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Introduction: Inland and coastal flooding and other water-based natural disasters are projected to increase in severity, frequency, and intensity as global temperatures rise, placing a growing number of US communities at risk. Governments at the local, state, and federal levels have been embracing resilience planning to better predict, mitigate, and adapt to such shocks and hazards. A growing number of climate services have been developed to aid communities engaged in these efforts to access, interpret, and make decisions with climate-related data and information. An important tool for potentially supporting this planning is the National Water Model (NWM), created by the National Oceanic and Atmospheric Administration’s (NOAA) National Water Center (NWC). The NWM is a river and streamflow model that can forecast conditions for the continental United States.

Methods: However, community end-users were not being effectively engaged in ways that result in widespread tool use and adoption. From 2021 to 2023, seven geographically diverse US communities agreed to participate in a study to understand how the NWM might be applied in resilience planning. Interviews and collaborative sessions were conducted with NWC/NOAA staff and community resilience stakeholders in Burlington, VT; Cincinnati, OH; Portland, OR; Charlotte, NC; Boulder, CO; Minneapolis; MN; and Houston, TX

Results and Discussion: Results provide an improved understanding of potential applications of the National Water Model and have identified actions to overcome the barriers to its use among municipal and regional resilience planners. This research yielded a set of recommendations, co-developed between the seven communities and NWC/ NOAA staff, for how these barriers could be overcome to facilitate wider use of the NWM and its data and visualization services in resilience planning. This study highlights the NWM’s applicability at shorter timescales in resilience planning and points to a more general need for climate services to accommodate near-, medium-, and longterm time frames. The study also found many community stakeholders who use water science and information in resilience planning have diverse disciplinarily backgrounds. Importantly, the majority were not trained hydrologists or water scientists, pointing to the critical need for climate service developers, including the NWC, to embrace co-development efforts that involve a wider range of end-users, including community resilience planners.
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1 Introduction

Climate change is causing an increase in the frequency and severity of flood events and other water related hazards. Flooding is the costliest disaster type in the United States (Cigler, 2017) and flood risk, especially in urban (Hemmati et al., 2020) and inland communities (Tate et al., 2021), is only increasing. Hurricanes and coastal storms only serve to compound flood risk, such as the unprecedented levels of flooding that occurred with Hurricane Harvey near Houston, Texas in 2017 (Regier et al., 2022). Many communities have begun to integrate resilience principles into their policies and interventions to better prepare for future disasters and challenges exacerbated by climate change. Although the definitions of the term “resilience” are varied, its use relative to people and their environment describes a system’s ability to recover from a crisis by engaging in processes of both resistance and adaptation (Mayer, 2019). Resilience planning generally aims to achieve two goals: (1) ensuring that communities have access to critical services and needs following a disaster, and (2) mitigating the probability of communities suffering impacts from future disasters that could compound on each other over time (Environmental Finance Center at Sacramento State, 2020). In addition, building resilience can also help address social inequities, long-term disturbances, and inadequate environmental management (Saikia et al., 2022). Developing an effective resilience plan requires a bottom-up, iterative, and dynamic process engaging a diverse set of stakeholders (Alibašić, 2022). Additionally, it requires incorporating a diversity of sources of information to include numerous forms of climate data that makes it a complex and resource intensive process (Woodruff et al., 2022). Communities would clearly benefit from having access to science-based information and practical tools that can assist them in integrating resilience into their urban planning, environmental management, and climate adaptation efforts.

A growing number of tools and resources are being developed to facilitate the translation of climate science data and information for practical applications that can assist communities with resilience planning (Hewitt et al., 2020; Jacobs and Street, 2020). These climate services provide information and products with a scientific foundation with the intent to improve the public’s awareness and comprehension of how environmental conditions can affect their choices and behavior (Onwuemele, 2014; Hewitt et al., 2020). These include providing information on historical weather patterns, anticipated future climatic conditions, temperature and precipitation scenarios, sea-level changes, and their potential effects on various industries, including agriculture, infrastructure, health, and other fields (Onwuemele, 2014). Climate services can help at-risk communities more effectively manage climate variability, save lives, and preserve livelihoods. To harness this potential more needs to be done to improve utilization and highlight the value-added of climate services and other climate risk management tools for policy makers and communities at risk (Onwuemele, 2014; Vaughan et al., 2016; Hewitt et al., 2020; Lioubimtseva and da Cunha, 2023).

The National Water Model (NWM), which is overseen by the National Oceanic and Atmospheric Administration’s (NOAA) National Water Center (NWC), is an important example of a climate service that can help communities to confront their flood-related hazards. The National Water Model is a mathematical modeling framework of water and weather cycles that tracks and predicts changes in precipitation, snowmelt, near-surface soil moisture, streamflow, and evapotranspiration across the continental US (National Weather Service, NOAA 2016). The model provides a depiction of water patterns based on historical forecast data ranging from 3 h to 30 days, and takes into account variables such as changing elevations, soil types and layers, vegetation types, and more; the model also provides data services, map visualizations, and four levels of guidance (analysis and assimilation, short range forecast, medium range, and long-range forecasts; National Weather Service, NOAA, 2016). The NWM complements NOAA’s coverage on water patterns from 3,600 river forecast points, and in the continental United States configuration provides stream outflow results for 2.7 million river reaches. This model provides greater coverage in underserved locations that may not have traditional forecasts that can provide insight on changes in river levels and patterns of flow. The NWM complements existing water and weather tracking tools and provides hydrological guidance at scales of 1 km and 250 m grids (Office of Water Prediction, n.d.). The NWM is continuing to go through a series of planned updates with NWM v.3.0 having just launched in 2023 and “the continued success of the NWM ultimately depends on the continual improvement of model accuracy and capabilities” (Cosgrove et al., 2024, p. 22).

While there is clearly practical value associated with predicting when and where water will be, climate services such as the NWM are generally underutilized (Onwuemele, 2014; Vaughan et al., 2016; Raub and Cotti-Rausch, 2019; Hewitt et al., 2020; Lioubimtseva and da Cunha, 2023). Even when climate services are used, communities frequently apply them incorrectly or in ways that are not as intended by their developers (Raub and Cotti-Rausch, 2019). To improve the efficacy of climate services, some developers have embraced the need to move toward a bottom-up approach that directly involves developers and end-users in co-developing resources (Meadow et al., 2015; Daniels et al., 2020; Jacobs and Street, 2020).

From 2021 to 23, the authors leveraged community-engaged methods in seven geographically diverse U.S. communities to understand how the NWM might be applied in resilience planning: Houston and Galveston area, TX; Portland, OR; Boulder, CO; Minneapolis, MN; Charlotte, NC; Cincinnati, OH; and Burlington, VT. The studies incorporated a bottom-up/co-development approach with the twin objectives of identifying the applicability of the NWM in community resilience planning and developing insights that can be generalized to other climate services being developed for use in the resilience-related planning context. Results from this study have yielded important insights and recommendations around four groupings on both the potential and barriers of using tools such as the NWM in community resilience planning: (1) potential use cases of the NWM, or other similar climate services, in community resilience-related planning, (2) how to raise awareness of the NWM, (3) how to improve its accessibility to diverse community stakeholders, and (4) what features and capabilities community end-users are looking for in the NWM and other climate services to better assist their resilience planning. These recommendations have the potential to more widely inform efforts to provide climate services that advance resilience planning.



2 Methods

The study’s methods for engaging the communities were designed to develop a user-perspective of how the NWM could be integrated into community resilience planning. This understanding could then inform the National Water Center on how it could take steps to facilitate wider use of the NWM. The methodology involved the research team undertaking a series of four activities: (1) conducting online interviews with community resilience stakeholders and NOAA/NWC staff, (2) organizing and facilitating collaborative sessions held with each individual community, (3) completing an analysis of the data collected, and (4) inviting each study participant to react to their community’s summary results as a form of data validation. Each of these activities is described in the sections below.

