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Executive Summary
The CI-FLOW (Coastal and Inland Flooding Observation and Warning) project originated as a research effort to demonstrate the capacities of emerging hydrometeorological technologies and research techniques to improve NOAA’s monitoring and prediction capabilities for inland and coastal floods and flash floods. This project results from a NOAA initiative to connect technologies embedded within NOAA’s Oceanic and Atmospheric Research (OAR) Laboratories with Sea Grant outreach specialists. The Tar-Pamlico River basin is the current project location (Figure 1). This river basin experienced tremendous economic and human losses in 1999 as a result of Hurricanes Floyd and Dennis. Today, CI-FLOW researchers are building an ensemble of interactively coupled models designed to dynamically exchange information between inland, coastal ocean, and atmospheric models improve detection and prediction of hydrologic hazards. Although the Tar-Pamlico basin is the current research focus, the research vision is to leverage NOAA’s Coastal Estuary River Information System (CERIS) program to transition project elements, including the coupled model system, to any of our nation’s coastal watersheds. 
CI-FLOW partners are focused on improving NWS hydrologic forecast capabilities for coastal watersheds. In our nation’s coastal zone, the NWS does not issue water level forecasts for river locations with tidal fluctuations except for critical locations and major river systems such as the Mississippi. To address this service gap, CI-FLOW researchers will combine existing monitoring and prediction programs with emerging research capabilities to construct an end-to-end system which “tracks a raindrop from the sky to the summit to the sea.” Researchers will demonstrate the capability to forecast water quantity and quality for multiple locations in the watershed, including the tidal plain, by coupling ensembles of inland river models and coastal ocean/estuary models, each using input from high-resolution weather forecast models and multi-sensor precipitation estimates. This ensemble approach has multiple benefits. For example,  analysis of the range, or spread, of values produced by models for a particular element will provide an indication of forecast uncertainty for particular elements. In addition, the ensemble framework permits organizations interested in partnering with the CI-FLOW team to do so with minimal constraints regarding Intellectual Property rights.
An important research question is what water information is needed by local communities in coastal watersheds and how will that information be delivered. Project CI-FLOW is designed to leverage the strengths of multiple organizations within NOAA, academia, state agencies, and the private sector to answer such questions. Pioneer CI-FLOW partners in February 2000 included the National Severe Storms Laboratory (NSSL), National Sea Grant (NSG) College Program, the University of Oklahoma (OU), and North and South Carolina Sea Grant programs. North Carolina State University (NCSU), the National Weather Service (NWS) Hydrology Laboratory (HL), and others are now part of CI-FLOW’s unique interdisciplinary team of scientists. Leveraging the successful education and outreach programs of CI-FLOW local partners, especially NWS Weather Forecast Offices and Sea Grant, this project will sustain an interactive exchange of information between project scientists and constituents to tailor the project’s water information for local needs. This interactive exchange is designed to demonstrate the value of a truly integrated interdisciplinary water services program focused on improving the delivery of water information to eastern Carolina communities. It also serves as an opportunity for CI-FLOW research partners, including NOAA, to understand the informational needs of coastal watershed communities regarding flash floods, storm surge, and water quality. 

I. Project Description
Project CI-FLOW (Coastal and Inland FLooding Observation and Warning) establishes a research and demonstration program for the evaluation and testing of new technologies and techniques to produce accurate and timely identification of inland and coastal floods and flash floods for different seasonal precipitation regimes. CI-FLOW is a prototype coupled-model system that is intended to be adaptable to any coastal river system to help in fresh water forecasting of floods and flash floods, water management, determination of land use and ecosystem impacts, and coastal storm surge forecasts.

The origin of CI-FLOW can be traced to the IFLOW (Inland Flood Warning) project. The IFLOW project concept resulted from a series of discussions between the National Oceanic and Atmospheric Administration (NOAA) National Sea Grant Director and the NOAA Assistant Administrator for OAR to capitalize on the potential benefits of increased collaboration between the Sea Grant Extension Network, with their extensive outreach capability, and the OAR research laboratories, with their extensive technology capability.  During an initial meeting in 1999 between NSSL and the National Sea Grant (SG) management, the basic framework for the IFLOW Project was developed. The initial area of study was chosen to be the Tar River Basin in North Carolina, an area which suffered catastrophic damage in 1999 from Hurricanes Floyd and Dennis.
In May 2000, assessment results presented by Dr. Len Pietrafesa at North Carolina State University confirmed the hypothesis that incorporation of antecedent conditions into inland flood and coastal ocean models increases the accuracy of water level simulations for coastal locations (Pietrafesa, et. al, 2000). The assessment showed increased water levels created by Dennis along the shoreline and on inland rivers set the stage for the destruction observed in Hurricane Floyd where 56 lives were lost and 6 billion dollars of damage occurred. Water level simulations, which incorporated the effects of Dennis’ storm surge and rainfall runoff to rivers, showed a higher level of accuracy in depicting Hurricane Floyd’s water level heights and time of river crest at verification points on inland and coastal locations of the Tar-Pamlico River. From these findings, the IFLOW project foundation was set to create a comprehensive interdisciplinary approach to account for the spatial and temporal distribution of water in a coastal watershed system. CI-FLOW continues to follow the IFLOW vision by facilitating cooperation between a diverse group of researchers and educators to combine coastal, offshore, and atmospheric precipitation components to improve water quantity and quality simulations to mitigate hydrologic hazards in coastal watersheds. 

Partnerships are the cornerstone of Project CI-FLOW. Initially, NSSL’s high resolution precipitation estimation capability was the first technology piece to be tested on the Tar River Basin. Known as Q2, this technology has advanced from single radar based estimates to multi-radar, multi-sensor (e.g., satellite, lightning, rain gauge, and model) based rainfall estimates at a resolution of 1 km x 1 km every five minutes for the entire continental U.S. (CONUS). The temporal and spatial resolution of Q2 is consistent with resolution needed to identify and predict flash flood events, a hazard associated with severe weather which is part of NSSL’s core research mission. CI-FLOW’s current QPE research plan evolved from this initial research activity. The NWS Office of Hydrology (OHD) has joined with NSSL and NESDIS to advance national research objectives to improve quantitative precipitation estimates (QPE) for NOAA operations. Utilizing each organization’s strengths, NSSL with high resolution NEXRAD radar data, HL with NWS operations and data sources, and NESDIS with satellite information, these organizations are working with high-resolution in-situ and remotely sensed data sets to produce an “optimal” multi-sensor based QPE product for NOAA. Five minute QPE products are averaged to create estimates at increasingly longer time intervals (e.g., 1 hour, 3 hours, up to 72 hours) allowing time for all gauge data to be included in the final estimate. The 6 hour estimate becomes the analysis of record and is archived by NCDC (Figure 2).
Similar to the evolution of the highly collaborative QPE research effort, the development of the coupled model ensemble continues to gain partners and support. An early decision was made by project scientists to use event-based distributed hydrologic models, rather than lumped models, to preserve the benefits provided by the high resolution characteristics of Q2. A synergistic partnership between NSSL and NCSU was conceptualized in May 2000. In 2001, the first CI-FLOW water level simulations were produced by coupling the NCSU storm surge prediction model suite with NSSL’s high-resolution precipitation estimates. Initial assessments showed improvements in streamflow simulations from this collaboration. 
Capitalizing on these findings, and to increase the likelihood of CI-FLOW research results being transferred into NOAA operations, discussions began with the NWS Hydrology Laboratory (HL) to bring their HL distributed model into the CI-FLOW ensemble of models. Initial activity to add the HL model to the ensemble began in 2007. This effort was quickly followed by activities to add another member to the coastal ocean/estuary ensemble which initially included the NCSU Coastal and Estuary Model and Environmental Prediction System (CEMEPS). 
In the wake of Hurricane Katrina, the Advanced Circulation Model (ADCIRC) proved its forecasting capabilities for the prediction of storm surges. In 2008, researchers at OU and UNC joined the CI-FLOW project to couple this finite element hydrodynamic model for coastal oceans, inlets, rivers and floodplains. Responding to the need for visualization of the CI-FLOW products, the NOAA Southeast and Caribbean Regional Team also joined the project in 2008 and contributed funds toward the nowCOAST website development. Benefits of the nowCOAST website are discussed in Appendix B, section 3.a.
The collection of riverine models that comprise the ensemble use the high-resolution QPE and numerical atmospheric models as input. By running scenarios based on historical extreme events and those predicted by climate models, a catalog of streamflow responses can be constructed. In 2007, CI-FLOW added predictive capability by utilizing the NCSU water quality model (in a research mode) to expand the information that will eventually be made available to coastal residents concerning water quantity and quality for hydrologic extremes. Using Sea Grant extension expertise and local NOAA partners responsible for community safety and resiliency, CI-FLOW research outcomes will be tailored to help coastal residents make sensible land use planning decisions to insure sustainable and resilient coastal communities, thereby fulfilling the original CI-FLOW project vision of the former National Sea Grant Director, Dr. Ron Baird.
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Figure 1. The map shows the Project CI-FLOW focus area. Highlighted areas are the Tar-Pamlico and Neuse river basins whose lower reaches are influenced by the Pamlico Sound tidal interaction.
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Figure 2. CI-FLOW research activities involve continuous enhancement of “state of the science” real time QPE. Very Short Term Quantitative Precipitation Forecasts (VSTQPF), developed from combining the real-time QPE with Numerical Weather Prediction (NWP) QPF, will create high-resolution Quantitative Precipitation Information (QPI). This QPI will be used to drive CI-FLOW high resolution distributed hydrographic and water quality models.

