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B.  Project Narrative

B1:  Problem Statement(NOTE – THIS SECTION NEEDS TO BE REDUCED TO 1 PAGE!)
Southern New Hampshire, like many coastal areas in the United States, is confronting the effects of rapid development and associated land use change while also recognizing the serious and multi-faceted implications of climate change.  Both factors influence the frequency and magnitude of flood events.  Recent regional flooding events, including major events in 2005, 2006, and 2007, as well as national examples (e.g., Hurricane Katrina) demonstrate a lack of resilience in municipalities and the corresponding tremendous cost to society. They have also revealed concerning gaps in local decision-relevant flood risk information available to aid municipal officials and regional planners (e.g. Comprehensive Flood Management Commission (CFMSC), 2008). Of the many lessons learned from natural disasters, one important element is the need to plan for a changing climate and build in resiliency (ASCE 2007).  Advance planning and investment in measures to adapt to climate change will typically result in less damage and lower overall costs to municipal and state governments (CLIMB 2004, Stack et al, 2007).  
Coastal communities need to recognize three aspects of flood risk: 1) lowland coastal flooding caused by storm surge and sea level rise, 2) flooding within the freshwater reach of a watershed due to climate change-associated increases in storm depth, 3) flooding within tidal estuaries where the effects of sea level rise, storm surge, and increased storm depth will combine to result in dramatic changes to floodplains.  While some communities have begun to consider impacts from sea level rise, they lack the information required to consider climate change impacts upon the 100-year floodplain for freshwater systems. An overwhelming body of research indicates changes to rainfall amounts, type, and distribution. 
In some areas rainfall depths have increased by as much as 28-60% for the 25 to 100-year storms (Guo, 2006). These increased rainfall amounts coupled with changes in land use result in dramatic increases in the floodplain elevation and areal extent impacting both public safety and municipal infrastructure. 

To facilitate effective planning, decision-makers seek information that provides insights into the future implications of continued land use and climate change at a local scale.  Updated floodplain maps and flood risk information have been recognized both nationally and locally (CFMSC 2008) as critical for effective municipal decision-making and regional planning in the context of climate change.  Flood risk information and floodplain maps currently used by decision-makers are based on historic rainfall and peak discharge data that do not represent either 1) current or future predicted rainfall patterns (Wake et al. 2006, Hayhoe et al. 2007, Madsen and Figdor 2007) or 2) land use changes that have altered and will continue to influence runoff rates (CFMSC 2008, Simpson, 2007; Snover et al, 2007). Through a pilot project in one sub-watershed of Great Bay, the Lamprey River watershed, this project will develop updated floodplain maps based on a suite of land use and climate change scenarios.  These maps will address an immediate information need, and will provide a basis for comprehensively assessing factors that affect flood risk in ways that are relevant to municipal decision-makers and regional planners.
This project will draw clear connections between local government land use policies and communities’ resilience to climate change.  The products and associated outreach efforts will emphasize that improved land use strategies, while not preventing climate change, can help mitigate some of the very serious consequences it will pose to human safety, private property, and municipal infrastructure.  Implementing design practices such as those associated with Low Impact Development (LID) (e.g., pervious pavement, preserving buffers) can substantially reduce storm volumes and impacts to runoff hydrology during flood events (Urbonas, 1993; Daniels, 2001; Coffman, 2005; Stack et al, 2007).  These same practices have the added benefit of improving water quality associated with stormwater runoff (Roseen, 2006; Dietz, 2007; UNHSC, 2007; NRC, 2008), a pressing concern to planners, coastal managers, and regulators (CITATIONS—include CICEET survey, EPA 2006, RARGOM 2006, GOMC 2006, NHEP 2005, Smith 2004).  By evaluating a suite of independent and joint climate change and land use scenarios, the importance of land use decisions to community resilience in the face of climate change can incorporate into decision-relevant information sought by managers and planners.