The seven communities (Houston, TX; Burlington, VT; Cincinnati, OH; Portland, OR; Charlotte, NC; Boulder, CO; and Minneapolis, MN) engaged in this study were selected against the following criteria: (1) they have engaged in resilience, adaptation, or climate planning (and have a strong capacity for planning); (2) each community is geographically diverse across the United States and has experienced a water-related hazard within the past 5 years; and (3) the project team was able to identify existing partnerships and ties to these communities which would facilitate stronger community engagement. The geographic, topographic, water governance, and water hazard diversity of the seven communities was intentionally aimed to better represent the range of potential end-users for the NWM in their unique contexts.


2.1 Interviews

Data was collected primarily through interviewing stakeholders from the selected communities. Target participants were initially identified from a search of public facing websites in roles such as city planners, floodplain managers, academics, engineers, and GIS specialists from local government, non-profits, local universities, and the private sector. A snowball recruitment technique was employed during each interview to identify additional community participants who could provide useful perspectives on the value of the NWM in resilience-related planning efforts. In addition, interviews were conducted with NOAA/NWC staff to provide tool developers’ perspectives on use applications of the NWM.

All interviews were conducted remotely via Zoom between February 2022 through June 2023. The interviews sought to investigate the interviewees experience with resilience planning, including what resilience planning looks like in each community, the information sources and needs that the community have for dealing with water-related vulnerabilities, the interviewees’ experience with hydrologic modeling and the NWM, and ideas for how the NWM could be used in community resilience-related planning and how the NWC could facilitate this use. The interview protocols are provided in Appendices E, F.

Once the community interviews were completed, a collaborative session for each community was held remotely via Zoom. The objective of each collaborative session was to engage community resilience-stakeholders and NOAA/NWC staff in a process of co-learning. The participants worked together on generating recommendations for how the NWM could be used in community resilience planning and how the NWC could facilitate this use.

Each session began with an educational component to share the summary interview results from that community and to provide general information on the NWM. Depending on the number of participants, the community stakeholders and NOAA/NWC staff were then either separated into breakout rooms or hosted as a single group. Members of the research team facilitated a discussion between the stakeholders and NOAA/NWC staff to generate a set of actionable recommendations. If the session utilized breakout rooms, each group reported their recommendations back to the broader group and time was allowed for further deliberation and agreement. A copy of the collaborative session agenda can be found in Appendix G.

The data from the collaborative sessions were combined with the data from each community’s interviews for further analysis. A diagram of the interview process in the context of the broader methodology is provided in Figure 1.
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FIGURE 1
 Diagram of the methodology employed in this study. Two sets of interviews were conducted with resilience-related stakeholders in each community and NOAA/NWC staff to understand their baseline perspectives. Then each group was invited to co-develop recommendations in a collaborative session. The interview data and collaborative session outcomes were analyzed and a summary of the results were provided to each stakeholder so that they could react to the results.




2.2 Data analysis

The interview and collaborative session data were analyzed in two ways: (1) a qualitative content analysis to identify and quantify key themes, and (2) a purely qualitative thematic analysis to identify recommendations for how the NWM could be used in community resilience-related planning and how the NWC could facilitate this use.


2.2.1 Qualitative content analysis of key themes

A codebook was developed to analyze the data for quantifiable themes on community characteristics, characteristics of resilience planning in communities, areas of expertise of those engaged in resilience planning, and their information uses, information needs, and the decision points related to choosing between information sources. Each interview was analyzed for these themes and then the number of interviewees who identified each theme was quantified. A copy of the codebook used for the qualitative content analysis can be found in Appendix A.



2.2.2 Thematic analysis to identify and analyze recommendations

A second codebook was designed to qualitatively capture the diversity of ideas that the participants had for how the NWM could be used in community resilience planning and how the NWC could facilitate this use and then organize them into key themes. This was accomplished by undertaking a thematic analysis to identify the diversity of ideas that occurred across all the participating communities. A three-step process was developed to support this analysis.

First, each interview was analyzed for articulations of challenges, questions, needs, or ideas related to the use of water-related data, hazards, or planning that the end-users identified. These included questions the interviewees had about the NWM, information gaps and associated data needs for supporting successful water-related planning or management, and insights on how the NWM could be used in resilience planning or how the NWC could facilitate this use.

Second, once the challenges, questions, needs, and ideas had been identified, the data underwent a thematic analysis to identify appropriate themes and sub-themes. The two main themes were recommendations directed toward the community (i.e., the main action to implement the recommendation would be initiated by the community) and recommendations directed toward the NWC (i.e., the main action to implement the recommendation would be initiated by the NWC). The main sub-themes were hypothetical uses of the NWM by communities, awareness of the NWM, accessibility of the NWM, and requested capabilities for the NWM.

Third, once the thematic analysis was complete, the raw coded interview data was rephrased by the research team to form a recommendation or articulated need, while preserving the original intent of the interviewee. For example:



“… have more accessible communication-update website, make it more user-friendly. Make connection on how to use this data. It feels very inaccessible. Not sure how I would use this.”

 

Was rephrased to:


“The NWC should update the website to make communications about the NWM more accessible and user friendly. The interviewee reported that it ‘feels very inaccessible’ and is unsure how they would use it.”
 

Additionally, the rephrasing process combined similar coded material into a single recommendation while preserving the nuance of each. A codebook that provides more details on the method of analysis can be found in Appendix B.




2.3 Data validation

Following each community’s collaborative session, each participant received an aggregate, community-level summary of their community-specific results and then were asked to provide feedback within two-weeks. Any corrections or additional feedback received was incorporated. After the two weeks had passed and the feedback had been taken into account, the results from the study were considered “validated.”




3 Results

In addition to response rate, the following sections detail the interview and collaborative session results in five areas: (1) commonalities and differences of community characteristics, (2) water-related community hazards, (3) what resilience planning looks like across communities, (4) community information uses and needs, and (5) the recommendations for how the NWM could be used in community resilience planning and how the NWC could facilitate this use.


3.1 Response rate

There were 95 interviewees across a total of seven communities with an overall response rate of 28%. Burlington (20 interviewees), Cincinnati (11 interviewees), Portland (16 interviewees), Boulder (16 interviewees), and Minneapolis (14 interviewees) were each consistent with an approximately 30% response rate (28, 32, 30, 33, 37%, respectively), whereas Houston had a response rate of 48% (12 interviewees) and Charlotte (6 interviewees) only had a response rate of 9%. Due to Charlotte’s low response rate, results for this community will be presented in the following sections, but strong conclusions cannot be drawn. The NOAA/NWC interviewees had an overall response rate of 56% (14 interviewees).



3.2 Community characteristics

The intentionally geographically and topographically diverse selection of communities yielded unique water landscapes and challenges in each, but also provided some generalizable issues and aspects associated with water governance.

Burlington: Burlington has a predominantly flat topography at the edge of the Champlain Valley, which historically has caused difficulties in trying to control stormwater run-off. As the largest city in a small state, there is a strong link between local (municipalities), regional (regional planning commissions), and state level planning; therefore, the “Burlington” case study was expanded to include regional-and state-level efforts. Interviewees reported urban and inundation flooding concerns in the Burlington area, but the rest of the state had more concerns with fluvial erosion and the movement of river corridors. The catastrophic flooding associated with Hurricane Irene in 2011 led the state to require the integration of flood resilience as a requirement in many planning efforts. The state has the Flood Ready Vermont website, the River Corridors program, and the Emergency Relief and Assistance Fund (ERAF) as examples of the forward-thinking efforts underway.

Cincinnati: Cincinnati sits at the confluence of the Licking, Little Miami, Great Miami, and Ohio Rivers, with the latter serving as the boundary between Ohio and Kentucky. The city is surrounded by hills ranging between 400 and 600 feet above the Ohio River. Water governance in the Cincinnati area necessitates interstate and regional collaboration given the path of Ohio River and proximity of the city to the Kentucky border. The community faces urban-related flooding challenges (stormwater, Combined Sewer Overflows, riverine flooding, mud/landslides, protecting critical dams, levees, and flood pump stations that prevent regional flooding). It has also had to deal with a series of storms and tornadoes in 2017 which animated investments in resilience planning within the city and state. There has been a focus on mitigating infrastructure and property damage, as well as maintaining high water quality.