II. CI-FLOW Strategic Overview
As illustrated in Figure 3, the CI-FLOW demonstration project provides fundamental research opportunities to improve our understanding of the most efficient methods to couple observations and models to increase the accuracy of stream and tidal flow prediction. The project will also assist in quantifying the uncertainty of particular forecast elements (i.e. water level) through the use of ensembles and the generation of associated probabilities. 

CI-FLOW will use a three pronged approach to increase the accuracy of predicting atmospheric, hydrologic, and ocean conditions.  
1) Measure and monitor: A multi-sensor QPE application (Q2) exists today and is incorporating information gathered from the multiple radars, rain gauges, satellites, numerical weather models, and lightning detection networks monitoring the basin to provide a continuous assessment of precipitation falling onto the watershed. 

2) Model and modify: Real time QPE and short term QPF data (Figure 2) will be used to initialize an ensemble of high-resolution, event-based hydrologic and hydraulic models that will create streamflow simulations dependent on channel characteristics, soil type, the slope of the land, and vegetation patterns. These simulations predict water quantity and will be input into CI-FLOW water quality models allowing forecasters to adjust their forecasts based on timing and amount of river discharge for multiple forecast points in the basin. 

3) Manage and mitigate: CI-FLOW research will also include storm surge forecasts, inundation estimates, and fresh water streamflow flood predictions. Ensembles of storm surge models, currently operating in Carolina academic institutions and at the NOAA Tropical Prediction Center and NWS Southeast River Forecast Center, will be coupled with the ensemble of water quantity and quality models in an attempt to improve forecasts for the area. Resulting forecasts will be made available, as appropriate in a research mode, to interested forecasters and decision makers to help mitigate loss of life and property. 
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Figure 3. The graphic shows the three CI-FLOW project elements (inland, coastal ocean/estuary, and ocean) that are being connected to provide an integrated accounting of water quantity and quality from the sky to the summit to the sea.
III. Linkage to NOAA Goals:  
CI-FLOW is focused on creating a high temporal and spatial event-based modeling system that accounts for water from the atmosphere to the estuaries and coastal oceans (from the sky to the summit to the sea) such that the resulting prototype could be implemented in basins other than the Tar-Pamlico and Neuse. It addresses three of NOAA’s five mission goals described in the 2008 NOAA Strategic Plan:

1.
Protect, Restore, and Manage the Use of Coastal and Ocean Resources through an Ecosystem Approach to Management;

2. 
Serve Society’s Needs for Weather and Water Information;
3.
Provide Critical Support for NOAA’s Mission.
It directly addresses NOAA's Weather and Water Mission Goal to increase warning accuracy and lead time for flash floods, especially those related to high-impact weather events such as tropical landfalling systems, to reduce injury, loss of life, and loss of property. 

In addition to these programming objectives, the CI_FLOW project indirectly supports NOAA’s mission in the following ways:

Technology and the Mission Support Goal (in situ and surface-based sensors, platforms, and systems):  New technologies (such as dual-polarization radar) and approaches (coupled model systems, ensembles of distributed hydrologic models) will be implemented to optimize estimates of the total water in a basin, assess water quality, determine health and safety of beaches, planning of regional infrastructure, and forecasting of storm surges.

Use of Testbeds:  The NOAA Strategic Plan states that NOAA will transfer new research and technology to operations through testbeds.  Recently, the leadership of NOAA’s Hydrometeorological Testbed (HMT) program announced the next HMT research effort would be focused on the Tar-Pamlico River basin of North Carolina. This will transfer assets from HMT-West in Northern California to the eastern U.S. in FY10. The infrastructure and collaborators established by Project CI-FLOW will help minimize the time to spin up HMT-SouthEast (HMT-SE).

Linkage to Ecosystem Assessments: This project links atmospheric, coastal ocean, estuary, and river hydrodynamics to ecological impacts and lays the groundwork for future assessments.

CI-FLOW continues to gain interest from a number of NOAA entities. CI-FLOW researchers have delivered invited presentations in February 2007 and 2008 at the NOAA-in-the-Carolina’s (NinC) Annual Meeting. Presentations centered on CI-FLOW project status and how the NinC group can continue to promote CI-FLOW. Within NOAA leadership, CI-FLOW has become a major component of NOAA’s Integrated Water Resource Services (IWRS) planning area led by Gary Carter under the umbrella of the newly created Coastal Estuary River Information System (CERIS). Additionally, CI-FLOW has received support from the newly formed NOAA Southeastern- Caribbean Regional Team (SECART) led by Jeff Payne of NOAA’s Coastal Services Center. This connection to NOAA regional teams, CERIS, NOAA Sea Grant, and NOAA regional consortiums is creating significant interest in CI-FLOW technology and techniques throughout NOAA, especially in South Carolina and Texas where small amounts of seed money have been made available by the National Sea Grant Program Office. 
IV. Partnerships

One of the strengths of the CI-FLOW Project has been the establishment of partnerships between exceptionally talented researchers, operational personnel, extension agents, and outreach coordinators. Figure 4 shows some of the relationships that have been established between the partners with respect to their areas of expertise. 

Established NOAA partners:

· NWS (Office of Hydrological Development (OHD)
· River Forecast Centers (RFC)
· Weather Forecast Offices (WFO)
· OAR (NSSL, Sea Grant)
· NOS (Coastal Services Center (CSC))
· NESDIS (NCDC, Center for Satellite Applications and Research (STAR))
Established university partners:
· North Carolina State University (NCSU)
· University of Oklahoma (OU)
· University of North Carolina (UNC)

Developing NOAA Partners: 

· NOS (National Geodetic Survey (NGS), Coast Survey Development Lab (CSDL), National Estuarine Research Reserve System (NERRS))

· National Marine Fisheries Service (NOAA Fisheries Service)
· NWS National Data Buoy Center (NDBC) 
Other Developing and Potential Partners: 

· Southeast Coastal Ocean Observing Regional Association (SECOORA)

· U.S. Geological Survey (USGS)

· U.S. Army Corps of Engineers (USACOE)

· State (Emergency Managers, State Flood Mapping programs, Department of Natural Resources- Division Water Resources in SC and NC, Renaissance Computing Institute (RENCI), North Carolina State Climate Office)
· FEMA (Federal Emergency Management Administration)

· National Park Service (NPS)

· Environmental Protection Agency (EPA) 
.
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Figure 4. CI-FLOW coupled model system and data flow with a focus on prototyping end user products and services (for NOAA operational entities).

V. Current Research Activity 
The current research activities are described in this section. The activities are grouped into three categories and are summarized below. Details of each research activity are provided in Appendix A.