B2: Project Overview

This project will develop updated floodplain maps and flood risk information for the Lamprey River Watershed based on a variety of land use and climate change considerations for the largest sub-watershed of the Great Bay drainage (Figure 1).[do we want a disclaimer here that indicates these are not legal floodplain maps but will follow recommended guidelines? Cam I think this is for you. You had a clear concise description of this in our last meeting] Land use scenarios will include: 1) historic conditions for the existing legal FEMA floodplain, 2) current conditions based on recent land use assessments, 3) forecasted changes of a build-out condition based on current zoning, and 4) forecasted changes based on a low impact development (LID) build out scenario based on recent legislation (NHDES, 2007). Historic records will be examined with modeled changes in precipitation for 2 future time periods from 2040-2070 and 2070-2100 using atmosphere-ocean general circulation models representing a range of CO2 emissions scenarios. Changes in the hydrology and hydraulics of the floodplain analyses will be developed. A limited number of conditions will be chosen to clearly illustrate the broad range of flooding impacts that depend upon our local/regional land use planning and global greenhouse gas emissions scenarios. It is important to note that the land use and climate change factors can be decoupled from one another or applied jointly in the analyses.  While changes in precipitation cannot be mitigated at the local level, municipalities exercise extensive control over local development and land use.  By understanding how build-out regulations and development strategies (e.g., current development approaches vs. low impact designs) will affect flood potential, local decision-makers will be able to make more informed, proactive zoning and planning decisions.  

Development of useful and decision-relevant products will be guided by meaningful input from decision-makers prior to and throughout this project.  In addition, an effective outreach and training program will disseminate results and ensure that decision-makers understand how to interpret and use the new products and information.  Furthermore, outreach efforts will extend to other portions of the Great Bay watershed and the broader coastal management community so that similar efforts may be pursued in other areas following evaluation of the methods and approach used in this pilot project.

B3: Project Outcomes
As a result of this project, the public within the Lamprey River Watershed will be educated about potential changes in flood risk due to land use and climate change.  Decision-makers in the Watershed will have new information, including town-level flood maps, available to them for use in management and planning decisions.  This decision relevant information will be vital as communities evaluate their future development, including transportation, wastewater, waterway, residential, and commercial infrastructure and seek ways to adapt to the impacts of changes in precipitation and flooding.

Outcomes of the project will extend beyond the local area as well.  Outreach will extend to other towns in the Great Bay watershed to demonstrate the types of products that could be produced to support their decision-making in the context of land use and climate change.  The methodological refinements and proof of concept within the Lamprey River Watershed will provide a technical model that can be applied to any watershed using data that are likely to be broadly available.  Following testing and refinement of methods during this pilot project, similar analyses can be carried out for the full Great Bay watershed or any other watershed in the US.  

B4: Approach

Technical:  The technical approach will be to evaluate potential change in the spatial extent of 100 yr floodplains based on projected changes in land use and climate. Analyses will be consistent with FEMA guidance for floodplain analysis (FEMA, 2002) Four land use scenarios will be examined covering a range of degree of impervious cover (IC) and effective impervious cover
 (EIC): 1) Land use conditions at the time of the existing FEMA studies (1981-2001), 2) current land use conditions based on the 2005 GRANIT assessment of land use and impervious cover, 3) a maximum build-out condition based on current zoning, and 4) a Low Impact Development (LID) build-out scenario with a maximum of 10% EIC (Figure 2). Climate change will be considered both for the historical period (1981-2001; using existing meteorological and discharge data) and for three future climate change scenarios over two time frames (2040-2070 and 2070-2100).  We will use output from 16 atmosphere-ocean general circulation models (AOGCMs) available from the IPCC AR4 WG1 database forced using the IPCC Special Report on Emission Scenarios (SRES; (Nakicenovic et al., 2000) higher (A1FI), mid-high (A2), and lower (B1) emission scenarios.  The B1 scenario can be seen as proxy for stabilizing atmospheric CO2 concentrations at or above 550 ppm, as levels reach this value by 2100. Atmospheric CO2 concentrations for the higher A1FI scenario are 970 ppm by 2100 and 830 ppm for A2. Monthly AOGCM temperature and precipitation fields have already been statistically downscaled to daily values with a resolution of 1/8 of a degree for the northeast United States (e.g., Hayhoe et al., 2007), after Wood et al. (2002). This downscaling used an empirical statistical technique that maps the probability density functions for modeled monthly and daily precipitation and temperature for the climatological period (1961–1990) onto those of gridded historical observed data. In this way, the mean and variability of both monthly and daily observations are reproduced by the climate model output. Downscaled temperature and precipitation were then used as input to the Variable Infiltration Capacity (VIC) model (Liang et al. 1994, 1996; Cherkauer et al. 2002). This hydrological model simulates the full water and energy balance at the earth’s surface by modeling processes such as canopy interception, evapotranspiration, runoff generation, infiltration, soil water drainage, and snow pack accumulation and melt. Model forcings (precipitation, temperature, radiation, etc.), soil properties (porosity, saturated hydraulic conductivity, etc.) and vegetation parameters (leaf area index, stomatal and architectural resistances, etc.) are specified at each grid cell. Outputs from the VIC model include gridded fields of evapotranspiration, runoff, snow water equivalent and soil moisture profiles. The runoff fields (surface and baseflow) from these simulations are then routed through stream networks using a lumped routing model (for small basins) that can be compared with observed streamflow measurements for the historical period of the record. 