Portland: The Columbia and Willamette Rivers are the twolargest rivers in the greater Portland region. The 1996 Willamette River flood was the largest recent flood event (the flood of record for the Federal Emergency Management Agency [FEMA]), but the area has not had a large flood event for around 30 years. While the City of Portland has engaged in multi-jurisdictional planning efforts, it has ample municipal-level planning capacity allowing it to operate largely independently from the broader county. The State of Oregon is unique in that it has state-level planning requirements outlined in the Oregon Statewide Land Use Planning Goals and it has a strong ethic of networked programs. Portland falls within the Multnomah County Drainage District, which is a special district that works to reduce flood risk through managing the levee system, responding to emergencies, and managing drainage (drainage in the area is controlled by levees). While interviewees reported flooding, flash flooding, and landslides as some of their top water-related climate concerns, they also emphasized that flood-mitigation planning does not occur at the county level and that some counties are often not involved in planning.

Charlotte: The City of Charlotte is located a few miles east of the Catawba River, and is proximate to several manmade lakes: Lake Norman, Lake Wylie, and Mountain Island Lake. The city resides within the Piedmont plateau, with the Appalachian Mountains located west of the Piedmont plateau and the Coastal Plain to its east. The Piedmont plateau is hilly and encompasses the most populous and urbanized cities in the state, one of which is Charlotte. For Charlotte, as well as North Carolina as a whole, flooding is a frequent and impactful hazard that tops the hazard list. For example, Eastern North Carolina encountered catastrophic flooding in 2016 and 2018 with Hurricanes Matthew and Florence. The eastern third of the state is low-lying with watersheds draining to the coast, while the western third of the state is mountainous, resulting in distinct but dangerous flooding challenges associated with complex riverine systems. Drought is also a concern, but it is secondary to flooding.

Boulder: Boulder is located in a wide valley basin, bounded by the Great Plains to the east and Rocky Mountains to the west, with the Boulder Creek supplying the primary flow of water. Boulder’s top hazard is flooding (especially, flash flooding and risk from channel migration and sediment erosion hazards). Drought and wildfires are also a concern with the December 2021 Marshall fire in Boulder County, the most destructive in Colorado history. Furthermore, the 2013 Floods were the “flood of record” which triggered FEMA and Community Development Block Grant (CDBG) funding in response to damages to homes and infrastructure. Colorado has several flood-and resilience-centric offices and programs. These include the Fluvial Hazard Zone Program, which helps “communities better identify, map, and plan for the flood hazards associated with erosion, sediment deposition, and other dynamic river processes” (Colorado Water Conservation Board, no date), and the Colorado Resiliency Office, which is housed within the Department of Local Affairs and was formed in a recovery aspect following the 2013 floods. Wildfire Ready Watersheds is a program developed by the Colorado Water Conservation Board which provides guidance for how to identify high risk priority areas after wildfires and their impacts to watersheds.

Minneapolis: Minneapolis and St. Paul are at the headwaters of three major watersheds, with water flowing away from the area to other states further down the Mississippi. There are two major waterways - the Mississippi River and the Minnesota River, which meet in the county. The Minneapolis area also has some unique geographic vulnerabilities (karst topography), which complicates water related hazards. For example, there are sandstone caves under downtown Minneapolis which can serve as unexpected conduits for stormwater, drinking water, and wastewater flow. These caves can enlarge quickly in response to long-term or acute volumes of flow and fail structurally, resulting in costly and hazardous sinkholes. The top threat for the state is flooding; i.e., stormwater flooding, basement flooding. The Minnehaha Creek Watershed District passes through Minneapolis and experiences flash flooding, with a record flood in 2014. In Minneapolis, there is a higher chance of flash flood warning due to the higher amount of impervious surface versus more rural counties. There is also concern about dam safety, as many dams are aging and coming under stress during heavy rain events. Minnesota has a climate change cabinet and subcabinet that reports to the Governor. There is also a resilient communities subgroup.

Houston: Houston, and its surrounding Galveston area, have very flat topography, which exacerbate the flooding challenges they experience. Almost all interviewees cited flooding as the top hazard of concern, along with extreme precipitation events, drought, and water quantity concerns. Hurricane Harvey in 2017 is considered the storm of record for the area, which resulted in catastrophic flooding and localized rainfall totals over 50 inches (US Department of Commerce, N, n.d.). It is the largest city in the Southern region of the U.S.; the flat, highly urban environment featuring extensive impervious surfaces results in water traveling quickly, horizontally, and with less capacity to infiltrate into deeper soil layers. The governance structures addressing water and flooding include municipal, county, special districts, and regional scales resulting in some entities either lacking authority or creating conflict over who does. Examples of planning efforts include the Resilient Houston plan, the Houston-Galveston Area Council’s Our Great Region 2040 plan, and hazard mitigation plans at city, county, and state levels.

NOAA/NWC Staff: While not a community in the sense of the seven described above, the NOAA/NWC staff interviewed for this study also represented geographic diversity and heterogeneity within their roles. Interviewees were based out of offices in Ohio, Massachusetts, New York, South Carolina, Alabama, Maryland, Tennessee, and Texas. NOAA offices included the National Weather Service, River Forecast Centers, Office of Water Prediction, National Water Center, Office for Coastal Management, and Weather Forecast Office’s. Of the 14 NOAA/NWC staff interviewed for this study, half reported being familiar (having experience) with resilience planning (50%), four were aware of resilience planning but did not have experience themselves (29%), and three reported no experience with resilience planning (21%).



3.3 Water-related community hazards

Across these communities, there were seven directly water-related hazards that were identified as water-related challenges: flooding (91% of interviewees), water quality (42%), water quantity (19%), drought (29%), erosion (29%), landslides (14%), and tsunamis (4%). In addition, there were two indirect water-related hazards: earthquakes (8%), and wildfires (13%). Interviewees identified changes to debris flow following a wildfire or damage to flood control infrastructure following an earthquake as relevant to discussions of water hazards. Examples of regional differences include a heightened wildfire concern in Boulder (50% of interviewees), and earthquake concern (44%) and tsunami (25%) concern in Portland. A summary of the hazards identified in each community can be found in Tables 1, 2.



TABLE 1 A summary of the specific flooding concerns raised by the seven communities.
[image: Table1]



TABLE 2 A summary of the most common water-related hazards discussed in the context of resilience and planning.
[image: Table2]



3.4 What does resilience planning look like in communities?


3.4.1 Resilience planning

When interviewees were asked about their experiences with resilience planning, most pointed out that resilience was incorporated as a part of multiple planning efforts as opposed to preparing a dedicated resilience plan. Hazard Mitigation Plans (state, county, and local level) were highlighted across all communities. Examples of other plans include the 2020 Colorado Resiliency Framework, The 2020 North Carolina Climate Risk Assessment and Resilience Plan, City of Boulder Drought Plan, Hennepin County Climate Action Plan, and the 2018 Green Cincinnati Plan. A comprehensive list of the plans discussed in the context of resilience planning can be found in Appendix C.

When describing the resilience planning process, interviewees highlighted several prominent factors. Most commonly, interviewees shared that they engage in planning to identify and define projects or actions that can be taken to achieve their future goals. Their planning is also about prioritizing projects and pursuing funding opportunities (74% prioritization, 60% funding). For instance, an approved hazard mitigation plan is prepared in part to be eligible for FEMA funding. Other plans are prepared to make the community more competitive for funding opportunities when they arise by being able to document that a proposed project will be in support of an established plan.

Other factors affecting the efficacy of resilience planning are staff capacity (31%), adherence to federal regulations (51%), the presence or absence of political will or non-federal regulations (86%), community acceptance (74%), and cost (commonly, cost/benefit analysis; 72%). Interviewees commonly shared that their own staff capacity was a limiting factor in their ability to write new plans, update existing plans, or to implement projects. Additionally, as many plans are written as a condition of eligibility for federal funding, federal regulations were cited as a common factor that guided many of the decisions involved in resilience planning. Some interviewees identified an unwillingness by their elected officials and community members to accept climate change as a real barrier to planning. Finally, concerns raised about the likely near-term costs associated with recommended actions made it difficult to implement resilience plans.