1. Inland water quality and quantity activities: 

a. 
NWS HOSIP QPE research (NSSL, OHD, and NESDIS)

b. 
Develop ensemble of streamflow models for the Tar and Neuse Rivers (NSSL, OHD, OU, NCSU, NOS, UNC, SERFC)
c.   Implement NCSU Estuary-Lower River Flood model to provide water quality information (i.e., salinity) (NCSU, OHD, NSSL)
2. Coastal Ocean /Estuary water quality and quantity activities: 

a. 
NWS HOSIP QPE research (NSSL, OHD, and NESDIS)

b. 
Investigations to couple ADCIRC model results to inland streamflow modeling ensemble (OU, NSSL, UNC, and OHD)


c. 
Investigations to couple NCSU ocean hydrodynamic model with inland streamflow modeling ensemble to produce simulations of water quantity and quality (NCSU, NSSL, and OHD)


d. 
Develop real-time access to existing ensemble of ocean hydrodynamic models delivering water quantity information for the eastern North Carolina coastal ocean/sound system (OU, NCSU, NSSL, CSC, CSDL) 
3. Education, Outreach, Project Strategic Development:

a. 
Develop CI-FLOW information portal for CI-FLOW leveraging NOAA nowCOAST and NSSL QPE systems (NSSL, CSDL, NSG, North Carolina Sea Grant, NWS, NESDIS, CSC, OHD, and NCEP)  


b. 
Conduct CI-FLOW education and outreach activities in conjunction with North Carolina and South Carolina Sea Grant, COSEE, North Carolina State Climate Office, and other NOAA in the Carolinas partners (NSSL, NSG, North Carolina Sea Grant, COSEE, and NOAA Office of Education) 

c. 
Support for undergraduate and graduate students for CI-FLOW research activities (NOAA EEO, NSSL, NSG, NOAA Office of Education, and OU)
VI. Scientific Gaps – Next Steps for CI-FLOW Research
Although the concept of Project CI-FLOW can be simply stated, “track the raindrop from the sky to the summit to the sea”, it is a complex undertaking with many unique scientific challenges. Working with only redirected base funding and much appreciated seed funding from the National Sea Grant Office over the last eight years, much has been accomplished. However, many scientific challenges remain. These challenges have been identified and are grouped below according to short term and longer term priorities. The ultimate success of CI-FLOW will depend upon its ability to continue to leverage expertise both within and outside of NOAA through ongoing collaboration and partnership building.  

FY08-09 Overall Objective: Conduct a "pseudo operational" test for the 2009 hurricane season.
Challenges to consider:

1) Model Connectivity:

Areas to demonstrate the real-time end-to-end CI-FLOW system include:
a) the connection between Q2, OHD's distributed model, and NCSU’s salinity model.
b) the connection between Q2, OHD's distributed model, and NCSU’s storm surge model.
c) the connection between Q2, OHD’s distributed model, and the ADCIRC model (run by UNC).
d) the connection between Q2, OHD's distributed model, and the WRF model forecast (running at NSSL) to get a predictive component.

2) Verification and Validation:

· Establish evaluation methodology for assessing the performance of CI-FLOW products to current NOAA operational services 

Gaps: 
A determination, from a research point of view, is needed to identify what types of observations are needed to verify CI-FLOW Tar and Neuse forecast products (e.g., water quality and height observations)
· Inland and tidal plain riverine water information 

Gaps:
Does the high temporal and spatial resolution of multi-sensor precipitation estimation improve water quantity simulations? 

Gaps:
Do the CI-FLOW riverine modeling components leverage these advanced data sets or do new river models need to be added to the CI-FLOW ensemble? 

· Information delivery and dissemination 

Gaps: 
In what form (products?), and to whom, will information be transmitted for evaluation of its utility 

Gaps: 
How will this information be used in flood inundation mapping? How are existing NOAA flood inundation maps going to be leveraged?

Gaps:
How will CI-FLOW interact with constituents such as FEMA and the American Association of Flood Plain Managers (ASFPM) floodplain programs? 

3) Transferring Research to Operations
Does the information from CIFLOW help improve existing NWS high-impact products?

· Coastal/tidal plain water information 

Gaps: 
Does the coupling of “disparate” high temporal and spatial resolution model suites improve the simulation of near-coast wave conditions by ADCIRC and the NCSU ocean model suite? If so, begin to dialog with NWS to see if there is interest in transferring components to NCEP and NWS WFO operations.
Gaps:
Does the NCSU ocean modeling suite, which includes NCSU versions of the Princeton Ocean Model (POMS), Hybrid Coordinate Ocean Model (HYCOM), Regional Ocean Modeling System (ROMS), Finite Volume Coastal Ocean Model (FVCOM), and Environmental Fluid Dynamics Code (EFDC) forced by atmospheric model output, or the ADCIRC ocean hydrodynamic model infrastructure offer opportunities to help with accelerating the transfer of research outcomes to NOAA operations?  


Short Term Research Needs (FY09) 

1) 
Formalize the structure and construction of the atmospheric, riverine, and coastal ocean model ensembles. Determine capabilities and identify limitations for ensembles to seamlessly exchange output among the members. 

a. 
Organize models, data flow, input/output formats to allow end-to-end data flow from coupled models to be executed (Q2, HL-RDHM, TREX, NCSU coastal/storm surge, ADCIRC, salinity/Water Quality, WRF, etc.)

Gap: Verification experiments need to be defined and executed for CI-FLOW subcomponents to validate capabilities for end-to-end data flow 
Gap:  Investigate addition of HEC-RAS as additional member of ensemble with leadership of NC Floodplain mapping program

Gap:
Investigate addition of NOAA CSDL and NCEP ocean and coastal watershed modeling capabilities to increase the CI-FLOW ensemble members and help transition research outcomes to NOAA operations 

2) Increase stakeholder assessment activities for CI-FLOW project development 

a. Identify past NOAA stakeholder assessment activities related to Tar River forecast and warning programs  

a. Leverage Sea Grant and Coastal Services Center extension and outreach programs to evaluate CI-FLOW project output especially in coastal management zones 
i. Identify two or three specific deliverables that both NOAA and customers can use easily that would help in forecasting and in decision-making.

ii. Organize and populate general CI-FLOW webpage (at NSSL?)

iii. Display selected CI-FLOW demonstration products on restricted section of nowCOAST webpage 

Gap: Need scientific content and outreach content (what can be stated w/o overselling?)

Gap: Include connections with NC/SC SG, NSG, RENCI, NOAA Regional Teams, Fisheries Management Organization others?

Gap: Maintenance and updating of CI-FLOW webpage content 

Gap:  Insure adequate resources for nowCOAST updates especially when CI-FLOW moves to other locations 
3)  
Publish and implement the findings of the NWS H-OSIP QPE collaboration assessments in FY07 and FY08 into NOAA operational and research programs

Gap: Define plan for transition to operations and agency responsibilities. Identify the NOAA organizations where QPE products are most closely aligned with mission (i.e. NCEP HPC and SPC) as champions for infusion of research results  

Gap: Define plan for data archive and metadata (with NCDC?)
Gap: Define what NOAA operational products this collaboration improves and develop a plan for AWIPS and AHPS delivery and support    

4) 
Identify the most efficient methods to evaluate the output of each ensemble member, how the information will be displayed for various model components, and evaluate accuracy  
a. Complete assessment of QPF produced by NSSL and OU spring experiment model suite (Craig Schwartz and Jack Kain)
Gap: Assessment of individual and collective ensemble output needs to be done for CI-FLOW distributed models, storm surge, and water quality model ensembles

Gap: Engage hydrologic/hydraulic modeling partners to conduct streamflow simulations using the riverine ensemble for all QPF solutions produced by each member of the high-resolution numerical weather models. Assessments need to include all combinations of river model and QPF values to determine the uncertainty surrounding the model solution to accurately construct a probabilistic forecast for multiple points within the basin of focus
Gap: 
Assessments need to be conducted to understand how citizens and decision makers need the information from the ensembles displayed and how they would define the accuracy of simulations originating from an ensemble. An interdisciplinary effort which includes social scientists and human factors experts must be applied to this effort to develop a feasible and sustainable display methodology that NOAA can use as a model for the display of results from an ensemble 

5) 
Investigate implementation of CI-FLOW SAL results into fisheries and ecosystem management strategies  

Gap:  Salinity cycles in estuaries affect fish recruitment and ecosystem population diversity. Fisheries and coastal ecosystem specialists need to be engaged to optimize the utility of CI-FLOW SAL in fisheries management and coastal ecosystem projects. 

Longer Term Research Needs (FY10-13)
* Demonstrate how new Dual Polarized radar data affects rainfall estimates and associated flood/flash flood products.

* Demonstrate land use scenarios leading to coastal zone management guidance 
* 
Hurricane model forecasts coupled with the CI-FLOW system (The folks at AOML/HRD are interested in partnering - probably by providing their research hurricane model output)
*
Model other types of water quality elements (beyond salinity such as dissolved oxygen)
* Consider assisting with climate scenarios to quantify water availability and quality
* Align CI-FLOW project outcomes with NCEP ocean, heavy rainfall (HPC, TPC?), and severe storm forecasting missions (SPC) 

*
Sustain partnerships with other NOAA research labs, especially GLERL and AOML, to increase OAR collaboration and expand opportunities for transition of CI-FLOW to other parts of the nation
* Design efficient data archive methods for CI-FLOW data with NCDC and NODC   

Future Program Management Areas  (FY09-14)

A) Interaction of CI-FLOW and NOAA Hydrometeorological Testbed (HMT)-SE 

a. 
Insure complementary, not competitive, program goals which are conducive to both program’s success 

b. 
Insure there is a HMT-SE and CI-FLOW program legacy which improves operational forecasting based on assessments from NOAA forecasters and Sea Grant staffs 
B) Transition CI-FLOW research results to NOAA operations   

a. Define performance metrics and evaluation methodology to quantify differences in forecast accuracy between CI-FLOW demonstration products and NWS operational products 
b. Engage AWIPS and AHPS project leaders to help define the output of CI-FLOW demonstration data to help transition to NOAA operations 
Gap:  Is the current NOAA operational coastal ocean modeling suite able to ingest the CI-FLOW ensemble output of water quantity and quality and also selected parameters produced by the atmospheric modeling suite and NSSL multi-sensor QPE system?

