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It is our intention to update the status of Project CI-FLOW at least on a quarterly basis and post the status on the CI-FLOW webpage.  For each quarterly status update, we intend to include key CI-FLOW milestones for the next six month period to help keep everyone informed of the upcoming set of tasks that require our focus.

Key Milestones For Next 6 Months:  

April 2009 Milestone: 
Demonstration of coupled model system using Hurricane Isabel. The members of the inland river model ensemble will each generate hourly discharge for the Tar-Pamlico River at Tarboro, North Carolina. This discharge will be provided to members of the coastal-ocean model ensemble to generate water level information for coastal verification points.  All aspects of the system including computational performance, accuracy of results, and visualization tools will be open for assessment via a password-protected web site accessed by CI-FLOW research partners only.  Results and recommendations from this milestone will then be implemented in preparation for the June 2009 milestone: a pseudo-real-time demonstration of the CI-FLOW end-to-end (coupled modeling to visualization) system for the 2009 Tropical Season. Products generated in the real-time demonstration will also be restricted access using the password-protected web site accessed by CI-FLOW research partners only.
June 2009 Milestone: 

June 2009 Milestone: Results and recommendations from the April 2009 milestone will be implemented prior to the start of the 2009 Atlantic Hurricane season to insure all  CI-FLOW components are ready for a pseudo-real-time demonstration of the end-to-end (coupled modeling to visualization) system. Computing infrastructure, data exchange, data access (password-protected), and data visualization systems will be ready to go should a landfalling tropical system affect the North Carolina coast. Products generated from this psuedo-real-time demonstration will be restricted access using the password-protected web site accessed by CI-FLOW research partners only.
CI-FLOW Project Components

1) Inland River Modeling and Ensemble Development 

Hydrology Lab-Research Distributed Model (HL-RDHM) Status
The National Weather Service (NWS) HL-RDHM has been implemented for the Tar-Pamlico and Neuse River basins of North Carolina. The CI-FLOW HL-RDHM framework at NWS Office of Hydrology uses only a-priori variables and simulates only sub-basins in the upper portion of the Tar-Pamlico. The CI-FLOW HL-RDHM framework at the National Weather Center (NWC) has been established for the all the sub-basins of the Tar-Pamlico and Neuse River basins and has optimized model variables based on automated and manual calibration efforts. CI-FLOW researchers are modeling both the Tar-Pamlico and Neuse River basins due to their influence on water levels in the Pamlico Sound. In assessments of modeling results for Hurricanes Dennis and Floyd, members of the CI-FLOW research team documented significant errors in simulations of water levels near the mouth of the Tar-Pamlico and along the adjacent coastline of the Pamlico Sound for modeling runs which did not include a freshwater contribution from the Tar-Pamlico and Neuse Rivers. The interaction between the two rivers and the Pamlico Sound is such that they cannot be separated. Therefore, both river systems must be modeled together as one complete system to produce accurate simulations of water quantity (e.g., storm surge) or water quality. 
HL-RDHM Implementation at NWS Office of Hydrology (OH)
CI-FLOW HL-RDHM has been implemented at the NWS Office of Hydrology to support the National Severe Storms Laboratory (NSSL) and Office of Hydrologic Development (OHD) research collaboration to improve Quantitative Precipitation Estimates (QPE). A synopsis of this collaboration is presented in the QPE research section of this report. 
Relevant to the inland river modeling efforts, the HL-RDHM was implemented for the upper sub-basins of the Tar-Pamlico watershed only (Collaborators: Yu Zhang and David Kitzmiller) to assess the effects of NSSL Q2 QPE estimates and OHD HPE estimates on streamflow simulations. This decision was made based upon questions regarding reservoir operations at the Rocky Mount Reservoir. The question is how to incorporate these effects into the HL-RDHM in a timely manner such that an assessment of results could be made in time to be presented at the AMS 2007 Annual Meeting in San Antonio. 
The NWS OH HL-RDHM model was “frozen” with the 2006-2007 calibration and implementation scheme to insure continuity for the 2008 assessment of QPE for warm season rain events. The results were presented at the AMS 2009 Annual Meeting in Phoenix. At this time, model variables use a-priori values only, and have not been optimized by calibration techniques. 
HL-RDHM results have been produced for four cool-season rainfall episodes in December 2004 and January 2005. In addition, results have recently been produced for Hurricane Isabel (September 2003) and Tropical Storm Alberto (June 2006). The Tar-Pamlico sub-basins modeled are those of TRVN7 – USGS 02081500 – 432 km2, LOUN7 – USGS 02081747 – 1105 km2, RNGN7 – USGS 02082950 – 458 km2, EFDN7 – USGS 02083000 – 1362 km2, and ROKN7 – USGS 02082585 – 2395 km2, which are labeled on the map. 
Ongoing Efforts: OH HL-RDHM



N/A
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HL-RDHM Implementation at National Weather Center (NWC) 