3.4.2 Resilience planners

The snowball recruitment technique allowed the interviewees to play a role in determining who was included in the resilience planning landscape. As such, this revealed a considerable diversity of individuals involved in resilience planning. Those self-identified in the resilience-related planning landscape included hazard mitigation planners, floodplain managers, emergency managers, consultants who were hired to assist with or write plans for communities, academics, water utility professionals, water quality experts, dam operators, hydrologists, and conservation districts. Some interviewees were the primary plan writers, such as state hazard mitigation officers, while others were involved in a supporting role such as academics from local universities. Additional interviewees were consultants from local nonprofits and private sector firms. Those involved in resilience planning had diverse experience with hydrologic models and the NWM. Across the selected communities, only 32% of the interviewees reported having experience running or working with hydrologic models themselves, where the majority either reported no experience (23%) or only experience working with model output but not running/working with hydrologic models themselves (45%). More specifically, most of the interviewees (60%) had never heard of the NWM prior to engaging with this study. Only 6% (6 individuals) of the interviewees reported prior experience with the NWM and 34% of the interviewees reported having heard of the NWM before, but they had not used it.




3.5 Reported information used, needed, and factors influencing data and information choices

To better understand the decision-making landscape of resilience planning, we also investigated the information uses and needs of the interviewees.


3.5.1 Tools and information currently used

To better understand how the NWM could be applied in the context of community resilience planning, this study explored the landscape of information that the resilience stakeholders currently used. The information used to make decisions about water-related vulnerabilities in community resilience planning can be grouped into two categories: federal data sources and local data sources. Federal information sources included information from the United States Geological Survey (USGS; e.g., stream gages), NOAA (e.g., National Weather Service, River Forecast Centers, Atlas 14 or 15), USACE [United States Army Corps of Engineers; e.g., Hydrologic Engineering Center’s River Analysis System (HEC-RAS)], FEMA (e.g., Flood Insurance Rate Maps (FIRM), Hazus), and Environmental Protection Agency [EPA; e.g., Storm Water Management Model (SWMM)]. Local information sources were more diverse and unique to each community. Examples include tools from the Mile High Flood District (CO), information from the CO Water Availability Task Force, the Minnesota Natural Resource Atlas’: Karst Feature Inventory Points and Inventory of Landslides –Historic Landslide Points, The State of North Carolina’s Division of Environmental Quality monitoring data, Hydrology and Hydraulics (H&H) models developed by contractors, the Flood Ready Vermont website, and Vermont River Corridors program. For a comprehensive list of data sources used in resilience planning, see Appendix D.



3.5.2 Information needs

In addition to current information uses, this study explored the information or data gaps that community resilience stakeholders were currently experiencing that hindered their planning efforts and resilience work. The top five water-related vulnerability information needs reported by the communities were: (1) better water-related modeling (42% of interviewees), (2) better information on climate change/future conditions (40%), (3) information/resources to better conduct education and outreach (41%), (4) better flood prediction information (31%), and (5) better mapping (specifically, flood-related mapping, 29%). For example, in Cincinnati calls for improved water-related modeling included better understanding interactions occurring between groundwater and surface water at levees and dams. With regards to the need for a better understanding of future conditions and climate change, Portland interviewees expressed interest in how the future would affect the monitoring and planning of water supplies given that they have a rain-dependent water supply which elevates the importance of understanding what summer flows will be. Snowpack is an important part of their supply and as the climate warms, they assume that the size of the snowpack will reduce, so they want to know how this will impact aquifer recharge.

Pertaining to education and outreach, several Portland interviewees noted that they feel the data they have access to is clear and sufficient for planning, but they struggle with how to communicate that information or to educate the general public about potential risks, e.g., “what is the best way to talk to people about risk without them shutting down?” For improved flood prediction capabilities, one Charlotte interviewee wanted a better means of providing North Carolinians with more advanced flood warnings, particularly for flash flooding from intense storms that spin up quickly during the spring and summer months. Finally in Minneapolis, a need for improved mapping was exemplified by their description of certain areas, notably rural areas, that are unmapped or lack data. Interviewees warned that insufficient resources in rural counties and portions of the state meant that there were areas that cannot always be mapped and limits their ability to gather GIS data to develop flood maps. They reported that while FEMA has mapped or has been contracted to map much of the state, there are still many communities in Minnesota that are less populous or for reasons unknown have not been included in existing FEMA maps.

A detailed summary of resilience-related data and information needs identified by communities can be found in Table 3.



TABLE 3 A summary of the most common data/information needs in community resilience-related planning.
[image: Table3]



3.5.3 Choosing among information sources and tools

In general, several interviewees noted that if they were given a choice between having access to a local water model and the NWM, they would prefer the local model. The preference for a local water model stemmed from a perception of higher local accuracy and trust with the model. Interviewees assumed that a local model would be “based on local data and a better reflection of the environment,” more accurate, and better calibrated to a local framework. In terms of trust, if the model was developed by a locally-known and trusted source, one interviewee said that they would stick to the local model. One interviewee explained that their community had drawn on direct community input in adopting their model and therefore speculated it might make their community less receptive to trying to secure the buy-in for using another model.

Despite a preference for a local water model, several interviewees noted potential benefits to using the NWM. First, even though local models are often inherently trusted, one interviewee said that they would look at what animated the development of the NWM and who the developer was as a basis for trusting it as an authoritative source for flooding information. Second, as one interviewee pointed out, while local scale data is generally preferred, “local datasets can go long periods without updates or modifications and are often supplemented with national data.” Therefore, the NWM would be beneficial as it is constantly updated. Finally, the NWM is beneficial in that its use is free for communities and can fill in some data needs where currently none exist; interviewees noted that many local models are expensive and are therefore inaccessible to many communities who have limited resources.




3.6 Community and NOAA/NWC recommendations

The community resilience stakeholders and NOAA/NWC staff generated recommendations for resilience planning applications for the NWM as well as opportunities for the NWC to support its utilization by communities. These recommendations were coded using the recommendation codebook in Appendix B and are described in greater detail in the following subsections.

The following sections outline two sets of recommendations. First, there are recommendations directed toward the community stakeholders that detail hypothetical use cases for leveraging the NWM in their resilience-related decision making. Second, there are recommendations directed toward NOAA/NWC staff that detail ways in which they could increase awareness of the NWM, ways to increase the accessibility of the NWM, and incorporate requested capabilities in future iterations of the NWM.


3.6.1 Recommendations for communities

The recommendations for how the communities can integrate the NWM into their resilience-related planning efforts were primarily in the category of hypothetical use cases. Hypothetical use cases refer to ideas for how the NWM could be used in the context of resilience-related planning, which included applications to emergency management, large basin/regional planning, scenario planning, as a first pass to determine areas for future analysis, providing information where none would otherwise exist, looking at historical data to inform the future, as another data point, and as a convening tool. Three additional categories included ideas for how data could be shared between the NWM and communities (2/7 communities and NOAA/NWC identified this category); there were three examples of existing use cases of the NWM (two by communities, one by NOAA/NWC), and the NOAA/NWM stakeholders had a recommendation for how communities should connect with the NWC (via regional offices, such as Weather Forecast Offices). Descriptions of the potential use cases and examples of community applications are detailed in Table 4.



TABLE 4 Key potential use cases, integrating NWM into resilience planning and supporting quotations for the recommendations for how the communities can integrate the NWM into their resilience-related planning efforts.
[image: Table4]

There was consistency between the recommendations that the communities had for how they could use the NWM in their resilience-related planning efforts, and the ideas generated by NOAA/NWC staff; i.e., every hypothetical use case category identified by the communities was also identified by NOAA/NWC staff. Commonalities across recommendations include using the NWM for larger regional and interjurisdictional analyses, as well as supplementing local data sources or providing data for planning when local options did not exist.



3.6.2 Recommendations for NWC support

The recommendations for how the NWC could better facilitate the use of the NWM in community resilience-related planning fell into three broad areas: awareness, accessibility, and requested capabilities. Since over 60% of the community stakeholders had never heard of the NWM, they had many suggestions for how they would like to learn more about the NWM. The accessibility area of support includes recommendations for how the NWC can facilitate use of the NWM by resilience-related stakeholders who have a diversity of areas of expertise. The requested capability area of support includes recommendations for additional features that the interviewees would like the NWM to have. Descriptions of the areas for NWC support, recommended actions, and example community applications are detailed below in Tables 5.1–5.3.