Gap: How will AHPS transition into the Community Hydrologic Prediction System? How will this affect FFMP? What role can CI-FLOW play in helping with the next generation of NOAA water information products? 

C)  Sustainable CI-FLOW project management 

a. Identify structure for continuity of CI-FLOW as it moves to other areas and insure alignment with the NOAA CERIS, HMT-SE, one-NOAA, and Regional Team visions 

Gap: 
A possible solution would be the development of a CI-FLOW/CERIS program office which has at its core a steering committee comprised of representatives from NSSL, AOML, GLERL, ESRL, NWS Forecast Offices, NWS River Forecast Centers, NOAA Weather and Water Managers, and Sea Grant state and national managers. Project continuity would be provided by permanent position project managers but regional focus would be provided by rotating resident program managers through the office on two-year assignments before they go out to field work with the actual program. Possible recruitment pools for these resident managers would be Knauss fellows and NRC post-docs.  This office would 

a. Identify NOAA programming opportunities to maintain CI-FLOW alignment with agency goals and funding priorities 



a. NOAA Regional Team discretionary funds 



b. NOAA IWRS



c. NOAA AHPS 


d. NOAA theme team funding (Ocean Coast Estuary, Ecosystems, Weather and Water) 


e. NOAA HMT activities 

 
b. Identify partnerships outside of NOAA to expand the value and application of CI-FLOW research

a.  
UNC/Jackson State University Coastal Hazards Center (funding provided by Department of Homeland Security)


b. 
RENCI 


c.  Ocean research funding 



i.  Regional Associations 



ii. NOPP 



iii. NSF 


d.  Education Organizations 



i. National Science Teachers Association 



ii. COSEE 
VII. Collaborators

Mr. Robert Bacon
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Appendix A – 2008 Research Activities and Work Plan
1. Inland water quality and quantity activities 

(1.a) NWS HOSIP QPE research

Overview: 

NSSL, OHD, and NESDIS are collaborating to improve Quantitative Precipitation Estimates (QPE). QPE and high-resolution distributed hydrologic models are critical to the National Oceanic and Atmospheric Administration’s (NOAA) mission. CI-FLOW research completed in FY07, and continuing in FY08, provides a foundation for NOAA hydrometeorological service improvements for the Tar River Basin of North Carolina. These improvements will provide additional benefits to NOAA program themes in the Carolinas focusing on ecosystem and water resource management, severe storm hazards, and estuary health.

This project is a joint scientific research effort conducted by NSSL, NWS OHD, and NESDIS. These organizations are working jointly to identify an optimum set of techniques and algorithms to serve as a state-of-the-science NOAA multi-sensor QPE. A key component of this collaborative research is the scientific validation of the techniques towards operational viability.  

The QPE evaluation is conducted in three phases: 1) evaluation of precipitation algorithms in post case analysis in terms of accuracy relative to a set of reference rain gauges; 2) compilation of the best algorithm elements, that afford superior performance over current operational baseline QPE products; 3) evaluation in terms of impact on the quality of streamflow simulations by an advanced distributed hydrologic model.

Within NOAA, there are various algorithm packages to determine QPE.  Each of these packages continues to evolve in response to user needs for accurate high resolution QPE. Three NOAA packages are used in this research collaboration: The National Mosaic and QPE (Quantitative Precipitation Estimation) (NMQ) System (Zhang et al, 2006; Zhang, et al; 2004; and Seo et. al.,2005)); The Multisensor Precipitation Estimator (MPE) function within the Advanced Weather Interactive Processing System (AWIPS); and the NESDIS Self-Calibrating Multivariate Precipitation Retrieval (SCaMPR) satellite algorithm  (Kuligowski 2002)

FY07 Project Milestones: Cool Season Investigation 

1)  Identification of a suitable historical storm episode with rain events on December 14-15, December 24-25, December 26-27, 2004 and January 14-15, 2005 to evaluate algorithm performance outside of warm rain processes

2) 
Creation of common radar, satellite, and rain gauge input datasets for all QPE algorithms;

3) 
Creation of a common set of reference rain gauge reports;

4)
 Execution of NMQ/Q2, MPE/HPE, and SCaMPR algorithms to produce QPEs;

5) 
Evaluation of precipitation algorithms in post-analysis mode, in terms of accuracy relative to the reference rain gauges;

6) Evaluation of QPE in terms of impact on the quality of streamflow simulations from an advanced distributed hydrologic model.

7) Presentation of findings at 2008 AMS Annual Meeting with paper in progress for journal publication. AMS extended abstract can be found at http://ams.confex.com/ams/88Annual/techprogram/paper_134451.htm 

FY08 QPE Phase 2 Planned Activities: Warm Season Investigation
Goal: Investigate QPE performance in rain events incorporating warm rain processes  
Budget:   $25K 
(NWS AHPS Program Funding) 


FY08 Research Partners
· NESDIS (Dongsoo Kim, Dr. Bob Kuligowski)

· National Severe Storms Lab (Dr. JJ Gourley, Ken Howard, Carrie Langston, Dr. Jian Zhang, Kevin Kelleher)

· University of Oklahoma, Cooperative Institute (Dr. Suzanne Van Cooten, David Moran (OU SoM), Heather Moser (OU SoM Graduate School) ) 

· National Sea Grant Extension (Robert Bacon (SC), Dr. Jack Thigpen (NC))

· National Weather Service Office of Hydrologic Development (Gary Carter, David Kitzmiller, Geoff Bonnin, Yu Zhang, David Riley, and Feng Ding)

FY08 Activity: Evaluate QPE algorithm performance for Hurricane Isabel of 2003 and Tropical Storm Alberto of 2006

· Collect the following data sets for the two storm events 

a) 
Rapid Update Cycle (RUC) Model fields of surface temperature and melting level 1-hour/20-km gridded fields;

b) 
Level 2 Data from the following NEXRAD radars:

KRAX (NWS WFO Raleigh, NC)

KMHX (NWS WFO Morehead City, NC)

KAKQ (NWS WFO Wakefield, VA)

c) 
Satellite digital infrared and visible imagery (15-min/4-km data from all GOES Imager channels)



d)  
Meteorological in-situ data (precipitation and surface air temperature)



e)
Operational MPE analyses from the Southeast River Forecast Center

· Create common radar, satellite, and rain gauge input datasets for all QPE algorithms for the two storm systems (4th quarter FY08) 

· Create a common set of reference rain gauge reports (3rd quarter FY08)

· Execution of NMQ/Q2, MPE/HPE, and SCaMPR algorithms to produce QPEs (4th Quarter FY08) 

· Evaluate precipitation algorithms in Hurricane Isabel and Tropical Storm Alberto in terms of accuracy relative to the reference rain gauges (4th quarter FY08) 

· Evaluate QPE in terms of impact on the quality of streamflow simulations from an advanced distributed hydrologic model (4th quarter FY08) 

· Present findings at 2009 AMS Annual Meeting (January 2009)
(1.b) 
Develop ensemble of streamflow models for the Tar and Neuse Rivers
Overview: 

There are several operational and research models which can be leveraged by CI-FLOW to build an ensemble of streamflow models for the Tar and Neuse River basins of North Carolina.  In 
FY06 and 07 Activities

Research activities led by Dr. J.J. Gourley are focused on establishing the CASC-2D/TREX model in the Tar River basin. This initial research found the TREX model has weaknesses in simulating water movement in the lower part of the Tar River basin due to a lack of slope in the surface terrain in the lower reaches of the river basin and how the model handles rapid movement of water upstream from the Pamlico Sound specifically in a storm surge event. 

The Hydrologic Laboratory Research Distributed Model (HL-RDHM) has been implemented by OHD in the headwater basins of the Tar River for use in the QPE evaluation activity. The HL-RDHM has been run by Yu Zhang of OHD for three sub-basins in the upper reaches of the Tar River. 