HL-RDHM has been implemented for the each of the sub-basins Tar-Pamlico and Neuse River basins through an OH (Y.Zhang), NSSL (J.J. Gourley, Z. Flamig, and H.Moser), and OU Civil Engineering (Y.Hong and H. Vergara Arrieta) partnership. In June of 2007, researchers from NSSL (J.J. Gourley and S. Van Cooten) attended a three day training session provided by OH at the NWS Arkansas-Red River Basin River Forecast Center (ABRFC) on the use of the newly-released distributed hydrologic model (DHM). This training was conducted by OH personnel with support from ABRFC hydrologic forecasters who had implemented the model on several of the ABRFC basins within the ABRFC’s NWS River Forecast System (NWSRFS) operational forecasting framework. The training was conducted using the latest HL-RDHM research version. Following the training, the model code was provided to NSSL via the NWS local applications database web site (http://140.90.90.253/~applications/LAD/ ) and that code and computing framework was loaded onto OU and NSSL computers late in 2007.

Stage IV precipitation data from 1997 to 2007 was collected from NCEP (National Centers for Environmental Prediction) archives to force the HL-RDHM model with a-priori parameters. Subsurface moisture values were assigned based on researcher’s assessments of the condition of the soil states. These initial values provided a reasonable starting point for the 6-month warm up period needed for the soil states to reach equilibrium.  The water content of the buckets (subsurface soil moisture compartments) was determined by prior rainfall, estimated ET, percolation, etc. as determined from the water budget maintained by the HL-RDHM.  Images of the initial water content of the soils (upper zone free water content) prior to both Isabel and Alberto can be provided upon request. These plots provide information on the fullness of the buckets and initial soil layer moisture content after the 6 month warm-up period, but prior to the tropical system rainfall events of 2003 and 2006.

From this initial HL-RDHM simulation, discharge data for each of the gauges located at the mouth of a sub-basin were plotted with the corresponding USGS historical stream gauge reading to determine the accuracy of the simulation. From this assessment, an initial calibration was determined using the HL-RDHM variable optimization software. However, results from this effort showed almost no improvement in model simulations leading researchers to question its effectiveness. A second calibration effort used an optimization strategy developed at the University of Arizona. This calibration effort showed improvement in the accuracy of the discharge using the Nash-Sutcliffe technique. 

Hourly discharge values have been generated by the NWC version of the HL-RDHM for January 2003 through December 2006, which includes Hurricane Isabel and Tropical Storm Alberto, for TARN7 which is located at Tarboro, NC. The model was forced with NSSL Q2 QPE. Discharge values are available for HL-RDHM simulations using only a-priori variables, to insure consistency with OHD HL-RDHM results, and also for the simulation using the optimized variables defined by the second manual calibration effort using the University of Arizona technique.  

Ongoing Efforts: NWC HL-RDHM
Additional cases for Hurricane Alberto of 2006 are being processed as time allows.    
A continuous HL-RDHM simulation for each of the sub-basins in the Tar-Pamlico and Neuse River watersheds will be run once the NSSL Q2 ten-year archive of QPE is complete (5 minute temporal resolution, 1 KM grid) 

NSSL, OU and NWS OH river modeling groups will collaborate to establish a scheme to incorporate the effects of the Rocky Mount Reservoir on the sub-basin based on reservoir operation manual or historical record of operations for the reservoir 

Programming of reservoir operations scheme (e.g. reservoir inputs and subsequent discharge from reservoir based on storage/flood mitigation requirements) into HL-RDHM river model 

 Academic Research Models 

CI-FLOW is committed to fostering an ensemble approach for hydrologic and hydrodynamic modeling. To this end, academic research partners are collaborating at no additional project cost to help assemble this ensemble framework. Staff members of the OU Center for Natural Hazards and Disaster Research (NHDR) (http://nhdr.ou.edu/about.php) have led independent efforts to derive channel cross-sections, stream connectivity, and physically based parameters for a hydrologic model with precipitation forcing from gridded fields produced by the NSSL Q2 QPE system.  Discharge has been generated for Hurricane Isabel for TARN7 which is located at Tarboro, NC. 
Ongoing Efforts: Academic Research Models 
Additional cases for Hurricane Alberto of 2007 are being processed as time allows.    

NSSL, OU and NWS OH river modeling groups will collaborate to establish a scheme to incorporate the effects of the Rocky Mount Reservoir on the sub-basin based on reservoir operation manual or historical record of operations for the reservoir 

