not really change much; it is generally climate variability that 

is changing, and, with it, the extremes. Fortunately, updated climate information and hydrology 

in development by interagency and expert teams will address many of the climate hydrology 

issues identified in these studies.  
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4. Results 

4.1 Lessons Learned from the Pilot Projects 

Taken together, the pilot projects are providing a body of knowledge and tested methods that 

provide a foundation for successful water resources adaptation to climate change, thereby 

increasing our resilience to, and decreasing our vulnerability from, the effects of changing 

climate.  

One of the most important lessons learned to date is that establishing a policy, no matter how 

broad, reduces the time and cost of adaptation. This is because policy not only provides legal and 

technical justification but also narrows the range of potential alternatives and guides planning 

and study approaches to support the desired decisions. Based on this lesson learned, USACE is 

working to develop both enabling (e.g., how we frame the approach) and implementing (e.g., 

how we adapt) policies and guidance for adaptation. 

Overall, the pilot projects served as a good mechanism to develop in-house expertise and 

leverage expertise from other agencies, institutions, and partners through collaboration. Climate 

change is particularly challenging in this regard because the effects on watershed hydrology are 

diverse and complex, cutting across land ownership, land cover type, and disciplines. Although 

most of the pilot studies have involved collaborations and partnerships, these networks typically 

consist of a small handful of individuals from a few partnering agencies. Larger and more 

complex projects (e.g., ORB RCC Adaptation Pilot Project) demonstrated that these challenges 

could be overcome. 

Lastly, an important factor identified in the pilot projects is that costs and benefits are dynamic 

and will change over time, just as climate does. These may need to be considered at the regional 

scale or may need to be quantified or evaluated differently over time. Consideration of dynamic 

changes over time can guide adaptive management decisions. 

4.2 Additional Lessons Learned from Applying the Different 

Approaches 

More specific lessons were learned from the efforts of individual teams to apply the four basic 

approaches used so far in the pilot studies. 

4.2.1 RIDM Approaches 

Most projects that implemented RIDM, either formally as RIDM or in a less structured manner, 

found that the conversations between stakeholders improved the understanding of the planning 
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process and were successful in elevating climate change as a long-term concern within the 

broader community. By considering climate change and risk early in the process, interagency 

teams more easily saw the key long-range issues and identified innovative solutions to these 

issues. Planners felt that the time spent designing and implementing the decision-making 

framework was as important as the time spent developing the scientific and engineering 

understanding of the physical process of climate change.  

The consensus building central to RIDM had side benefits as well, including the following: 

• RIDM led to better communication, which resulted in a better shared understanding of 

climate change impacts on the project area and led more rapidly to consensus about risk and 

solutions that mitigate and adapt to these impacts. Understanding was also more fine-grained, 

allowing participants to recognize heterogeneity within the project area and the need in some 

cases to customize adaptation and mitigation strategies to portions of the project area. 

• Federal, state, and local agency participants and participants from non-governmental 

organizations gained a better understanding of the USACE planning process in general, and 

specifically the RIDM framework and the risk register (a listing of specific project risks and 

how they have been addressed). The risk register facilitated tracking of risks to individual 

project features, counteracting the tendency to lump risks into generic, one-solution-fits-all 

categories. 

• Collaboration between Federal agencies promoted development of a Federal consensus about 

climate change and impacts on study areas. This collaboration enabled expertise and 

resources to be leveraged, improving project quality and impact. 

Initially, lack of information and technical expertise at the district level was a cited concern 

among project team members. The resolution of climate projection and impacts data was also 

listed as a persistent concern. As the projects reached completion, these concerns were reduced 

because district staff improved technical competency through the process, and it became clear 

that the interagency consortium was making progress in improving resolution and confidence in 

climate data. 

4.2.2 IWRM/SVP Process 

Like RIDM, IWRM and the SVP process promote collaboration among stakeholders and the 

development of consensus over the nature of projected climate impacts and resulting 

infrastructure vulnerabilities. Activities that promoted group cohesion—such as a common logo, 

vision, process, and timeline—promoted local and community engagement and contributed to a 

feeling of stewardship for the project area. The IWRM framework is open with respect to the 

tools and methods used to achieve project ends, which allowed for collaborative, local decision 

making to guide the selection of tools and methods suitable to meet unique local needs. 
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4.2.3 Sea Level Change 

The initial sea level rise guidance was evaluated by several projects, which found that overall the 

guidance was straightforward to apply for most situations. The translation of sea level change 

into inundation area was relatively easy to determine using existing topographic data in a GIS 

and provided data adequate for studies that needed to take into account substrate stability, 

erosion/sedimentation, and vegetation salinity tolerance, as well as more information on the 

density and infrastructure present in the built environment.  