Discussions with Renaissance Computing Institute (RENCI) and North Carolina Sea Grant indicate the State of North Carolina has implemented the HEC-RAS model for all the watersheds of North Carolina. The North Carolina Floodplain Mapping Program (http://www.ncfloodmaps.com/default_swf.asp ) has leveraged high-resolution LIDAR which has recently been updated to develop Digital Flood maps and Flood Insurance Rate Maps (FIRM) which are available online. There has also been past research activity from a researcher at University of North Carolina with an overland flow model called RHYSS which RENCI staff indicate may be a candidate for inclusion as an ensemble member. 

The ADCIRC model currently running at the University of North Carolina does have capabilities to model water surface elevations upstream of the coastal ocean. These capabilities will be explored through the IOOS funded ADCIRC research activity at the University of Oklahoma by Dr. Randall Kolar. This research will hopefully provide information on how far inland the ADCIRC model can accurately simulate water surface elevation and where coupling to other inland streamflow models would be appropriate.   

As part of the NOAA Coastal Storms Program, a hydrodynamic model for the St. John’s River of northeast Florida was developed and implemented in 2004 for research purposes. This project component used the Environmental Fluid Dynamics Code (EFDC) to simulate the river’s hydrodynamic circulation. The research was conducted by NOAA’s Coast Survey Development Lab, the Office of Hydrologic Development (OHD), and the NWS Southeast River Forecast Center.  The model produces time histories of water levels and two-dimensional animations of currents, water elevations, salinity, water temperature, and winds. More information can be found at (http://nauticalcharts.noaa.gov/csdl/op/stjohns.htm#results)

FY08 Inland Hydrologic/Hydraulic Model Ensemble Planned Activities

(1.b.i)  Implement NWS/OHD HL-RDHM on Tar River of NC 
Budget:  $25K (NSSL DDRF- Gourley)


FY08 Research Partners
· NOAA/NSSL (Dr. Jack Kain)
· OU (Dr. Yang Hong)
· Los Alamos National Laboratory (Jasper Vrugt)

· OHD (Mike Smith)
NSSL has taken a leadership role in the science and management behind the CI-FLOW project. The underlying scientific goal of CI-FLOW is to connect environmental models so that a complete estimation and forecast of the surface and near-surfcae water budget can be achieved for precipitating systems, including land-falling tropical storms with concomitant storm surges. 

The following models/systems have been put in place on the Tar River Basin:

NSSL WRF precipitation and wind forecasts

NSSL Q2 precipitation estimates

NCSU hydrodynamic-storm surge forecasts

OU/UNC hydrodynamic-storm surge forecasts

The hydrologic model proposed to connect these systems is the NWS/OHD HL-RDHM model. To date, this model has been set up with a priori parameters on headwater sub-basins of the Tar River Basin as part of the OHD/NSSL/NESDIS QPE Collaboration in NWS HOSIP and supported by NWS AHPS funds. 
The setup and calibration of the HL-RDHM model will, in the future, provide for (a) real-time streamflow forecasts on the Tar River Basin with forcings from the WRF model and Q2 system, (b) the capability to interactively couple the hydrologic model to the OU/UNC hydrodynamic model, and ultimately, (c) the development of an ensemble flood forecast system with consideration of the entire water budget. The involvement of a graduate student in this work, to be supervised by Dr. Hong (OU) and Dr. Gourley (NSSL), will enable the determination of the effectiveness of using precipitation forecasts, estimates, or combined forecasts-estimates in forecasting streamflow at several locations in the Tar River Basin using an independent validation data set.

FY08 Activity: Complete HL-RDHM setup on the Tar River Basin 

· Obtain the parameter maps that have already been prepared for the headwater sub-basins of the Tar from OHD

·  NSSL will prepare the GIS maps (e.g., digital elevation model, streams, land use patterns, soils) for the remainder of the basin
· NSSL will obtain a priori parameter estimates for the entire Tar River from OHD. 
· Install HL-RDHM on the Tar River Basin (FY 08 2nd- 3rd Quarter)
· Initial HL-RDHM simulations run with a priori parameters (i.e. uncalibrated) will be calibrated by NSSL and OU researchers using precipitation inputs and forecasts obtained from the National Precipitation Verification Unit and USGS streamflow observations from Jan. 2003 through Jan. 2005. (FY08 3rd Quarter)
· Validate hydrologic model forecasts (FY08 3rd -4th Quarter)
· Document results (FY08 4th Quarter)
Additional Information: 

$25K to support one full-time graduate student (12 months) for conducting the research activities. Office space, materials, supplies, and computational facility will be covered from Dr. Hong’s start-up fund. The graduate student will be working under Dr. Gourley and Dr. Hong to support the project. Dr. Gourley will contribute 1 academic month to coordinate the tasks among different parties. Dr. Hong will contribute 1 month to advise the student. No funds are requested for PIs or Co-PIs. The model setup will directly contribute to the coupling of HL-RDHM to ADCIRC on the Tar River Basin through a proposal funded by the NOAA Coastal Services Center (PI: Dr. Rick Luettich, UNC; $500,000/yr for 3 years beginning in 2008).
(1.b.ii)  
Implement NCSU Estuary-Lower River Flood model to provide water quality information (i.e. salinity) (NSSL, NCSU) 
Overview: This component of CI-FLOW, called CIFLOW-SAL (CI-FLOW SALinity), will focus on several high energy storm events and also several different precipitation regimes during like seasons to compare salinity distributions both laterally and vertically from Oregon, Hatteras and Ocracoke Inlets throughout the Pamlico Sound and up to the headwaters of the Tar-Pamlico and Neuse Rivers where the NCSU hydrologic models connect to the NOAA river models and watersheds.

NCSU will lead this effort and will implement and validate an integrated salinity modeling system extending from the headwaters of the Tar River to the Atlantic Ocean. This cross-Line Office, multi-university collaboration directly addresses NOAA Integrated Water Resource Services (IWRS) effort, is a major component of the Coastal Estuary River Information System (CERIS), and is fully supported by the “NOAA in the Carolinas” consortium.

The modeling environment will initially include the NCSU Estuary(Lower River Flood model to provide salinity information in the coastal/tidal zone, inlets, Pamlico Sound, and the Tar-Pamlico and Neuse Rivers up to their headwaters. Output from this model will be used in inland stream flow simulations provided by the TREX distributed hydrologic model running at NSSL and NWS distributed hydrologic model. This integrated modeling framework will take advantage of high-resolution precipitation information from the NSSL Quantitative Precipitation Estimation (QPE) Q2 system and high-resolution state-of the science meteorological information produced by the Weather Research Forecast (WRF) model to increase the accuracy and resolution of hydrologic simulations for the Carolina research area. 

The scope and significance of external demands on our coastal watersheds necessitates innovative strategies and proactive approaches be used to mitigate the social and economic impacts leading toward hazard resilient coastal communities. Consistent with the project goals of CI-FLOW, this proposed activity will facilitate the development and integration of a watershed and an estuarine water quality modeling system on the Tar-Pamlico River Basin in North Carolina initially focused on simulating salinity levels produced by significantly different precipitation regimes. Generic mathematical couplings will produce the necessary output to investigate responses of primary ecosystem parameters to flooding and water quality events. These responses will provide important information regarding the status of ecosystems of the Tar-Pamlico and Neuse river watersheds, especially those parameters directly related to fisheries management. 
FY08 NCSU Estuary-Lower River Flood Model Implementation Activities

Budget:  $45K (North Carolina and South Carolina Sea Grant Omnibus Funding FY08)

Partners for this Proposal – Project CI-FLOW Phase V:

· NC State University (Dr. Len Pietrafesa, Dr. M. Peng, Dr. S. Bao, Dr. M. Xia)

· NSSL (Dr. JJ Gourley, Ken Howard, Kevin Kelleher)

· University of Oklahoma (OU), Cooperative Institute (Dr. Suzanne Van Cooten)
· National Sea Grant Extension (Robert Bacon (SC), Dr. Jack Thigpen (NC))

· NWS Office of Hydrologic Development (Gary Carter, Geoff Bonnin)

FY08 Activity: 
Tasks: 

· Create a working prototype “coupled model system” in the Tar/Neuse River Basin and associated Pamlico Sound using the Weather Research Forecast (WRF) forecast model and its wind and precipitation fields with the NCSU hydrodynamic models focusing on salinity output

· Compare WRF precipitation fields to actual NSSL/NWS measured precipitation fields. 