2) Coastal Ocean Modeling and Ensemble Development 

ADCIRC 

CI-FLOW is benefiting by a collaboration with scientists (R.Kolar, K.Dresback, and E.Tromble) of the OU Center for Natural Hazards and Disaster Research (NHDR) (http://nhdr.ou.edu/about.php) and University of North Carolina-Chapel Hill Marine Sciences Program (R. Luettich) by leveraging previous research and implementation efforts for the ADCIRC model (http://adcirc.org/) in the Pamlico Sound and nearshore domain of the Atlantic Ocean.    
The ADCIRC finite element grid incorporating the upstream boundary condition of the model has been finalized to meet a January 2009 CI-FLOW project milestone. This upstream boundary is based on a 15 meter elevation contour. This contour was selected as research results and post-storm surveys indicate tidal and storm surge effects remain seaward of this contour. The decision on this boundary insures these backwater effects would not enter into the domain of the upland riverine models. One potential problem resulting from this simplification is it precludes the ability to account for water that has fallen at elevations below the boundary.  CI-FLOW researchers (J.J. Gourley, H. Veregara, and Y. Hong) are in the process of computing the volume of discharge differences between Tarboro and Greenville based on both observations and simulations.  If the difference is rather small, then the water that has fallen at elevations below the boundary condition point may be safely neglected. This outcome eliminates the need to add a hydraulic model (e.g., HECRAS, FLDWAV) to the coupled model system or to add a dynamic wave component to the HL-RDHM and academic models to accurately capture the two directional flow occurring as a storm surge moves inland and pushes water upstream in the river channel, and then reverses flow direction to transport water downstream as the storm surge recedes. However, if the difference is significant, then a lateral flux boundary condition will need to be supplied to ADCIRC to account for the water downstream of the boundary. 
Ongoing Efforts: ADCIRC
Examine the possibilities for precipitation occurring on land areas seaward of the 15 meter elevation contour to be incorporated into ADCIRC grid cells.
Conduct an assessment on ADCIRC results to determine the effects of not including coastal precipitation falling seaward of the 15 meter land elevation contour on the accuracy of water level height simulations at coastal water level gauging locations.       

North Carolina State University (NCSU) Estuary-Lower River Flood model
As a component of the CI-FLOW SAL project, researchers (M.Peng, M. Xia, S. Bao, J.Epps and L.Pietrafesa) at North Carolina State University (NCSU) have established ocean hydrodynamic modeling capabilities for the Pamlico Sound which produce a simulation of storm surge and inundation. Initial CI-FLOW coupled modeling efforts were made using discharge from the T-REX inland river model as input to the NCSU hydrodynamic model. These efforts indicated T-REX was not capable of replicating a coastal storm surge moving upriver from the NCSU boundary condition point because a) the diffusive wave routing scheme used by T-REX was too slow to respond to a quick rise in water level resulting from storm surge and b) the slope in the coastal terrain was too gentle. T-REX was developed for western U.S. with mountain streams where the terrain is steep and channels are well defined. 
As a result of these findings, HL-RDHM results will be used and the boundary condition will be upstream of areas historically experiencing tidal or storm surge effects. Hourly discharge values generated by the NWC version of the HL-RDHM for January 2003 through December 2006, which includes Hurricane Isabel and Tropical Storm Alberto, for TARN7 which is located at Tarboro, NC, and other boundary condition points, as required, will be provided to NCSU researchers. The HL-RDHM model was forced with NSSL Q2 QPE. Discharge values are available for HL-RDHM simulations using the a-priori variables only, to insure consistency with OHD HL-RDHM results, and simulation using the optimized variables provided by the second calibration effort which employs manual calibration efforts.  

Ongoing Efforts: NCSU Estuary-Lower River Flood Model 


N/A 

3) Coupling Models 

As a component of his Ph.D. research, E. Tromble of the OU NHDC, has completed an assessment of wave routing techniques (diffusive, kinematic, dynamic) to determine an optimal technique to route storm surge inland from the Pamlico Sound. Results of his study for the Tar-Pamlico River indicate simulations produced by a dynamic wave routing scheme have smaller errors than simulations which route a wave diffusively or kinematically. Results were produced using a linear terrain slope and a terrain map of a simulated basin which incorporates a relatively flat coastal plain. Although the dynamic wave routing method has the highest amount of computational time, the errors in water level simulations produced by the diffusive and kinematic wave routing were not acceptable to CI-FLOW researchers. These findings also confirm the findings from a CI-FLOW research assessment of water level simulations produced by the T-REX model which was an early member of the CI-FLOW riverine modeling ensemble. The T-REX model routes water using the diffusive wave method. This method did not accurately simulate the storm surge as the diffusive wave routing technique did not incorporate the momentum of the storm surge.   
As a result of this research, the ADCIRC CI-FLOW ocean modeling development group, (R. Kolar, K. Dresback, and E.Tromble) of the OU NHDR and University of North Carolina-Chapel Hill Marine Sciences Program (R.Luettich) are working with the inland modeling group to determine the optimum method to take the storm surge information (which is contained in multiple ADCIRC grid cells across the channel cross-section of the Tar-Pamlico River at the 15m elevation contour) and accurately transfer the storm surge water mass and momentum into a dynamic wave routing module of the inland river models used in CI-FLOW.  In January 2009, the OU ADCIRC development team and NSSL CI-FLOW researchers organized a teleconference with NOAA Great Lakes Environmental Research Laboratory (GLERL) scientists (D. Schwab, E. Anderson, and M. Xue) to exchange information on techniques GLERL uses in modeling river flow into their Great Lakes forecast model which produces, among other things, water level simulations (http://www.glerl.noaa.gov/res/glcfs/). The GLERL technique extends the river model grid into the lake to create an artifical boundary condition away from the mouth of the river to reduce model instability at locations (shoreline and just upstream) where forecasts are needed. 
Ongoing Efforts: Coupling ADCIRC and NCSU Estuary-Lower River Flood Model to Inland River Models 