TABLE 5.1 Building awareness: recommendations related to the lack of awareness of the NWM and suggestions for how best to increase awareness of the NWM.
[image: Table5]



TABLE 5.2 Enhancing accessibility: recommendations related to the ability of communities to access and interpret the NWM and its related data and information products and services including suggestions for how to improve access to diverse stakeholders.
[image: Table6]



TABLE 5.3 Requested capabilities: these are recommendations about features or capabilities that the interviewees would like to see but that currently are not part of the NWM.
[image: Table7]

As detailed in Table 5.1, building awareness came down to communication strategies for the NWM that integrated directly within existing networks, identifying trusted connections or local champions, and taking advantage of conferences or venues for advertising the models’ capabilities that community stakeholders frequent.

Recommendations for the NWC to enhance the NWM’s accessibility largely centered around opportunities to educate and develop a rapport with end-users of the model, including the development of case studies, tailoring communications to specific audiences, and visualization of services to ease use among other actions. See Table 5.2 for additional detail.

Communities often requested the addition of novel features to the NWM. Examples of these included forecasting and modeling past 30 days, creating archives of data and model run results, as well as addressing water quality and water supply modeling needs. Recommendations common to two or more communities are further delineated in Table 5.3.

While quite a few recommendations to the NWC came from multiple communities, some interviewees from Burlington, Cincinnati, and Charlotte requested new capabilities that were unique to their respective cases.




3.7 Burlington

a. Municipality-specific page and alerts: In collaboration with local universities with GIS capability, the NWC or NWS could develop municipality-specific live pages that summarize forecast conditions across that municipality. In partnership with the private sector, the NWC could provide the ability for communities to sign up for alerts for specific areas on a map (alerts for high flow exceedance, etc.). This could be embedded on the local government websites so community members could see what is going on with Burlington rivers today. This could help with education and outreach.

b. Holistic elements on watersheds: The NWM should account for holistic elements in watersheds that support resilience: For example, the NWM should include gaming-discharges and effects, if it does not account for pluvial flooding, then it would not represent a major innovation over FEMA tools. The NWM and its outputs should be useful in the context of understanding challenges. For example, the NWM should account for impervious surfaces, mitigating loss of pervious surfaces, manage channels to account for their sinuosity and sediment transport such that the channel does not straight-line the water downhill.

c. Watershed scale: The NWC should provide information on river systems on the watershed scale - the more information that could be portrayed on the watershed scale would be critical. Helpful in educating emergency managers and responders.

d. Fluvial erosion: The NWM should incorporate fluvial erosion.



3.8 Charlotte

a. Communication: Science communication was a challenge. They need an understanding of models and results that can reflect the accuracy of models to decision makers. How do they communicate it?



3.9 Cincinnati

a. Landslides: The NWC could provide guidance on how the model could help anticipate where landslides might occur in topography. E.g., through proxy data (soil moisture, etc.), such as from the NWM retrospective run data.

b. Dams/Levees: Communities would like more information on the interaction between groundwater and surface water at levees and dams. They could also use more 3D groundwater flow modeling and groundwater flow velocity at levees and dams.

The seven communities and NOAA/NWC had distinct recommendations for how the NWM can be used for community resilience planning. While every hypothetical use case category was identified by both the communities and NOAA/NWC staff, only 7 of the 30 suggested actions in the recommendations directed toward the NWC were identified by both the communities and NOAA/NWC staff. Most of the discrepancy was centered around the “requested capabilities” theme, which explored a series of ideas that the community had for additional features that they would like to see the NWM have. In this category, only four of the 20 suggested actions were identified by both the communities and NOAA/NWC staff (technical changes to the NWM, incorporating climate/future change, providing planning guidance and support, and creating an archive of results/data). Additionally, there was a greater number of suggested actions (all isolated within the requested capabilities category) that were only identified by single communities.




4 Discussion

While the results presented above have been specific to investigating the application of the National Water Model to resilience-related planning, the findings hold key lessons that can aid other climate service developers in their effort to provide actionable science for real world applications. These key lessons are: (1) It is important to engage target end-users in the development of climate services to increase awareness and adoption of the tool or service and its efficacy, (2) The accessibility of climate resources can be improved by considering the diverse perspectives of end-users as a part of the tool development process, and (3) Climate services should be developed to support planning for many timescales to include future conditions.


4.1 Importance of community engagement in climate service development

Results from this study highlighted the importance of community engagement in the climate service space in three ways: (1) It can help to increase the awareness of the tool or service, (2) It can help increase the adoption of the tool or service, and (3) It can help improve the tool or service. First, as highlighted by the fact that 60% of stakeholders engaged in this study had never heard of the National Water Model, a focus on awareness is the indispensable first step in tool adoption by end-users. In the case of the NWM, as soon as the stakeholders became aware of its features and capabilities, they were able to provide many ideas for its use and became enthusiastic about its potential application to their work. Second, community engagement aided in tool adoption by developing trust in the resource among community stakeholders. Several of the communities (3 of 7) highlighted the value of personal connection in building trust to facilitate the adoption of a tool by communities, echoing the work of Allen and Mohatt (2014) and Raub and Cotti-Rausch (2019), who also showed the importance of developing trust in a tool or resource as a means to facilitating its adoption by end-users. Building trust is key when there is a heterogeneity among end-users. A tools application also needs to be tailored locally for it to be supportive of employing resilience and mitigation measures:


“Although Mitigation is the responsibility of the whole community, a great deal of mitigation activity occurs at the local level. The assessment of risk and resilience must therefore begin at the community level and serve to inform our state, regional, and national planning,” (Homeland Security, 2011).
 

If given a choice, the study’s interviews showed that many stakeholders indicated a preference for a locally specific water model as opposed to a National Water Model. This is because they perceived that the NWM would not be able to provide a fine enough resolution or be specific enough to their local needs. However, communities also showed a recognition that they faced similar challenges to other communities. These included concern with flooding, capacity challenges in the planning and resilience space, and the presence of gaps in information about water-related vulnerabilities. Done properly, the community engagement process can help communities understand how a tool developed to address a shared challenge can meet their local needs and help to build trust in a particular resource.

This study showed how community engagement can play an invaluable role in improving a climate service. The communities and NOAA/NWC interviewees all came up with hypothetical use cases within the same categories, showing consistency in their vision for how the NWM could currently be used in community resilience-related planning. The communities helpfully recommended new capabilities for the NWM that the NOAA/NWC stakeholders had not considered.

The importance of community engagement in the development of climate services is not a novel result, rather it is a well supporting finding (Pahl-Wostl et al., 2007; Meadow et al., 2015; Jacobs and Street, 2020; Findlater et al., 2021). As stated by McNie (2012, p. 24), “while basic research will always have a large and important role to play in climate research, science-policy decision makers need to give serious consideration to expanding support for problem-driven research design, implementation, and integration into existing knowledge and policy systems, particularly if the objective is to produce useful climate science for place-based decision support.” It should be noted that there is both an art and science when it comes to undertaking successful community engagement. Specifically, the methodological choices when designing an engagement approach must be tailored to each individual context. However, there are multiple approaches to collaboration and community engagement that have been proven effective, such as: action research, transdisciplinary, rapid process assessment, participatory integrated assessment, and boundary organizations (Meadow et al., 2015).



4.2 Enhancing tool accessibility to increase end-user diversity

The results of this study revealed that there is a wider audience of potential end-users in the resilience planning space than is often understood by the developers of climate tools and models. The broader implication of this revelation is that developers of discipline-specific climate services, such as the NWM, need to invest in getting to know just who is doing climate resilience-related planning in communities. An important way to accomplish this is to employ the snowball recruitment technique that this study used to solicit interviewees. While the study began with the expectation of engaging floodplain managers, emergency managers, or hazard mitigation planners, it ultimately ended up interviewing stakeholders involved in water quality, conservation, and dam operation. While some stakeholders were experienced with hydrology, others were not, yet all worked with water-related hazards or were users of water-related data and information.