Each land use condition (four in total) will be assessed with the seven climate scenarios (one historical, six future [three scenarios for two different time periods]). In all, 28 conditions will be evaluated after which we will select a limited number that clearly illustrate the broad range of flooding impacts that depend upon our local/regional land use planning and global greenhouse gas emissions scenarios.


The floodplain assessment methodologies will be based on information used in the Flood Insurance Studies (FIS) for the towns of Northwood, Deerfield, Raymond, Epping, Lee, Durham, and Newmarket (FEMA, 1981, 1990, 1991, 1993, 2001) as part of the Rockingham and Strafford Counties FIS. 


For the hydrologic analyses, the discharge frequency relationship will be defined from records at the USGS gauging station on the Lamprey River in Durham, NH. Updates of the rainfall runoff, peak discharge, and land use changes will be modeled using either Hydrologic Engineering Centers Hydrologic Modeling System (HEC-HMS) or published regression equations for the study area watershed in combination with precipitation estimates derived from the VIC model. The four land use scenarios will be developed using HEC-HMS at varying stages of land use development with impervious cover. Land use and land cover (LULC) characteristics (ie., soil type, vegetation, development patterns) from land use data (GRANIT, 2008) and an impervious cover assessment (GRANIT, 2005) will be used to develop curve numbers. Terrain analysis based on 10-meter DEMs will be performed to assess watershed characteristics including slope and distance traveled.


Hydraulic analyses will be performed using the Hydrologic Engineering Centers River Analysis System (HEC- RAS). The original data files used to develop the FIS will be utilized for river basin geometry. New surveying will be limited only to areas where channel transect data is unavailable for use. A FIS data request has been submitted to the local FEMA data repository for all hydrologic and hydraulic back up data for the Lamprey River basin. The back up data will provide the basis for the hydraulic and hydrologic models used for this project. To develop this information anew would be a substantial effort well beyond the scope of this proposal.


The floodplain extents resulting from the selected subset of scenarios, accompanied by FGDC-compliant metadata (FGDC, 1998), will be served to the public from the GRANIT GIS Clearinghouse (http://www.granit.unh.edu).   This will allow local decision-makers to access and utilize the data in concert with locally available data sets, e.g. zoning, infrastructure, critical facilities.   In addition, a suite of map products will be generated and posted to the GRANIT web site.  The content and format of these products will be guided by the project outreach and collaborative efforts described below.

Collaboration: The impetus behind this project has been end-user driven from the start, as a variety of regional planners, town managers, and municipal board officials sought improved information for making decisions in the context of climate change from both Carbon Solutions New England (CSNE) and the Great Bay National Estuarine Research Reserve (GBNERR).  One common information request related to a need to understand areas that would be most susceptible to flooding as climate change proceeded.  As both CSNE and GBNERR have become involved in helping to develop decision-relevant flood risk information, we have facilitated meetings with additional stakeholders and end users to gain input into the types and resolution of information they need as well as the format of products that will be most useful to them.  These initial steps have established a solid collaboration between end users, technical scientists, and coordinating parties that will connect and support continued interactions between these two groups.  More specifically, they have proven end-user interest in the project and buy-in to the approach for carrying it out.    

As the project continues, valuing diverse perspectives from end-users and bringing them to bear on the project’s process and outputs will remain a central part of our collaborative approach.  In order to ensure that users’ needs and expectations are well understood before any of the technical aspects begin, Steve Miller is currently initiating a series of interviews with key informants at municipal, regional, and state levels to better understand the types of flood risk information they need and the ways in which they would use such information.  These interviews will capture the diversity of needs that exist among intended end users, and the input will shape example materials to be shared and discussed during subsequent focus group workshops.