The CI-FLOW research task to produce stream discharge at Tarboro, NC, using rainfall from 2003 Hurricane Isabel to force HL-RDHM is complete. This stream discharge will be used to force ADCIRC and the NCSU model to produce water level simulations. Outcomes and findings from this research activity will be incorporated with those of the coastal precipitation sensitivity analysis whose details are provided in the ADCIRC portion of section 2 outlining coastal ocean modeling and ensemble development of this document. Findings from these two assessments will be used to formulate a short-term research plan to implement the most efficient coupling method possible to reach the April milestone  

4) Water Quality 

The CI-FLOW SAL component will initially provide simulations of salinity for multiple points in the lower portions of the Tar-Pamlico and Neuse River watersheds. Coordination efforts continue with researchers located at NCSU and NOAA’s Cooperative Institute at the Great Lakes Environmental Research Laboratory (GLERL) to exchange river and coastal ocean simulations generated by the CI-FLOW riverine and ocean model ensembles. Verification of modeling results will use coastal sensors operated by NOAA, USGS, and Universities.  

Ongoing Efforts: Water Quality 

Continue discussions and exchange of information with GLERL and NCSU researchers 

5) Quantitative Precipitation Estimates (QPE)
Researchers at NSSL (S. Van Cooten, K. Howard, J. Zhang, J.J. Gourley, C.Langston, H.  Moser, and D. Moran), Office of Hydrology (D. Kitzmiller, F.Ding, D.Riley, Y.Zhang), and NESDIS (D.Kim, R.Kuligowski) continue to examine the accuracy of QPE produced by the OHD Enhanced Multi-Sensor Precipitation Estimate (EMPE) and NSSL Q2 systems (nmq.ou.edu) within the Tar-Pamlico river region. This QPE evaluation has been 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. This research collaboration was entered into the NWS Hydrologic Operations and Service Improvement Process (H-OSIP) in FY06 and has successfully passed into Gate 3 of this process (http://www.weather.gov/oh/ppc/ program_execution.html#hosip). 
In 2007, CI-FLOW QPE collaborators completed their assessment of four cool season rainfall episodes which affected the Tar-Pamlico River basin region on December 14-15, December 24-25, December 26-27, 2004 and January 14-15, 2005. One of the December episodes included mixed form precipitation with snow and freezing rain in the upper portion of the Tar-Pamlico river basin. In this activity, researchers created common radar, satellite, and rain gauge input datasets for all NSSL and OHD QPE algorithms. The accuracy of QPE results from NSSL Q2 and EMPE was evaluated using a common set of reference rain gauge reports which were not included in the rain gauge input dataset used to derive gauge-corrected QPE products. Verification statistics using these designated reference gauges were generated by OHD and NSSL. OHD also provided QPE datasets generated for the four episodes to NSSL to insure a common evaluation system, the NSSL QVS system, was used.  The gridded QPE products produced for this evaluation activity were then passed to OH (Y. Zhang) as a forcing for the HL-RDHM to produce river discharge simulations for the Tar-Pamlico sub-basins of TRVN7 – USGS 02081500 – 432 km2, LOUN7 – USGS 02081747 – 1105 km2, RNGN7 – USGS 02082950 – 458 km2, EFDN7 – USGS 02083000 – 1362 km2, and ROKN7 – USGS 02082585 – 2395 km2 (reference map located in inland river model section). Results are presented in 
Kitzmiller, D.A. , F. Ding, S. Van Cooten, K. Howard, C. Langston, J. Zhang, H. Moser, R. J. Kuligowski, D. Kim, Y. Zhang, and D. Riley, 2008: A comparison of evolving multi-sensor precipitation estimation methods based on impacts on flow prediction using a distributed hydrologic model. Preprints, 22nd Conference on Hydrology, New Orleans, LA, Amer. Meteor. Soc., P3.4 [Available online http://ams.confex.com/ams/88Annual/techprogram/paper_134451.htm]