If climate service developers want to increase the accessibility of their resources they need to involve more diverse end-users in the development process. Often tool developers design tools for specialists, when, in reality, many potential end-users are anything but (Hewitt et al., 2020). For example, several of the interviewees from this study commented on how “user-unfriendly” they found the material describing the NWM: according to one Portland stakeholder, the “big problem is that it [the NWM and its communications] looks like it was designed for water resources engineers, but the people who would use it are planners, city staff, etc. who use different terms.” Additionally, all seven communities had recommendations for how the NWC could increase the accessibility of the NWM through improvements in communications that account for, or are tailored to, additional audiences. The potential benefits for accounting for the broad areas of expertise of resilience stakeholders are two-fold: (1) an increase in use of the tool as intended, and (2) the tool ends up reaching an even broader group of potential users. Community engagement can facilitate both benefits by exploring potential users and uses of a resource. By designing tools with a comprehensive view of community end-users in mind, the likelihood of fragmentary and contradictory climate service implementation may be reduced, allowing for the resources to be used more efficiently and effectively (Hewitt et al., 2020). Climate tools themselves also gain legitimacy with increased accessibility for user audiences when they are designed in co-production with end-users (Vincent et al., 2018).



4.3 Developing climate service to support multiple timescales and planning for future conditions

A key result from this study was that planning that only takes into account past and current conditions is inadequate for advancing community resilience. Planning should involve adapting to expected future risks. Interviewees expressed a need to anticipate likely future conditions and requested that the National Water Model be enhanced to assist them with this need. The community-based interviewees recognized that planning must be done with longer term horizons that take into account more frequent and intense disruptions along the way (Hewitt et al., 2020). Accordingly, those developing climate services or other tools should be looking to design tools that can provide data on potential future conditions and incorporate visualization services for different time horizons and event probabilities.

One example of a successful approach was the Water Utility Climate Alliance’s (WUCA) effort to aid water utilities in their response to climate change, including how to incorporate a source of information with inherent uncertainty into their operations and decision making (Barsugli et al., 2012). A “chain-of-models” exercise was employed by WUCA to make projected climate changes understandable and usable in decision making by water utilities (Vogel et al., 2016). Using a bottom-up approach, WUCA was able to design the chain-of-models exercise to translate climate projections to water utility operation models, which was a usable scale for this stakeholder groups decision making.

Climate services should also be capable of supporting the multiple timescales associated with resilience planning. While the NWM has only a 30-day forecasting ability, interviewees identified that it can still support future-oriented resilience planning. This is because resilience planning often involves securing funding to implement projects identified within a plan or implementing portions of a plan prior to, during, or following a hazard or other disruptive event. As a result, resilience-related planning ends up encompassing many different timescales, many of which the NWM can currently support. For instance, interviewees suggested that the NWM could be used to assess large river systems to provide information about water-related vulnerabilities in areas where no other information would otherwise exist. This in turn could guide project prioritization for funding applications, or general planning efforts.

In general, the concept of resilience encompassing multiple time scales is supported through academic concepts such as the application of panarchy theory to resilience thinking (Berkes and Ross, 2016). Panarchy theory encompasses the concept of complex adaptive cycles (Gunderson and Holling, 2002), which can help transition resilience as a theory to communities in practice by including the relationship between multiple scales (Berkes and Ross, 2016). Multiple timescales and scales in general are inherent to resilience thinking. This study found that the NWM can be applied at several of the shorter timescales of resilience-related planning and highlighted the need for an array of climate services tools that are able to incorporate longer-range timescales and the interactions between those multiple scales in planning. Tool developers can potentially increase the efficacy of climate services by responding to this need to support all the temporal dimensions of resilience planning. One such method of investigating and incorporating the multiple timescales in resilience-related decision-making is through the use of a decision calendar, which “allows identification of critical time periods (so called “entry points”) and formats to provide climate forecasts and information, as well as to infer climate information that is potentially useful, but not currently used” (Ray and Webb, 2016, p. 29).




5 Areas for further research

The communities engaged in this study were intentionally selected for their capacity to engage in planning. However, many smaller or more rural communities struggle to engage in resilience planning efforts. Accordingly, it is important to investigate the resilience planning landscape of communities that have much more limited planning capacities and how they could interact with climate services such as the NWM. This study focused specifically on the NWM’s application to resilience planning. Future studies could explore how the NWM and other climate services could address the need for communities to understand and adapt to climate change. Given the timing of the study relative to the rollout of the NWM’s Next Generation (NextGen) Framework, new research could also examine applications to directly integrate local data into the NWM thereby providing added flexibility of the NextGen Framework.

A critical avenue for future research is to examine the role of seasonality, uncertainty, and timing of resilience decision making. While this study emphasizes the significance of the NWM in community resilience planning, it does not explicitly address the temporal and seasonal dimensions of resilience decisions or the uncertainties present in the models forecasts. It is well known that all forecasts involve uncertainty and seasonality, which undoubtedly impacts the use of forecasted information in decision making (Hartmann et al., 2002; Dilling and Lemos, 2011). For example, the present version of the NWM, especially before the roll out of the Next Generation Framework, is known to perform better in certain geographies than in others. Therefore, not only is there a temporal aspect to the uncertainty associated with the NWM, but there is also a spatial aspect to the uncertainty. It is crucial to “move past first-order questions regarding if and how stakeholders use climate information, to more sophisticated and contextual second-order questions to assess what is needed for the information to be useable” and this investigation provided the first order context from which the second order questions can now be investigated (Ray and Webb, 2016, p. 28). As this study revealed that the majority of the resilience-related stakeholders had never heard of the NWM prior to engaging in this study and very few of those who had heard of the NWM had any experience in using it, it was necessary to first investigate the broader landscape of this decision-making context.

Acknowledging and addressing these temporal considerations will not only align the model more closely with the needs of end-users but also mitigate the risk of unintended or incorrect applications. While the current study has provided valuable insights into community engagement, accessibility, and planning for multiple timescales, it is imperative to recognize the current limitations related to the NWM. Addressing these limitations in future research endeavors will contribute to a more comprehensive understanding of the model’s capabilities and guide enhancement that will make it more effective in supporting community resilience planning.

Climate services represent an opportunity for hydrology and natural sciences more broadly to inform community resilience and climate planning; collaboration between tool developers and frontline planners will be increasingly essential as environmental conditions, modeling technologies, and their scientific underpinnings rapidly change.
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Potential use cases
Description of use case

Example community applications

Emergency management (7/7+ NOAA): How the NWM

could be used in the context of emergency management.

Large basin / regional planning (6/7 + NOAA): How the
NWM could be used for larger basins or river systems,
regional planning, or to provide broader context to local

water-related concerns.

Scenario planning (6/7+ NOAA):

be used by commu

low the NWM could

fes to assess various scenarios to make

Tocal, but future decisions.

Preliminary Assessment (3/7+ NOAA): How communities
can use the NWM to assess areas where limited resources o
further study should be targeted.

Providing information where none would otherwise exist
(6/7+NOAA): How the NWM could be used to fill gaps in
information or to provide information in data-poor regions
Hindcast / historical data to inform the future

(6/7+ NOAA): How communities could leverage the NWM's
retrospective run capability to access historical data that
could be used to make decisions about the future.
Additional Data Tool (6/7 + NOAA): How the NWM could
be added to.a suite of other tools or resources to provide
credibility. In general, a sense of “the more information the
better”

Convening tool / community education (6/7 + NOAA): How
communities can use the NWM to facilitate conversations
with stakeholders to educate about flood risk, or convene:

planning discussions with diverse stakeholders.

Charlotte: A local model could be used for flood inundation from actual readings, but communities could use
the NWM to see creek discharge and to ID anomalies/above normal flood patterns. Communities could use
local models for rainfall and stage, but the NWM could aid decision-making when there is more time ahead of
known large rainfall systems

Houston: The NWM could be used for response and recovery planning, or event and evacuation planning.

Portland: The NWM would be good for large basin planning, lie for the Willamette river basin (' or % of OR)
- e.g., for visualizations and developing maps o share with decision makers. Understanding how services are

delivered in the context of national delivery would be valuable.