· Couple WRF precipitation estimates and wind fields to the NCSU suite of research hydrodynamic models (including storm surge) in the Inlets, across the Pamlico Sound, the Tar-Pamlico and Neuse River Basins and produce horizontal and vertical salinity distributions

· Develop and evaluate the CI-FLOW modeling system as it relates to diagnostic and prognostic salinity output through improved input (e.g., WRF derived and validated quantitative precipitation estimates) as they relate to salinity distributions under several well documented extreme storm events and as they relate to different years when there were differing precipitation regimes

· The hydrodynamic model, driven by WRF, will drive the salinity model for storm scenarios and for seasonal (order of  3-4 month) scenarios 

Deliverables:

Dr. Pietrafesa, NCSU, will be responsible for the following deliverables: 

· In coordination with scientists from NSSL oversee the implementation of Q2 precipitation estimates into the watershed model and the estuarine system model, with consideration of storm surges from hurricanes.  Hurricane Isabel will be used as a development test case, and an additional hurricane case (to be determined) will be used for validation of water quantity.  

Dr. Peng, NCSU, will be responsible for the following deliverables:

· Create a nested storm surge modeling system for the lower Tar-Neuse-Pamlico River, the Pamlico Sound and the coastal ocean via the present inlets.  Simulations of water quantity from the nested domain will be compared to the larger domain for the validation case.    

· Demonstrate the modeling of temporal and spatial salinity distributions (water quality) for the validation hurricane case.  Show an initial comparison of model-simulated salinity to observed salinity.   

Dr. Bao, NCSU, will be responsible for the following deliverables:

· Run the WRF model to yield the meteorological wind and precipitation forcing fields for the validation hurricane case. 

· Evaluate WRF precipitation fields against Q2 observations for the validation hurricane case. 

· Transfer the atmospheric model output to Peng to drive the hydrodynamic and salinity models for the validation hurricane case.  

2. Coastal Ocean /Estuary water quality and quantity activities 

(2.a) 
NWS HOSIP QPE research

Summary and continuation of what is presented in Appendix A.1.a:

As described in the inland water quality and quantity activities, NSSL, OHD, and NESDIS will continue their QPE research collaboration in FY08. The FY08 research will focus on two hydrometeorological events associated with landfalling tropical systems, Hurricane Isabel (2003) and Tropical Storm Alberto (2006), to evaluate algorithm performance due to warm rain processes. Hurricane Isabel produced significant water level rises along its path on the east coast of the United States. This research activity offers an opportunity to examine the affects of precipitation estimate biases in the accuracy of water level simulations in the coastal plain of the Tar River. Reference project details and plan elements previously presented in the inland water quality and quantity activity section. 

(2.b) 
Investigations to couple ADCIRC model results to inland streamflow modeling ensemble

Goal: Couple ADCIRC into CI-FLOW modeling system

Budget: $35 K 
Overview 

Historically, IT limitations have forced scientists and engineers to couple atmospheric, hydrologic and hydraulic models in an ad hoc fashion, which precludes a more holistic description of coastal hazard response.  Advances in IT (High Performance Computing (HPC) platforms, Earth System Modeling Framework (ESMF), Model Coupling Environmental Laboratory (MCEL)) and science (data assimilation, remote sensing) facilitate dynamic coupling and ensemble forecasting.  This project applies these advances to develop a hydrologic modeling system that is dynamically coupled to atmospheric and hydrodynamic models.

Meteorological forcing and the highly heterogeneous coastal environment are two of the largest sources of uncertainty in hydrologic modeling of coastal watersheds.  Currently, lumped parameter hydrologic models dominate the practice, and they are forced with some combination of single-valued measured or forecasted meteorological data (e.g., Quantitative precipitation or temperature forecasts (QPF and QTF), Doppler radar, gauges, ensemble means). The hydrologic response is sensitive to the downstream boundary condition, which depends on the dynamic nature of coastal surge and waves. To accurately describe the heterogeneous environment, a physics-based, distributed hydrologic model is used, which is inherently better at representing the spatial variability of factors that control runoff. To account for meteorological uncertainty due to model/discretization errors, ensemble modeling, a priority research area identified by NOAA's Office of Hydrologic Development (OHD) is used.

The interface between the hydrologic (e.g., HL-RDHM, or TREX) and hydrodynamic (e.g., ADCIRC) model is not static. Therefore, its location must be chosen to maximize model stability and accuracy and account for the energy associated with incoming or outgoing flood waves.  Moreover, the models operate at different spatio-temporal scales. Averaging or projection techniques are used to derive equations that pass fluxes from one domain to another, while simultaneously satisfying the underlying physical conservation laws. Coupling is facilitated by MCEL and ESMF. Ensemble forecasts from 3-km WRF 3DVAR data assimilation, which forces the hydrologic forecasts, are validated against observations. The skill of the system is assessed against the NOAA's Ensemble Streamflow Prediction system.

FY08 Activities

· Improve ability to model the hydrologic response of the coastal environment. The resulting model will be used to provide data on coastal flooding for retrospective event analyses, probabilistic analyses of future designs and planning scenarios, and the forecasting of real events.

· Collect hydrologic data to include stream flow, topography, land use, and soil type/moisture, as provided by the USGS, Natural Resources Conservation Services (NRCS), and private enterprises. 

· Collect atmospheric data to include surface and remote observations, as provided by NOAA and NASA.

Partners 

Dr. Randall Kolar – University of Oklahoma

Dr. Pat Fitzpatrick, Northern Gulf Institute, Mississippi State University, Stennis Space Center

Dr. Jonathan Gourley, NOAA/National Severe Storms Lab, OK.

Tasks and Deliverables:

Year 1: 

· Define interface conditions that satisfy conservation laws 

· Identify interface location that optimizes stability, accuracy, and computational efficiency 

· Collect data needed to develop model grid 

· Develop model grid 

· Identify hydrologic models for ensemble forecasting. 


Year 2: 

· Perform skill assessment of hydrologic models (stand-alone)

· Modify hydrologic model to accommodate dynamic interface with ADCIRC

· Identify framework to facilitate model coupling (e.g. ESMF or MCEL).


Years 3-4: 

· Dynamically couple the hydrologic model to the other system components

· Validate the coupled model system

· Optimize for performance on HPC systems. 


Years 5-6: 

· Model application

· Operational transition to regional locations of River Forecasts Centers on the East Coast, Gulf Coast, and West Coast.

· Recommendations to NOAA’s OHD for national implementation.
(2.c) Investigations to couple NCSU ocean hydrodynamic model with inland streamflow modeling ensemble to produce simulations of water quantity and quality

Summary and continuation of what is presented in Appendix A.1.b.ii:

The CI-FLOW SAL project will compare salinity distributions both laterally and vertically from Oregon, Hatteras and Ocracoke Inlets throughout the Pamlico Sound and up to the headwaters of the Tar-Pamlico and Neuse Rivers where the NCSU hydrologic models connect to the NOAA river models and watersheds.

North Carolina State University will lead this effort and will implement and validate an integrated salinity modeling system extending from the headwaters of the Tar River to the Atlantic Ocean. The modeling environment will initially include the North Carolina State University (NCSU) Estuary(Lower River Flood model to provide salinity information in the coastal/tidal zone, inlets, Pamlico Sound, and the Tar-Pamlico and Neuse Rivers up to their headwaters. Output from this model will be used in inland stream flow simulations provided by the TREX distributed hydrologic model running at NSSL and the National Weather Service’s (NWS) distributed hydrologic model. This integrated modeling framework will take advantage of high-resolution precipitation information from the National Severe Storms Laboratory’s (NSSL) Quantitative Precipitation Estimation (QPE) Q2 system and high-resolution state-of the science meteorological information produced by the Weather Research Forecast (WRF) model to increase the accuracy and resolution of hydrologic simulations for the Carolina research area. 

Full Project details are provided in the inland water quality and quantity activity section. 

(2.d) 
Develop real-time access to existing ensemble of ocean hydrodynamic models delivering water quantity information for the eastern North Carolina coastal ocean/sound system 

An ensemble of ocean hydrodynamic models which produce simulations of coastal ocean conditions will be assembled as a result of the research activities outlined in sections A.2.b and A.2.c. The NCSU ocean modeling suite includes NCSU versions of the Princeton Ocean Model (POMS), Hybrid Coordinate Ocean Model (HYCOM), Regional Ocean Modeling System (ROMS), Finite Volume Coastal Ocean Model (FVCOM), and Environmental Fluid Dynamics Code (EFDC) forced by atmospheric model output. Other members of the CI-FLOW ocean model ensemble will be ADCIRC and possibly other NOAA operational models used in forecast operations and previous NOAA research efforts. The number of ocean models available for the western Atlantic and Caribbean will require CI-FLOW researchers to develop methods for data ingest. These methods can then be leveraged in the future to facilitate real-time exchange of model data using the most efficient methods possible. 