In 2008, CI-FLOW QPE collaborators completed an initial assessment of QPE produced by the OHD EMPE and NSSL Q2 systems for two warm-season rain episodes. This assessment examined QPE performance during Hurricane Isabel (September 2003) and Tropical Storm Alberto (June 2006). Following the methodology of the cool-season evaluation process, researchers created common radar, satellite, and rain gauge input datasets for all NSSL and OHD QPE algorithms. The assessment activity is continuing at this time. Radar only QPE products have been generated by the NSSL Q2 and OHD EMPE systems. The accuracy of the radar-only QPE results from NSSL Q2 and EMPE were evaluated using a common set of reference rain gauge reports. Researchers are currently generating gauge-corrected QPE fields which do not include designated reference gauges. Verification statistics for radar-only QPE, and soon gauge-corrected QPE, using the designated reference gauges have been generated by OHD and NSSL. 
OHD is also providing QPE datasets generated for the two storms to NSSL to insure a common evaluation system, using the NSSL QVS system. The radar-only gridded QPE products produced for this evaluation activity were then passed to OH (Y.Zhang) as a forcing for the HL-RDHM to produce river discharge simulations for the Tar-Pamlico sub-basins of TRVN7 – USGS 02081500 – 432 km2, LOUN7 – USGS 02081747 – 1105 km2, RNGN7 – USGS 02082950 – 458 km2, EFDN7 – USGS 02083000 – 1362 km2, and ROKN7 – USGS 02082585 – 2395 km2 (reference map located in inland river model section). Once the gauge-corrected QPE gridded precipitation fields are generated, these results will be sent to OH for the HL-RDHM evaluation. 
Additionally, the impact of the QPE fields from the four cold season cases and the two warm-season storms will be examined at OU/NSSL using the NWC HL-RDHM. This evaluation can be conducted currently for Hurricane Isabel of June 2003 using the NWC HL-RDHM since the river model ensemble is using Hurricane Isabel as a demonstration of capability to generate discharge to pass to members of the ocean model ensemble for the January 2009 milestone.  Results of the radar-only QPE assessment were recently presented in 

Kitzmiller, D.A. , F. Ding, Y. Zhang, D. Brewer, S. Van Cooten, K. Howard, C. Langston, J. Zhang, H. Moser, D. Moran, and D. Kim, 2009: A comparison of evolving multi-sensor precipitation estimation methods. Preprints, 23rd Conference on Hydrology, Phoenix, AZ, Amer. Meteor. Soc., 6B.1 [Available online http://ams.confex.com/ams/89annual/techprogram/paper_147255.htm]

In the summer of 2007, a research assessment of Vertical Profiles of Reflectivity (VPR) and their value to determining appropriate ZR relationships was conducted by Amos Dodson, a NOAA Hollings scholar from North Carolina State University, who was mentored by NSSL researchers (J.Zhang, K.Howard, J.J. Gourley, and S. Van Cooten). This research activity examined VPRs from the Newport/Morehead City and Raleigh, North Carolina and Wakefield, Virginia, NEXRAD Radars during Tropical Storm Barry in June 2007. Analysis of the data showed rapid modification of the air mass at the radar sites as the storm moved along the North Carolina coast. This assessment, and another assessment by NSSL QPE researchers, showed the positive impact of using dynamic Z-R rather than a static value for an entire event. As a result of these assessments, the NSSL Q2 system has implemented new computer algorithms which examine the characteristics of the line-plot of the NEXRAD generated VPR where the x-axis is dBz and the y-axis is elevation. By examining the slope, the freezing level, and the presence of any area of higher reflectivity centered along the freezing level, the Q2 system assigns an appropriate ZR value for every five minute volume scan for each pixel of the 1km grid mesh which covers the continental US. Results are presented in 
Dodson, A., S. Van Cooten, K. Howard, J. Zhang, and X. Xu, 2008: Assessing Vertical Profiles of Reflectivity (VPR's) To Detect Extreme Rainfall: Implications for Flash Flood Monitoring and Prediction.  Preprints, 22nd Conference on Hydrology, New Orleans, LA, Amer. Meteor. Soc., 1.5. [[Available online http://ams.confex.com/ams/88Annual/techprogram/paper_135143.htm]
Gridded radar-only and gauge corrected QPE fields have been generated and placed into the NSSL verification system (QVS) to examine the accuracy of the estimates. QPE for the following events resides on this internal NSSL server: December 2004-January 2005 (4 events), Hurricane Isabel 2003, and Tropical Storm Alberto 2006. Plots of the QPE and verification statistics can be provided upon request. 


Ongoing Efforts: QPE 

Continue discussions between OHD, NSSL and NESDIS to complete assessment of all cool and warm season precipitation events for publication in FY09  

6) Data Display and Dissemination 

Web Page Development (www.nssl.noaa.gov/ciflow)
The CI-FLOW web page has been redesigned. A new logo was designed by NSSL web development, outreach, and multi-media staff (V.Farmer, S.Cobb, J.O’Bannon, K.Tarp, J.Murnan, D.Thompson, and S.Van Cooten). This logo incorporates the NOAA logo and the CI-FLOW project mission of tracking a raindrop from the “sky to the summit to the sea” by way of the circular motif representing green raindrops/water element for the inland portion of the coastal watershed transitioning to the blue raindrop/water element for the coastal ocean portion of the watershed. 
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The CI-FLOW web page development team (V.Farmer, S.Cobb, S.Van Cooten, K.Kelleher) and NSSL GIS researchers (A.Arthur, K.Howard, C.Langston, S. Van Cooten, H.Moser, and D. Moran) have established a collaboration with the NOAA nowCOAST development team to leverage their efforts in visualizing coastal data fields. This collaboration has been facilitated by funding support provided by the NOAA Southeast and Caribbean Area Region (SECART) team led by Jeff Payne of NOAA’s Coastal Services Center (CSC) and NOAA Integrated Water Resources Services (IWRS) program led by Gary Carter of NWS Office of Hydrology (OH). This funding has allowed nowCOAST developers to establish dedicated informational feeds to NSSL for nowCOAST to be displayed on the new CI-FLOW web page and creation of a password-protected site for CI-FLOW to use in displaying CI-FLOW river information as project milestones in April, and June-October 2009 are reached. 