Sustaining the benefits of ecosystem restoration and shoreline infrastructure requires planning 

for long-term adaptation capacity, including coordination with other regional flood risk reduction 

planning efforts. At least one project team reported that USACE was ahead of the curve in 

addressing sea level change scenarios, risks, and consequences in its planning efforts; it was 

necessary to train local sponsors and stakeholders on USACE sea level change requirements at 

study initiation (Figure 19). 

 
Figure 19: In the Norfolk, Virginia, region, significant shoreline infrastructure is at risk from sea level rise 

and increases in storm surge in a warmer future climate. 

4.2.4 Climate Hydrology 

Climate hydrology posed more difficult problems than changing sea levels, for which the 

scenario approach was a relatively standard way to deal with uncertain future conditions. Climate 

hydrology required analysis of climate data and translation of that data into water quantity on the 

landscape. All of the projects had to wrestle with large climate model projection datasets and the 

means to translate them into streamflow.  
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Planners and engineers reported that lack of existing USACE guidance made it difficult for them 

to decide how to proceed with their studies and to validate their choice of direction. Data for use 

in climate assessments can require significant processing quality assurance and quality checking 

prior to use in models. The early pilot studies resulted in the development of web tools to provide 

consistent, repeatable results that emphasized data analysis, and for which the data management 

was handled as a pre-processing step. Knowledge of local climate, climate trends, hydrology, 

and other conditions was fundamentally necessary to interpret model results. 

The breadth of the analysis was also of concern in two ways. While projected streamflow 

averages seemed to provide usable data for determining variables such as average sedimentation 

rate, projects focused on extreme precipitation and drought events presented barriers that reduced 

confidence in the results. The second concern is that the methods used to translate climate 

projections into hydrologic conditions and impacts on watersheds did not adequately capture 

vegetation change, wildfire, land use change, and other factors.  

Lastly, for some projects, the approach of starting with climate models and deriving streamflow 

and impacts was seen to be less useful than an approach that determined how large an impact 

would have to be to affect a planned or existing project, and then to assess whether projected 

climate change would be large enough to create an impact. In this approach, thresholds or trigger 

points could be identified where adaptation measures could be taken to reduce future impacts 

should climate change occur faster or slower than projected. 

In spite of the projected climate hydrology shortfalls, many groups felt that stakeholder 

involvement with the models and climate projection data were useful for creating a broad 

understanding of the issues, knowledge, and knowledge gaps. Further, for studies where average 

monthly modeled streamflow provided usable information, this information was seen as both 

useful and actionable. 

4.3 Responses to Lessons Learned 

The adaptation pilot projects were key to developing professional and technical competence at 

the working level. By exploring ways in which districts can include climate impacts and 

adaptation in their planning and engineering processes, we not only fostered communication 

across all levels of government but also prompted development of methods, tools, and technical 

guidance. Summaries of relevant literature were developed (e.g., USACE 2015b) to assist 

districts in better identifying potential climate change impacts on their areas of responsibility.  

For example, the early sediment pilot studies showed that changes in sediment influx may 

shorten the lifetime of some reservoirs, while extending the lifetime of others. As a result, the 

USACE developed a web portal to compile reservoir sediment information (RSI) nationwide and 

track past and current sedimentation rates. It built tools to translate sediment survey information 
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from newer data-rich methods for input into the portal. This portal is now operational and 

includes Reclamation and USGS as interagency partners to support IWRM approaches.  

Similarly, the early water supply studies highlighted changing drought conditions as important 

climate impacts on USACE missions and operations. This knowledge led to the creation of a 

program component to compile water control information in a single web portal for use across 

USACE. The portal includes water control manuals, drought contingency plans, and deviation 

policies. This information, combined with records of past deviations, can be compared to the RSI 

data and information on water supply allocations to provide a comprehensive view of the past, 

current, and future states of reservoir operations. It also supports national prioritization of efforts 

to update reservoir surveys and drought contingency plans. 

The lessons learned from coastal pilots have informed not only guidance in the form of USACE 

ETL 1100-2-1 and forthcoming guidance on procedures to evaluate the magnitudes and effects 

of total water levels at USACE projects but also extensive updates to the USACE sea level 

change calculator. 
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