3. Education, Outreach, Project Strategic Development 

(3.a) 
Develop CI-FLOW information portal for CI-FLOW leveraging NOAA nowCOAST and NSSL QPE systems 

Overview: 


To facilitate Sea Grant outreach activities and create the opportunity for interactive sustainable product assessments from North Carolina CI-FLOW users, visualization tools need to be developed. These visualization tools need to be developed in conjunction with users to insure the information is understandable, accessible, and adaptable for a majority of CI-FLOW customers. 

The NSSL QPE system (nmq.ou.edu) is a fundamental piece of CI-FLOW. Activities are nearly complete to convert NSSL QPE data to Geo-TIFF files for ingest in the NOAA nowCOAST system for real-time display of high-resolution precipitation estimates for the CONUS. The NOAA nowCOAST system is an interactive web page gathering all in-situ and remotely sensed weather and water data gathered by NOAA and its partners globally. The NOAA nowCOAST graphical user interface is similar to those employed by GIS systems with user-selectable layers. Existing NOWCAST capabilities allow users to customize the nowCOAST interface to display various combinations of in-situ and remotely sensed data, NOAA forecast products and nowCOAST partner data including hydrologic information (stream gauges, precipitation micronets). This approach allows CI-FLOW users overlay weather and water, especially precipitation, information onto maps compiled from layers containing river basin boundaries, regional infrastructure (i.e. roads), and terrain. This system synthesizes numerous information streams into a cohesive picture of conditions existing and forecast for the CI-FLOW area.  

FY08 CI-FLOW Information Portal Development Activities

Budget:  $50K (Matching funds from NWS AHPS and NOAA Southeast and Caribbean Regional Team (SECART) FY08)

FY 08 Partners:

· NOS CSDL (John Kelley) 

· National Severe Storms Lab (Vicki Farmer, J.J. Gourley, Ami Arthur, Ken Howard, Kevin Kelleher)

· University of Oklahoma Sea Grant (Suzanne Van Cooten) 

· National Sea Grant Extension (Robert Bacon (SC), Jack Thigpen (NC))

· National Weather Service (Gary Carter (OHD), Glenn Austin (OCCWS), Todd Hamill (SERFC), NinC WFOs) 

· Coastal Service Center (Jeff Payne, Doug Marcy)

· North Carolina Climate Office 

· NWS NCEP (Storm Prediction Center (SPC) and Hydrometeorological Prediction Center (HPC))
· NESDIS (Scott Cross, NCDDC, NCDC)
· NOAA Southeast and Caribbean Regional Team (SECART)
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Goal: Develop a CI-FLOW information portal

The CI-FLOW project will leverage the existing nowCOAST platform to provide eastern North Carolina users nowCOAST information with additional capabilities to display research products related to CI-FLOW program goals including NSSL’s experimental quantitative precipitation estimation (QPE) Q2 products and other radar based products such as sea breeze identification and tracking. Additionally, nowCOAST CI-FLOW architecture will allow display of experimental distributed river stage simulations and storm surge from the CI-FLOW hydrologic model ensemble with password protection to limit product distribution to selected CI-FLOW partners involved in product assessment. 

CI-FLOW nowCOAST users will have three maps to initially choose from (CONUS, NOAA SEACART, and Tar/Neuse River Basins and Pamlico Sound of North Carolina). All three pre-determined nowCOAST maps will be customizable once users select one of them. An integrated product suite of meteorological, hydrologic, and ocean observations in addition to NOAA NWS forecast products and GIS map layers of physical parameters (i.e. terrain) and regional infrastructure (i.e., roads and counties) will be available outside of password protection. The user interface and system architecture will be nowCOAST tailored to CI-FLOW project needs. 

FY08 Activity: Establish CI-FLOW web page by customizing existing NOAA and North Carolina weather and water information  
· NOAA nowCOAST system will be developed and reside at current nowCOAST center to leverage programming and maintenance expertise  

· Leverage existing nowCOAST computing infrastructure including emerging projects of displaying NWS NDFD, all NWS warning program products, and NSSL Q2 QPE to  

tailor information for three map sectors (Full CONUS; NOAA SECART region (includes Puerto Rico and Caribbean; and eastern North Carolina)
· Establish direct link  from nowCOAST system to CI-FLOW web page at National Weather Center 

· Development of other CI_FLOW web page components 

· Provide links to NOAA/NWS interactive flood inundation maps for Tar River 

· Provide links to NOAA/NWS River Forecast Center, USGS, and, and North Carolina State Climate Office for historical river data and damage assessments 

· Provide links to scientific journal articles and academic research activities ongoing in the Tar and Neuse River basins 

· Provide access to calibration artifacts from river modeling activities (i.e. precipitation, channel cross sections, soil maps, etc.)  

Figure illustrates NOAA nowCOAST real-time data visualization page currently available from www.nowcoast.noaa.gov

(3.b) 
Conduct CI-FLOW education and outreach activities in conjunction with NSG, North Carolina and South Carolina Sea Grant, COSEE, North Carolina State Climate Office, and other NOAA in the Carolinas partners
Overview: 
The CI-FLOW project has developed a unique blend of partners focused on improving the delivery of water information to the citizens of eastern North Carolina. These partnership organizations range from federal laboratories to state research incubators providing a sustainable pathway for national research program results to be applied to local needs. Staffs of these partnership organizations include weather and water researchers involved with academic and federal research programs, NWS operational weather and water forecasters, social scientists, educational and outreach coordinators, and local water management regulatory officials from inland North Carolina to the Carolina coast. This spectrum of expertise and local access will provide CI-FLOW scientists and NOAA policy makers a unique opportunity to quantify the true value of water to residents who reside in rapidly expanding communities vulnerable to hydrologic hazards. Importantly, the newly established University of Oklahoma Sea Grant Weather/Climate Extension Specialist position will be highly leveraged in the CI-FLOW Tar-Pamlico education and outreach program. This position will provide continuity between CI-FLOW project components as CI-FLOW activities are transported to South Carolina, Texas, and other areas using the NOAA CERIS program as a transfer mechanism.    

Goal: Initiate and sustain interactive discussions on CI-FLOW research and demonstration products to improve information delivery and hazard awareness. 

FY08 Activity:  Implement the CI-FLOW Web site to facilitate Sea Grant outreach activities to create opportunities for interactive sustainable product assessments from North Carolina CI-FLOW users. *** (Awaiting development of CI-FLOW nowCOAST component in FY08) 

Budget:  Included in $50K matching funds from NOAA CSC and NWS AHPS (A.3.a)
FY09 Activity:  
Develop operational scenario with NWS Warning Decision Training Branch (WDTB) for land-falling tropical system in CI-FLOW project area to demonstrate existing NOAA hazard watch and warning process, with emphasis on flood and flash flood services  

Budget:  $ 12,500 from OU Sea Grant with NWS matching funds of $12,500  

· The scenario will bring together North Carolina partners and stakeholder to understand the existing NOAA hazard watch and warning process for a landfalling tropical system which produces catastrophic inland flooding within the Tar-Pamlico watershed 

· Using the existing operational framework,  Sea Grant facilitators will stimulate discussion on tailoring CI-FLOW demonstration products to meet current and emerging stakeholders needs

· Existing NC outreach programs administered by NWS Warning Coordination Meteorologists (WCM) and the NC-FIRST program will be leveraged to reach out to Emergency Managers, Decision Makers, and Local Media 

FY09 Activity: Workshop(s) and Tele-Training  

Budget:  Funds currently available through Sea Grant Omnibus Funding 

1)  Workshops will be organized by NSG and its NC and SC partners to bring stakeholders together to inform participants on CI-FLOW program progress. 

2)  An initial workshop focus will be the CI-FLOW web page features and information. Sea Grant facilitators will lead activities to gather input on web page and project aspects to optimize CI-FLOW project plans and identify additional opportunities for collaboration with local partners

3)  The second workshop will use the landfalling tropical storm scenario to gather information on customer needs to tailor CI-FLOW demonstration products.