Ongoing Efforts: Web Page 



N/A

Development Efforts for Spatial Analysis Decision Tools 

Existing NWS flood inundation maps will be leveraged to illustrate inundation levels and duration for particular locations in the Tar-Pamlico and Neuse River basins. Visual depictions of inundation resulting from particular river stages on the Tar-Pamlico and Neuse River in North Carolina are currently available (http://www.weather.gov/ahps/inundation.php) for the Neuse River at Kinston (KINN7), Tar River at Greenville (PGVN7), Neuse River near Clayton (CLYN7), Haw River near Bynum (BYNN7), Neuse River near Clayton (CLYN7), Fishing Creek near Enfield (EFDN7), Neuse River near Goldsboro (GLDN7), Haw River at Haw River (HAWN7), Tar River at Louisburg (LOUN7), Neuse River at Smithfield (SMFN7), Tar River at Tarboro (TARN7), and Tar River near Tar River (TRVN7). 
As streamflow simulations are produced from the coupled CI-FLOW modeling ensemble, CI-FLOW researchers will establish water levels for each of the time steps for each of the inundation map locations. In April 2009, streamflow simulations for Isabel will serve as a test of this visualization effort. Simulation results will be linked with inundation maps which display the extent of inundation and water depth associated with the respective water level. The CI-FLOW nowCOAST web page will facilitate this visualization with clickable locations and then pop-ups of the inundation mapping along with education and engagement materials developed by CI-FLOW researchers and Sea Grant personnel to aid users. 
Initial discussions have occurred between OU Sea Grant, CI-FLOW program leaders, and Indiana-Illinois Sea Grant researchers to leverage the land use planning tools and extension model in place for municipalities in Indiana and Illinois (http://www.iisgcp.org/news/helm/HELMSpring08final.pdf). Using the water quality and quantity information which CI-FLOW will demonstrate, initial discussions indicate this model can be transferred to North Carolina Sea Grant extension and outreach specialists and research partners to aid in land use planning to create sustainable communities located and affected by coastal watersheds.  These initial discussions occurred in August 2008 at the Gulf of Mexico Extension, Outreach and Education (EOE) Workshop. Follow-on discussions to discuss possible implementation strategies for a demonstration will occur after streamflow simulations have been generated by the CI-FLOW coupled model ensemble in April 2009.   
Ongoing Efforts: Spatial Analysis Decision Tools

Discussions will continue with Indiana and Illinois Sea Grant and CI-FLOW partners including North and South Carolina Sea Grant to craft a project scope and plan to examine how their land use planning tools and extension model can be used in CI-FLOW 

Simulation of Landfalling Storm

OU Sea Grant, in collaboration with the NWS Warning Decision Training Branch (WDTB), has begun initial planning activities to develop a simulation by July 2009 of National Weather Service operational products and services for a tropical system affecting the Tar-Pamlico and Neuse River basins. The objective of this simulation is to provide information on the timeline, content, and origin of NOAA storm information and visual products during an actual storm event. This simulation will be a realistic view of current NOAA operations to use in outreach and engagement activities. This activity will bring together an interdisciplinary team of NOAA operational forecasters in weather and water services, researchers, extension and education experts from OU, North Carolina, and South Carolina Sea Grant and the Centers for Ocean Science Education Excellence (COSEE), Carolina NWS outreach personnel, and simulation and training experts from the NWS Warning Decision Training Branch. Funding for this activity is shared by OU Sea Grant and the NWS.   

Ongoing Efforts: Simulation of Landfalling Storm 

An advisory panel is being formed to help WDTB gather the information needed to assemble the simulation and to help with outreach to critical groups 

7) Linkage to Other Programs and Research Efforts
Sea Grant 

North Carolina, South Carolina, and Texas Sea Grant, in conjunction with the National Sea Grant Program Office at NOAA Headquarters, came together with NOAA OAR and NSSL management to begin the CI-FLOW project in 2000. These partners remain active in the program today. North Carolina and South Carolina Sea Grant continue to fund fundamental research conducted by CI-FLOW partners at North Carolina State University and the University of Oklahoma. The CI-FLOW project leadership at NSSL is co-chaired by the NSSL Deputy Director and the University of Oklahoma National Sea Grant Climate/Weather Extension Specialist. Funding for the University of Oklahoma Sea Grant Extension Specialist, as well as a graduate student conducting CI-FLOW research in QPE and river modeling, has been provided through a partnership with the University of Oklahoma Cooperative Institute of Mesoscale Meteorological Studies (CIMMS) and the National Sea Grant Program Office.