Burlington: The NWM could help communities understand how flooding will impact a town, business, etc
they could leverage the NWCS GIS visualization service on it website that provides visualizations 5~10miles
around any forecast poin (gage) at minor-, moderate-, and major-flooding.

Houston: One stakeholder would “love to see if [the NWM] could be used for scenario planning for water
related disasters - even at the regional scale would be useful (help prioritizing projects, issue identification).”
Portland: If the NWM could show that conditions were changing by a certain amount in specific sections of a
System, then they could look at a more localized model in that area. “It s a big system - knowing where to focus
energy would be helpful.”

Portland: The NWM could be used in hazard mitigation planning to map arcas not covered by FEMA or to

help local governments compare to what FEMA has.

Charlotte: Ifa community were trying to forecast flows at a river reach scale, they could look at the NWM
retrospective data set to see if the simulated 100-year matches up with a cross section. The NWM simulation is

based on observed rainfall, 5o the community could see i it matches

Portland: The NWM could be used similar to how data from the NFIP is used. “Is there a better model for flood
elevation versus flood extent?” With better data they would add the NWM to the suite of things. The NWM
could provide a more data-driven day-to-day understanding of how those water sources impact the community.

Burlington: Flood amesia happens in communitis - even if the NWM is not a fine-tuned model, it issill
important to get people to visualize risk. Whatever locallevel people can use for visualization will help
immensely. Communities could use the NWM and its related data and visualization services o aid in flood risk

communication.





OPS/images/fclim-06-1291165-t005.jpg
jgested actions Example community applications

Leverage networks / partnerships (7/7 + NOAA): These Burlington: Get Vermont Emergency Management faniiliar with the NWM - the more the model i
recommendations suggest networks or partnerships that the NWC  made familiar the more people will useit, VEM holds virtual weather/pre-event briefings when a big
could leverage to increase awareness of the NWM. storm s predicted and they provide daily 1-page briefings, which includes links to river tracking tools.
Presenting and sharing the NWM (6/7): These are specific Charlotte: The NWC could present on the NWM at events or conferences for the National Emergency

suggestions for where the NWCM should share or present about the  Management Association and Association of State Floodplain Managers. Communicate the value of
NWM to increase awareness. NWM and showcase services it can provide.
Minneapolis: Present case studies at the American Institute of Hydrology (AIH) conference.
Houston: The NWC should tap into students. One interviewce shared that a lot of what they use in

their career now is what they learned in grad school,

Leverage personal connections (3/7): These are recommendations  Portland: The NWC should leverage peer learning as most local communities are more willing to listen

that highlight the importance of personal connection as a mechanism | fo their neighbors. f one community is ‘out in front, it tends to bring others along. Community

o facilitate increasing awareness and use of the NWM. engagement, education, and outreach takes time (c.g, years o get a community comfortable with data
and results).
Portland: The NWC should identify/foster local champions for the NWM, otherwise people will not use
it. “You almost need a local champion at every step of the way to move things forward. Inertia s really

hard to overcome
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Cincinnati ~ Portland rlotte Boulder  Minneapolis

Flood 19/20 (95%) LU/11(100%)  16/16 (100%) 6/6.(100%) 16/16 (100%) 13/14 (92%) 11/12(92%) | 92/95 (97%)
Water Quality 12/20 (60%) 7/11 (64%) 7/16 (44%) 1/6 (17%) 6/16 (38%) 6/14 (43%) 112 (8%) 40795 (42%)
Water Quantity | 0/20 (0%) 3/11(27%) 4016 (25%) 076 (0%) 6/16 (38%) 3/14 (21%) 212(17%) 18/95 (19%)
Drought 5/20 (25%) 2/11 (18%) 5/16 (31%) 116 (17%) 9/16 (56%) 4/14 (29%) 2A12017%) 2895 (29%)
Erosion 11/20 (55%) 3/11(27%) 3/16 (19%) 116 (17%) 5/16 (31%) 4/14 (29%) 112 (8%) 28/95 (29%)
Landslide 1120 (5%) 3/1127%) 5/16 (31%) 116 (17%) 0/16 (0%) 3/14 (21%) 0712 (0%) 13/95 (14%)
Tsunami 0/20(0%) 0711 (0%) 4016 (25%) 076 (0%) 0/16 (0%) 0/14 (0%) 0712 (0%) 4/95 (4%)

Earthquake 0/20 (0%) 0711 (0%) 7/16 (44%) 0/6 (0%) 1716 (6%) 0/14 (0%) 0712 (0%) 8/95 (8%)

Wildfire 1/20(5%) 0711 (0%) 2/16 (13%) 176 (0%) 8/16 (50%) 0/14 (0%) 0712 (0%) 12/95 (13%)

Other 6/20 (30%) 1/11(9%) 8/16 (50%) 3/6 (50%) 1116 (5%) 8/14(57%) T12(58%)  34/95 (36%)
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Information gton Cincinnati Boulder  Minneapolis  Houstol

eds

Maps - flood-related 5/20 (25%) 4/11(36%) 3/16 (19%) 2/6 (33%) 4/16 (25%) 2/14(14%) 8/12(67%) 28195 (29%)
Maps - general 2/20(10%) 2/11 (18%) 2/16 (13%) 0/6 (0%) 0/16 (0%) 0/14.(0%) 0/12.(0%) 6/95 (6%)

Modeling 6/20 (30%) 7/11 (64%) 9/16 (56%) 416 (67%) 7/16 (44%) 4/14 (29%) 3/12(25%) 40095 (42%)
Flood prediction 4/20 (20%) 6/11(55%) 3/16 (19%) /6 (67%) 5/16 (31%) 5/14.(36%) 21207%) 2995 (31%)
Landslides 0/20 (0%) 0/11(0%) 0716 (0%) 0/6 (0%) 0/16 (0%) 1714 (7%) 0/12.(0%) 1/95 (1%)

Sea level rise 0/20 (0%) 0/11(0%) 116 (6%) 0/6 (0%) 0/16 (0%) 0/14.(0%) 21207%) | 3/95(3%)

Erosion 1120 (5%) 0/11(0%) 0716 (0%) 0/6 (0%) 0/16 (0%) 0/14.(0%) 21207%) | 3/95(3%)

Precipitation 2/20(10%) 2/11 (18%) /16 (25%) 3/6 (50%) 1116 (6%) 5/14(36%) 412(33%) 21195 (22%)
Future/climate change  3/20 (15%) 5/11 (45%) 9/16 (56%) 2/6 (33%) 5/16 (31%) 11/14 (79%) 3/12(25%) 38195 (40%)
Stormwater 3/20 (15%) 1/11(9%) 3/16 (19%) 2/6 (33%) 1716 (6%) 1/14 (7%) 112(8%) | 12/95 (13%)
Built Infrastructure 3/20 (15%) 3/11 (27%) 3/16 (19%) 0/6 (0%) 4/16 (25%) 3/14 (21%) 412(33%) 20195 (21%)
Social vulnerability' 1120 (5%) 3/11 (27%) 2/16 (13%) 0/6 (0%) 2/16 (13%) 2/14 (14%) 112(8%) 11195 (12%)
Education/ Outreach 5/20 (25%) 711 (64%) 9/16 (56%) 4/6.(67%) 3/16 (19%) 6/14 (43%) 5/12(42%) 39195 (41%)
Other 11/20 (55%) 8/11(73%) 7/16 (44%) 0/6 (0%) 8/16 (50%) 5/14 (36%) 21207%) 41195 (43%)

‘Social vulnerability includes human factors or the social environment, such as equity and vulnerability.
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iggested actions Example community applications
Training / Educational Opportunities (7/7+ NOAA): Minneapolis: “The NWC should provide an online video tutorial for how to use the NWM to look at
Recommendations for training or education materals or past events (for example). “People tend to use YouTube all the time these days. Think about how
opportunities to increase the accessibility of the NWM. we operate in the real world and then apply that to more academic situations.”

Case studies (6/7): Recommendations for the NWC to provide case  Charlotte: The NWC should create case studies of real applications of the NWM in communities, and
studies or examples of how other communities have applied the how it can be used even with limited resources

NWM to resilience-related or other planning efforts.