Focus group workshops will be conducted to engage a broader group of end users at key steps throughout this project.  Initial workshops will occur prior to detailed analyses and will help further clarify the types and formats of products that will be sought by end users.  A mid-project series of workshops will be convened to share progress and gain input on preliminary products before the final products are developed.  Kathy Mills and Steve Miller will organize the focus groups, and a neutral facilitator familiar with the issues to be discussed will run the sessions.

Throughout the project, input from a core group of end users will be sustained through the formation of an advisory board.  Cliff Sinnott will represent the Rockingham Planning Commission and will take the lead in recruiting participants from the Strafford Regional Planning Commission and from individual towns in the watershed.  In addition, one state-level legislator will be appointed to the advisory board to become familiar with the project and advise on the potential for its later expansion.  The advisory board will ultimately consist of 10-12 members that will meet quarterly during the project.


Evaluation/adaptation: A variety of formative and summative evaluations will be used to assess progress towards key project outcomes. Formative evaluations of progress on all aspects of the project (i.e., technical, collaboration, and knowledge dissemination) will be based on direct oral and written feedback from members of the advisory group during and shortly after the quarterly meetings. (The Advisory Group for the project will include all project team members, Peter Wellenberger (Great Bay National Estuarine Reserve Manager) a state level legislator, a Strafford Regional Planning Commission representative, and municipal representatives).  In addition, Tom Ballestero (UNH Storm Water Center Senior Scientist and Civil Engineering Associate Professor) will provide detailed formative evaluation of the technical approach.  All of this feedback will be used by the project team to improve the project.  Following every focus group and public presentation/workshop, a written evaluation by the participants will be completed to assess the degree to which the project is fulfilling outcomes. 


The primary summative evaluation will take the form of a follow-up electronic survey (using Survey Monkey) for everybody who attends the four regional meetings as well as those who do not attend the regional meetings but receive the packets of information (see details below).  The survey will ask questions designed to assess if the information was decision relevant, if it will be used in the future, if it is in a useful format, etc. Simple incentives (e.g. respondents name will be entered into a raffle to win modest prizes) and gentle reminders will be used to raise the percentage of participants who respond to the survey.  Additional phone interviews will be performed with a random sample of those who respond to the electronic survey.  Responses will be compiled and will form the central assessment of the project.


Knowledge-dissemination:  Results of and products from this project will be disseminated in the local area using several mechanisms.  Within the Lamprey River Watershed, four outreach workshops will be held to present the project in detail to local decision-makers and planners.  Presentations will describe the project itself, and the flood risk maps produced through the project will be distributed to each attendee.  In addition, a training component of the workshop will ensure that the attendees know how to interpret the maps and understand how they could be used decision-making deliberations.


While the outreach workshops will offer an in-depth way of delivering products and materials from this project to local users, they will be attended by only a portion of decision-makers in the watershed.  A packet of materials, including a short project description and maps, will be distributed to all members of city councils, planning boards, zoning boards, and conservation commissions in towns within the Lamprey River Watershed (~800 individuals).  Contacts and opportunities for acquiring additional information will be provided, and subsequent training sessions will be offered through GBNERR’s Coastal Training Program.


Workshops offered by the Coastal Training Program will also transmit information about the project and products developed from it to decision-makers in the Great Bay area but outside of the Lamprey River Watershed.  These workshops will familiarize other decision-makers with the project, gauge their response and interest in similar products for their towns, and provide initial input to shape an expansion to other portions of the Great Bay watershed. 


Results of the project will also be disseminated to the broader NERRS and coastal management community.  Presentations will be conducted at the 2010 NERRS/NERRA Annual Meeting and/or in CTP and Research sector meetings.  In addition, conference presentations will be offered in at least one annual meeting of a society attended by coastal and floodplain managers; such opportunities include The Coastal Society, Restore America’s Estuaries, Association of State Floodplain Managers, or the New England Estuarine Research Society.  Further, we will seek outlets to publish information about and results from this project in relevant newsletters and journals.

5.  Roles and Responsibilities

The technical approach lead for this project will be Dr. Robert Roseen, Director of the UNH Stormwater Center. Dr. Roseen is a licensed professional engineer, with a specialty in water resources engineering. Dr. Roseen will oversee the hydrologic and hydraulics (H&H) analyses component of this project with the assistance of Michael Simpson of Antioch University of New England. Dr. Roseen will coordinate the project partners for their requisite components and will perform the floodplain analyses for the land use and climate change scenarios. Dr. Roseen has performed H&H studies for many projects and is a member of the NH Coastal Program “On-Call Engineering Team” for Dam Removal Feasibility Studies. Michael Simpson’s expertise in watershed planning and research on the impacts of climate change, flooding, and municipal infrastructure will guide the watershed analysis. Mr. Simpson and Dr. Roseen will perform the watershed modeling development. 