Ongoing Efforts: Sea Grant 



N/A 

NOAA in the Carolinas 
NOAA in the Carolinas (http://www.carolinas.noaa.gov/) is a grassroots OneNOAA effort that works across agency lines and disciplines to enhance NOAA's value to and impact on the region. NOAA in the Carolinas has been a critical advocate for the CI-FLOW project. The partners in NOAA in the Carolinas include the operational weather and water forecasting entities responsible for communities in the Tar-Pamlico and Neuse River basins as well as coastal communities along the Pamlico Sound. This advocacy role and partnership with NOAA in the Carolinas is facilitating communication and research efforts with inland and coastal NOAA entities to help in the assessment of CI-FLOW demonstration products initially focused on water quantity and quality at multiple locations in the coastal watershed and how these demonstration products can be visualized to increase their utility for Carolina customers. This consortium of research and operational entities will provide valuable information and critical insight on developing an accurate assessment of water quality and quantity simulations produced by the CI-FLOW using the coupled model system. By forming this consortium prior to the assessment phase, it is hoped the CI-FLOW demonstration products, infrastructure, and research inventory (e.g. how to couple coastal ocean to inland river models) will have a more efficient transition to the NOAA operational framework 


Ongoing Efforts: NOAA in the Carolinas 



N/A 

CERIS

The leadership of NOAA’s Integrated Water Resource Services (IWRS) convened a team consisting of representatives from NOS, NSSL, Office of Hydrology, NWS, and NMFS in December 2008 to create a vision and white paper outlining plans for a Coastal Estuary River Information System (CERIS).  Although the CI-FLOW project is currently focused on the Tar-Pamlico and Neuse River basins, initial CI-FLOW partners include South Carolina and Texas Sea Grant which have coastal watersheds which could serve as future CI-FLOW project areas. The CERIS program can serve as conduit to transition the CI-FLOW coupled model and visualization elements to other coastal watersheds as priority areas are established.  Currently, a CI-FLOW project manager serves on a NOAA team tasked with developing a vision for the emerging NOAA CERIS effort. 

Ongoing Efforts: CERIS



Finalize CERIS Vision Document 

IWRS PATT

NOAA’s Integrated Water Resource Services (IWRS) Priority Area Task Team (PATT) has four focus areas, one of which is CERIS/CI-FLOW. The four projects and their leads are: 1) 
Demonstrate NOAA IWRS in support of the National Integrated Drought Information System (NIDIS) – D. Brandon (Lead), Leverage NOAA Hydrometeorological Testbed capabilities for IWRS – M. Ralph (Lead), Collaborate with Water Quality Projects – P. Restrepo (Lead), 
Prepare plan for development and testing of the Coastal Estuary River Information System (CERIS) in North Carolina – K. Kelleher (Lead). In FY08, IWRS provided a match to SECART funding to facilitate efforts to bring NOAA nowCOAST into the CI-FLOW program to help CI-FLOW visualize its demonstration results for water quality and quantity produced by the coupled model ensemble. 


Ongoing Efforts: IWRS PATT



Continued coordination and quarterly reports

SECART

NOAA’s Southeast and Caribbean Regional Team (SECART) effort is complementary, not exclusionary, to the NOAA in the Carolinas organization. SECART provides guidance and information, facilitates dialogue and connections within region, and is an avenue for PPBES input involving region. NOAA in the Carolinas serves as an extramural connection to SECART. In FY08, SECART provided a match to IWRS funding to facilitate efforts to bring NOAA nowCOAST into the CI-FLOW program to help CI-FLOW visualize its demonstration results for water quality and quantity produced by the coupled model ensemble. 

Ongoing Efforts: SECART

Engage new SECART program liaison, Geno Olmi, on CI-FLOW project and progress 

IOOS and NOAA Storm Surge 
As a result of the CI-FLOW coastal ocean modeling component, members of CI-FLOW program leadership in late 2008 were invited and encouraged to participate on the NOAA Storm Surge Transition Team which is attempting to coordinate NOAA’s storm surge activities. CI-FLOW ADCIRC activities at the University of Oklahoma are receiving some IOOS funding as part of a collaboration between the University of Oklahoma, NSSL, and the University of North Carolina-Chapel Hill to support portions of their ADCIRC development and implementation tasks.  

Ongoing Efforts: IOOS and NOAA Storm Surge 


Participate in conference calls and provide input for planning documents 

HMT-SE

NOAA’s Hydrometerological Testbed (HMT) is a concept aimed at accelerating the infusion of new technologies, models, and scientific results from the research community into daily forecasting operations of the NWS and its River Forecast Centers (RFCs). HMT has been identified in the NWS Hydrology Science and Technology Implementation Plan (STIP) as a key new R&D approach for improving flood forecasts. Beginning in 2010, HMT efforts will be focused on the Carolinas. HMT-SE will leverage CI-FLOW research efforts with the idea that HMT funding will provide a foundation level of effort and infrastructure each year within the CI-FLOW project area. This foundation will be augmented by occasional ramping-up to more intensive operations that include additional participants and specialized instrumentation

 Ongoing Efforts: HMT-SE

The HMT Southeast Operational Needs & Requirements Workshop was held February 3-5, 2009, in Chapel Hill, NC. The focus was on operational needs in order to identify gaps in hydro-meteorological services and to inform requirements for HMT-SE. The workshop engaged primarily with the NWS and select stakeholders. CI-FLOW researchers will continue to serve on HMT-SE planning committees and work to strengthen the collaboration between these two research activities. 