Communication / audience (7/7): Recommendations for how the  Boulder: " irst glance, the model i very technical, and most people aren'ttechnical The NWC
NWC could/should tailor communications about the NWM to should update the website to make communications about the NWM more accessible and wser friendly.
be more accessible in general and to specific audiences of end-users. | They reported that it “feels very inaccessible" and are not sure how they would use it”

Houston: Outreach about the NWM cannot be one-size fis all - need mult-disciplinary, different
styles, different formats (even K-12 material)

Trust / development with end-users (6/7+ NOAA): Burlington: The NWC should focus on building trust with communities through NWM outputs.
Recommendations that reflect the importance of trust (ina tool or | Communities default to using what they know over something new, such as when preparing and
with the developer), how the NWC could build trust, or directly responding to disasters they will turn to what they are comfortable with, which is often local,

about the importance of including end-users in the tool development  Minneapolis: “Dropping a NWM and expecting someone will find it is not realistc. If a tool is created

process in solation from efforts within a state, it is not going to be used. End-users must be informed and
involved as the tool is developed from the beginning. This is also applicable to sovereign nations and
tribal nations in our state, you have to bring everyone along. Must account for communication styles

and you sometimes must compensate for participation”

“Tool Differentiation (6/7): Recommendations that request Minneapolis: How does the NWM compare and contrast to different models? Does it use the same or

comparisons between the NWM and similar tools to aid communities  different raw data?

ing whether to commit time and effort to a new resource. Houston: There is an issue in the overlap between the NWM and other models, there is confusion in

‘how the NWM is used in conjunction with other models.

Visualizations (4/7): Recommendations related to how data and Portland: Representing data visually through maps or interactive (GIS/animations). GIS is good
information from the NWM could be visualized to increase because organizations can then show stakeholders how it works. Could provide GIS layers like FEMA
accessibility. with a similar process and boundaries (e.g., for the 100-year floodplain).

Questions the community has about the NWM (6/7): Questions the ~Portland: How can the NWM contribute to communities'information needs around water supply? E.g.,
community raised about the NWM, which highlight areas that could  since OR has a lot of high elevation, snowpack is an important part of supply, as the climate warms, they
be improved or included in future communications with potential assume that the size of snowpack will reduce - what impact will it have on aquifer basin recharge?

end-users in the resilience-related planning context
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gested actions

Technical change (3/7+ NOAA): Recommendations for
technical changes that would increase NWM accessibility or
application.

Climate / future change (5/7+ NOAA): Recommendations
for the NWM to include climate or future changes past current
30day forecasting ability.

Greater Resolution (5/7): Recommendations for the NWM to
include more local or finer resolution data with more details

relevant to local communities.

Provide planning guidance and support (4/7+ NOAA):
Recommendations for the NWC to provide guidance or other
documentation to support the use of the NWM by
communities in planning efforts.

Archive of results / data (3/7 + NOAA): Recommendations
for the NWC to make an archive of retrospective data available

to communities.

Flood risk / prediction (4/7): Recommendations for

additional capabilities around flood risk or prediction.

Equity (2/7): Recommendations for how the NWC could
incorporate equity or other social vulnerability data into the
NWMs capabilities.

Urban flooding (2/7): Recommendations for how the NWM
could provide information and support for urban flooding

concerns.

Precipitation (2/7): Recommendations for how the NWM
could provide information and support for precipitation-

related concerns.

Water supply / availability (2/7): Recommendations for the
NWM to address or provide data/information on water supply

T availability.

Water quality (3/7): Recommendations for the NWM to

address or provide information on water quality.

General support services (3/7): Recommendations for

general support services that the NWC could provide on the

use of the NWM by communities.

Integrate local sensors (2/7): Recommendations for the
NWM to integrate local stream flow gages or other water

sensors.

Example commi ns

ity applica

Charlotte: The NWC should provide an easier way to access NWM data, such as an API to make calls to

stations.
Houston: The NWM needs to be more accurate, especially getting the flows.

Cincinnati: Communities are ofien asked to predict future storm events, it would be helpfu if the NWM could
help anticipate changes or give credibilty in reporting.

Cincinnati: NWM should incorporate smaller watersheds, culverts or changes in development - e.g, Does the
model account for a small lake will attenate a flood?

Boulder: There is not enough detail for small watersheds. One option would be to have the NWM link to, and
take advantage of, local data. If it were all hosted i one place, it would be much casier or the public to find.

Portland: The NWC should make clear the role of the NWM in decision making, a big rsk or challenge is that

modeling is one piece that informs decision making but i is not THE picce that informs it

Burlington: Create an archive of results/data that can be used to identify hot spots through different events

that can inform future decision making.

Portland: The NWM should provide better historical lood information/mapping and provide updated riverine
and flood melds for all waterways.

Portland: Could the NWM overlay/integrate information around equity and vulnerability, lie the CDC social
vulnerability index, or EPAS environmental justie tool, which would be helpfu for planners and emergency

response?

Portland: They rely on FEMA flood maps, so nuance and urban flaoding are not well-captured in planning.
FEMA maps do not cover all flood hazards in bigger watersheds for drainage rlated floods... They generally
address large watersheds, so smaller watersheds do not get mapped, especally in coastal mountains. Need better
information about urban drainage, outside of the mapped areas.

Charlotte: Rainfall prediction models from national datasets are not often reflctive of NC and the state sub-
‘geographies. Hard to find data at a nuanced scale or to know if it is eflctive of the current situation.

Portland: Could the NWM provide downscaled climate data? E.g, Oregon lacks comprehensive Atlas 14
standardized data. NOAA notes they are working on Atlas 14 and the launch of Atlas 15 (will have a climate
projection piece). This includes an update to probable max precipitation (PMP) studics.

Minneapolis: “We are also interested in [how the NWM could contribute o] low-flow events” Mississippi is
Minneapolisdrinking water source, with Minnesota River currently becoming a source. Drought scenarios affect

drinking water supply, so knowing how low and long it can go (and the quality once low), will be important.
Cincinnati: Predict information on the water quality impacts of river stage events (chemicals,dissolved solids,
etc.) and its impact on water treatment needs to serve customers...the NWC could have existing products that
help - it would be nice if NWM had information on what contaminant concentrations are in ungauged areas.
Minneapolis: One interviewee suggests having a contact or helpline/desk available to ansswer commonly asked
questions

Burlington: The NWC should use local meters to help calibrate the model—E.g, Burlington has a large

‘number of meters around the city, would it be possible to set meters that are intentionally moved around to

support calibrating the model?
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Interview Interview
Resilience stakeholders in NOAA/National
each community. Water Center staff

Collaborative Sessions
Held with each individual community and NOAA/NWC staff to generate recommendations for how the
NWM could be used in community resilience planning and how the NWC could support this use

Data Analysis

Study participants invited to react to summary results
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Flooding Burlington  Cincinna Portl: rlotte Boulder Minneapolis Houston Total
type

General 17/20 (85%) 10/11 (91%) 15/16 (94%) 6/6 (100%) 6/6 (100%) 11714 (79%) 1/12(92%)  86/95 (91%)
Riverine 5/20 (25%) 7111 (64%) 6/16 (38%) 316 (50%) 4/16 (25%) 4714 (29%) 21207%) 31195 (33%)
Flash 0/20 (0%) 2011 (18%) 1/16 (6%) 116 (17%) 4/16 (25%) 1714 (8%) 112 (8%) 10/95 (11%)
Pluvial/ Fluvial 1/20 (5%) 0/11(0%) 1/16(6%) 0/6 (0%) 4/16 (25%) 0714 (0%) 112 (8%) 7195 (7%)
Storm- water 6/20 (30%) 4111 (36%) 5/16 (31%) 316 (50%) 4116 (25%) 4714 (29%) 112 (8%) 27195 (28%)
Nuisance 1/20 (5%) 2016 (13%) 2116 (13%) 116 (17%) 0/16(0%) 0/14 (0%) 0/12 (0%) 4195 (4%)

Dams 2/20 (10%) 6/16 (38%) 6/16 (38%) 116 (17%) 3/16 (19%) 3/14(21%) 0/12(0%) 17/95 (18%)