The collaborative approach lead will be Kathy Mills. She will coordinate and facilitate advisory board meetings, participate in the design of initial interviews and focus groups, and ensure that input from all of these sources is effectively integrated into elements of the project.  In addition to conceptual input, she will provide logistical support needed to maintain connections and discussions across all groups involved in this project.

The evaluation/adaptation lead will be Dr. Cameron Wake.  In addition to serving as PI, Wake, in collaboration with Steve Miller, will design and collect formal and informal evaluation of progress on all aspects of the project.  This includes feedback from the Advisory Group, the Focus Groups, the Regional Meetings, and the final summative electronic survey of all participants.  Following analysis of feedback, Wake will analyze results and implement any necessary mid-course corrections to ensure the project meet anticipated outcomes.  Wake has led several project evaluations, including those of the UNH Undergraduate Research Conference (www.unh.edu/urc) and the Design Guide for Earth System Science Education (www.essedesignguide.org/).

The knowledge dissemination lead will be Steve Miller.  Steve text
Miller will collaborate with Fay Rubin, GRANIT Project Director, to provide guidance on the content and format of map products developed for distribution.  Rubin will be responsible for spatial data processing, data hosting, and map production/dissemination.
6.  NERRS Involvement


The Great Bay National Estuarine Research Reserve will be a major collaborator in this project.  Both the research coordinator and coastal training program coordinator have been involved since the initiation of early discussions regarding the need for improved flood risk information for the Great Bay watershed.  This project is an excellent fit with GBNERR’s priorities related to climate change and land use change, including associated issues such as stormwater runoff and low impact development.  


The project will capitalize on strengths of GBNERR’s coastal training program to gain input from a variety of end users prior to and during its technical phases; some of this information is already being gathered in a structured manner by the coastal training program coordinator.  It will also utilize the coastal training program as a way of disseminating results to municipal officials, regional planners, and state managers upon completion of the project.  Finally, the project will benefit from the work of a NERRS Social Science Fellow, who has developed an extensive network of contacts with municipal officials and volunteer board members in towns throughout the Lamprey River watershed.

7.  Budget Justification

Cameron Wake is requesting 1 month of salary in year 1, and 0.5 month of salary in year 2 to guide the overall project, gather the GCM and VIC model output, convene Advisory Board meetings, and evaluate the project.  In year one, two months of salary is requested for Rob Roseen to complete the technical aspects of hydrological modeling for 24 land use-climate scenarios. One week of salary is requested for Tom Ballestero to provide detailed formative evaluation of the technical approach, and one month of salary for Fay Rubin who will assist with hydrological analysis and develop detailed maps (hard copy and electronic) of 100 year flood plains for dissemination to participants.  Salary support for two weeks is requested for James Houle for data analysis and model development support, and three months of graduate student support to assist with the technical analysis.
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Travel requests amount to $2000 to present results at two separate national scientific meetings (one of which is the NEERS annual meeting).  We are requesting $3200 to cover the cost of material and postage for 800 detailed packets containing the results of our analyses. A subcontract of $15,655 is requested to support Michael Simpson (1.5 months salary plus overhead) and a graduate student (1 month of salary plus overhead) to assist Roseen with the technical analysis.  Finally, $3,800 is requested to cover the meeting costs (room rental, food, materials) to hold the Advisory Board, Focus Group, and Regional Meetings
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Figure � SEQ Figure \* ARABIC �1�: Lamprey River Study Area watershed in southeastern NH.





Figure � SEQ Figure \* ARABIC �2�: Concept floodplain with land use and climate change impacts.








� The effective impervious cover (EIC) of a site is the portion of the total impervious cover that is directly connected to the storm drain network. Impervious cover (IC) treated with filtration and infiltration systems are eliminated from IC calculations. 








�Note slight addition to title …


�Is this referring to changes since the publication of the FEMA maps?  Can this and the next 2 sentences be eliminated, as it is addressed in the next paragraph?


�This sentence needs to be restructured, but I’m not sure what the intent is.
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