Related and Pending Publications 

Xu, X., K. Howard, and* J. Zhang*, 2008: An automated radar technique for the identification of tropical precipitation. /J. Hydrometeorology/. Accepted.

Professional Conference Presentations

Bacon, Robert, Kevin Kelleher, Kenneth Howard, and Jonathan Gourley, 2002: Inland Flooding Observation and Warning (IFLOW) Project. Preprints, Solutions to Coastal Disasters Conference, San Diego, California. February 24-27.

Dodson, A.D., S. Van Cooten, K. Howard, J. Zhang, and X. Xu, 2008: Assessing Vertical Profiles of Reflectivity (VPR's) To Detect Extreme Rainfall: Implications for Flash Flood Monitoring and Prediction. Preprints, 22nd Conference on Hydrology, New Orleans, LA, Amer. Meteor. Soc., P3.4 [Available online http://ams.confex.com/ams/88Annual/techprogram/paper_135143.htm]

Kitzmiller, D.A. , F. Ding, Y. Zhang, D. Brewer, S. Van Cooten, K. Howard, C. Langston, J. Zhang, H. Moser, D. Moran, and D. Kim, 2009: A comparison of evolving multi-sensor precipitation estimation methods. Preprints, 23rd Conference on Hydrology, Phoenix, AZ, Amer. Meteor. Soc., 6B.1 [Available online http://ams.confex.com/ams/89annual/techprogram/paper_147255.htm]

Kitzmiller, D.A. , F. Ding, S. Van Cooten, K. Howard, C. Langston, J. Zhang, H. Moser, R. J. Kuligowski, D. Kim, Y. Zhang, and D. Riley, 2008: A comparison of evolving multi-sensor precipitation estimation methods based on impacts on flow prediction using a distributed hydrologic model. Preprints, 22nd Conference on Hydrology, New Orleans, LA, Amer. Meteor. Soc., P3.4 [Available online http://ams.confex.com/ams/88Annual/techprogram/paper_134451.htm]

Pietrafesa, L.J., and D.A. Dickey, 2000: Inland Flooding Due to Hurricanes Floyd and Dennis. Hurricane Floyd Conference, East Carolina University, Greenville, NC. [Available in Chapter 6 Recovery from Hurricane Floyd published by Carolina Press]

Pietrafesa, L., K. Kelleher, M. Peng, and S. Bao, 2006: A New Architecture For Coastal Inundation and Flood Warning Protection. Marine Technology Society Conference, Boston, MA., November. 

Vieux, B.E. J. Vieux, K. Kelleher, R. Bacon 2003: Development of the Inland Flood Observing and Warning (IFLOW) Project, Proceedings of the Association of State Flood Plain Managers Annual Conference, May 10 15, St. Louis, Missouri.

Press Articles and Project Profiles 
Coastal Services Magazine- Volume 11, Issue 6- November December 2008

[http://www.csc.noaa.gov/magazine/2008/06/issue.pdf]
September 2008- North Carolina Sea Grant Press Release [http://www.ncseagrant.org/home/about-ncsg/news-events?task=showArticle&id=13&category=news&limitstart=0]
July 2007- NSSL Hot Topic 
CI-FLOW Invited Program Briefings 

January 2009- Louisiana State University: The Coastal Sustainability Agenda (CSA) Grand Challenge Workshop: Grand Challenges in Coastal Resiliency I: Transforming Coastal Inundation Modeling to Public Security (http://www.research.lsu.edu/csa/grandchallenge/)

December 2008- University of Oklahoma Radar Research Retreat 

December 2008- CERIS vision team 

December 2008- NWS Office Of Hydrologic Development Senior Scientist at National Weather Center 

November 2008- NOAA Executive Oversight Group 

October 2008- NWS Western Region Development and Operations Hydrologist Conference 

October 2008- NOAA Atlantic Oceanographic and Meteorological Laboratory (AOML) 

September 2008- National Weather Center Director’s Forum

August 2008- HMT-SE Planning Committee

August 2008- Texas Sea Grant Coordination Visit 

July 2008- North Carolina Sea Grant Coordination Visit 

May 2008- NOAA Headquarters Brown Bag Seminar 

February 2008- NOAA In the Carolinas Annual Meeting 

February 2008- North Carolina Renaissance Computing Institute Staff 

November 2007- NOAA Science Advisory Board 

September 2007- NOAA/OAR Headquarters Sea Grant Seminar 

September 2007- South Carolina Sea Grant Coordination Visit 

September 2007- North Carolina Sea Grant Coordination Visit

March 2007- NOAA Weather and Water PPBES Goal Team Leads

February 2007 – NOAA in the Carolinas Annual Meeting 

October 2006- NOAA OAR Director’s Visit 
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