4) 
One North Carolina workshop will be organized in conjunction with NC Sea Grant, RENCI, and NOAA in the Carolina partners to bring scientists and citizens face to face  

5)  Go-To-Meeting and teleconference software capabilities will be utilized to sustain communication outside of the workshop with local partners 

6) 
CI-FLOW researchers will seek to actively participate in COSEE educator workshops and other regional hands-on regional education workshops focused on ecosystems within the Tar/Neuse/Pamlico area

(3.c) 
Support for undergraduate and graduate students for CI-FLOW research activities
FY08-10 Activity: NWS HOSIP QPE research (NSSL, OHD, and NESDIS)

Goal: Support CI-FLOW research programs and project goals 
a. Identify undergraduate student support for data compilation and processing to produce gridded QPE fields (Completed 3rd Quarter FY07)
b. Enter QPE gridded fields into NSSL QVS for Hurricane Isabel and Tropical Storm Alberto to quantify accuracy of estimates (FY07 4th Quarter)  


Budget:    $10K from NOAA EEO for student (David Moran) per Linda Skaggs 

$25K from NOAA AHPS money for QPE Collaboration in FY08 

FY08-10 Activity:  Develop Analysis of Record (AOR) of multi-sensor QPE for eastern 

  North Carolina  


Goal: Establish gridded multisensor QPE at 1 km spatial resolution and 5 min temporal 

resolution using NSSL Q2 system to produce a precipitation archive of 10 years for use in hydrologic modeling activities 
a. Identification and selection of student (Completed 3rd Quarter FY07)

b. Compile and process data fields to produce gridded QPE fields for the past 10 years for eastern North Carolina  
Budget:    $30K (Steven Mullins, SoM Graduate student for 1 year (Graduate Advisor, Dr. Ken Crawford; NSSL/OU Scientist Support, Ken Howard and Dr. Suzanne Van Cooten)   
Appendix B - Project History

NSSL, the National SG College Program and the North and South Carolina Sea Grant programs established a joint project in 2000 centered in the North and South Carolina areas affected by Hurricanes Dennis and Floyd. This project, originally called IFLOW (Inland Flooding Observation and Warning), was conceived as a research and development demonstration program for the evaluation and testing of new technologies and techniques to produce accurate and timely identification of coastal and inland floods, and flash floods.

The initial IFLOW prototype used enhanced quantitative precipitation estimation techniques and methodologies in the coastal and inland Carolinas to produce cutting edge, multi‑radar severe weather tools containing NSSL's latest Doppler radar algorithms. The project tested a suite of multi-sensor algorithms and models that utilize radar data, integrated with other weather and hydrometeorological sensor data (e.g., rain gage, lightning, surface weather observations, stream flow gages, satellite imagery, and mesoscale model output) to produce precipitation estimates at high temporal and spatial resolutions.  In addition, Geographical Information Systems (GIS) technologies were used to provide hydrological guidance and model parameter input. The initial project implementation of these advanced algorithms in the Carolinas consisted of six components: 1) ingest of raw data sources including base-level WSR-88D radar data, 2) quantitative precipitation estimates (QPE SUMS, this work is partially completed), 3) spatially distributed hydrological modeling (Vflo™ ), 4) dissemination of products via a web-based display system, 5) outreach, and 6) integration with the North Carolina State University storm surge model. 

In collaboration with Vieux & Associates, Inc., NSSL adapted an advanced hydrological distributed model (Vflo™) for operational stream flow monitoring and flood prediction. Vflo™ is a private sector commercial model developed under Dr. Baxter Vieux’s direction at Vieux & Associates, Inc.  Vflo™ utilizes high-resolution rainfall QPE and QPF inputs and runs in a JAVA programming environment (www.vieuxinc.com). Vflo™ is a fully distributed, physics-based hydrologic model capable of utilizing geographic information and multi-sensor input to simulate rainfall runoff from major river basins to small catchments. Vflo™ used NSSL’s advanced QPE data as input and was scalable across small streams and watersheds to major river basins.  

Project IFLOW was changed to Project CI-FLOW (Coastal, Inland Flood Observation and Warning) in 2006 to avoid confusion with a project having a similar name (e.g., IFLOWS). As of 2008, four phases of Project CI-FLOW had been funded: (1) implementation in the Tar River basin of a cutting edge multi-sensor precipitation estimation technique called QPE-SUMS (Quantitative Precipitation Estimation and Segregation Using Multiple Sensors; Gourley et al. 2001) that has subsequently been replaced by an upgraded version called Q2; (2) implementation of two physics-based distributed hydrologic models (Vflo™ then CASC-2D or TREX in 2007) ingesting Q2 data; (3) coupling of North Carolina State University’s (NCSU) Estuary(Lower River Flood model (Xie and Pietrafesa 1999) with output from both Q2 and the distributed model; and (4) NCSU research activity to couple a watershed model with an estuarine model to initiate the development of a precipitation data assimilation module in the CI-FLOW modeling suite.
Acronyms

ADCIRC - Advanced Circulation Model
AOML/HRD - Atlantic Oceanographic & Meteorological Laboratory/Hurricane Res. Division

ASFPM - American Association of Flood Plain Managers

AOR- Analysis of Record
AHPS – Advanced Hydrologic Prediction System

AWIPS - Advanced Weather Interactive Processing System

CI-FLOW SAL - CI-FLOW SALinity

CERIS - Coastal Estuary River Information System
CEMEPS - NCSU Coastal and Estuary Model & Environmental Prediction System

CERIS - Coastal Estuary River Information System

CI-FLOW - Coastal and Inland Flooding Observation and Warning
CONUS - Continental U.S.

CSDL - Coast Survey Development Lab

CSC - Coastal Services Center

COSEE- Centers for Ocean Science Educational Excellence
EEO – Equal Employment Opportunity

EFDC - Environmental Fluid Dynamics Code

EPA - Environmental Protection Agency

ESMF- Earth System Modeling Framework
EFDC - Environmental Fluid Dynamics Code 

FEMA - Federal Emergency Management Administration

FFMP – Flash Flood Monitoring and Prediction algorithm

FIRM - Flood Insurance Rate Maps 

FVCOM - Finite Volume Coastal Ocean Model

GIS – Graphical Information System

GLERL – Great Lakes Environmental Research Laboratory

H-OSIP –  Hydrologic Operations and Service Improvement Process
HL - NWS Hydrology Laboratory

HL-RDHM - Hydrologic Laboratory Research Distributed Hydrologic Model
HEC-RAS- Hydrologic Engineering Centers River Analysis System
HMT - NOAA’s Hydrometeorological Testbed

HMT-SE - NOAA Hydrometeorological Testbed Southeast

HPC – Hydrometeorological Prediction Center

HPC- High Performance Computing
HYCOM - Hybrid Coordinate Ocean Model

IOOS – Integrated Observation…

IFLOW - Inland Flood Observing and Warning project

IWRS - Integrated Water Resource Services

LIDAR – Light Detection and Ranging 
MPE - Multisensor Precipitation Estimator

MCEL- Model Coupling Environmental Laboratory 
NOS - National Ocean Service

NCSG - North Carolina Sea Grant program

NCDC – National Climatic Data Center

NGS - National Geodetic Survey

NCSU - North Carolina State University

NESDIS – National Environmental Satellite and Data Information Service

NOAA - National Oceanic and Atmospheric Administration
NRCS - Natural Resources Conservation Services
NWS - National Weather Service 

NSG - National Sea Grant

NSSL - National Severe Storms Laboratory

NSG - National Sea Grant College Program

NASA – National Aeronautical and Space Administration

NERRS - National Estuarine Research Reserve System

NEXRAD – NEXt generation RADar

NMFS - National Marine Fisheries Service (NOAA)

NMQ - National Mosaic and QPE system

NPS - National Park Service

NCEP – National Centers for Environmental Prediction

NDBC - National Data Buoy Center (NWS)

NWP - Numerical Weather Prediction

NOPP - National Oceanographic Partnership Program
NSF – National Science Foundation

OAR - Oceanic and Atmospheric Research Laboratories
OHD - NWS Office of Hydrologic Development

OU - University of Oklahoma

POMS - Princeton Ocean Model

QPF – Quantitative Precipitation Forecast

QTF- Quantitative Temperature Forecast

QPI - Quantitative Precipitation Information

Q2 - Quantitative Precipitation Estimation algorithm (2nd generation, multi-sensor)

QVS – Q2 Verification System

QPE - Quantitative Precipitation Estimates

RFC - River Forecast Centers

RENCI - Renaissance Computing Institute (NC)

ROMS - Regional Ocean Modeling System

RUC - Rapid Update Cycle 

SECOORA - Southeast Coastal Ocean Observing Regional Association

SCSG - South Carolina Sea Grant Program USGS - U.S. Geological Survey

SECART - NOAA Southeastern- Caribbean Regional Team
SG - Sea Grant

SPC – Storm Prediction Center (NWS)

STAR - Center for Satellite Applications and Research

SCaMPR - NESDIS Self-Calibrating Multivariate Precipitation Retrieval satellite algorithm  
TREX – Streamflow model run by Colorado State University (aka. CASC-2D)
UNC - University of North Carolina

USACOE - U.S. Army Corps of Engineers

VSTQPF - Very Short Term Quantitative Precipitation Forecasts

WRF – Weather Research Forecast model

WCM - NWS Warning Coordination Meteorologists

WFO - Weather Forecast Offices
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