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Charter
Vision: The provision of real-time inundation maps will enhance community resiliency by enabling decision makers to make informed decisions to better mitigate the impact of floods.

Mission: Evaluate demonstration projects in which real-time inundation maps are currently being generated by the National Weather Service (NWS) and others.  NWS demonstration projects are currently being conducted on the Red River, St. Johns River, Tar River, and Susquehanna River Basins.  Assess the capabilities, limitations, and resources required for each of these projects/alternatives. Based on the response to the Request for Information (see attachment) and the evaluation of current mapping activities, recommend the approach (if any) most suitable for inclusion in real-time operations. Define what information should be provided and how, how the information will be depicted, the frequency with which the information should be generated, and the format(s) in which the information should be made available. 

Scope of Authority/Limitations:
· This team operates under the authority of the Director of the Office of Hydrologic Development, and the NOAA Hydrology Program Manager.

· Recommendations must be scientifically sound, efficient and cost effective. 

· Analyses must be objective and unbiased. 

· Past or current practices, and organizational allegiances among the team members, must not be allowed to influence either the evaluation or the recommendations.

· The team will consult with internal and external partners and customers as needed. 

· Consensus among team members, as agreed upon by the team, is required for a decision to be made or a recommendation to be adopted. In situations where the team can not achieve consensus, and a decision must be made to move the team’s activities forward, the NOAA Hydrology Program Manager will adjudicate the impasse.

· Travel expenses, if needed, will be covered by the NOAA Hydrology Program.

Success Criteria/Deliverables: The team will produce a final report consisting of HOSIP documentation through Stages 1, 2 and 3 required to implement the recommended solution.  The team leader will brief the team’s findings and recommendations to the NOAA Hydrology Program Manager.

Commencement & Termination Date: The team will be formed and commence activities by October 15, 2006 and deliver its final report and briefing by November 15, 2007

Team Membership: The team was composed of staff from the Office of Hydrologic Development (OHD), Office of Climate, Water and Weather Services (OCWWS), NOAA Coastal Services Center (CSC) and RFC field hydrologists. There were changes from the original members due to transfer of members to other offices. Members of the team follow:
MARFC              
Joe Ostrowski 

SERFC

Jonathan Atwell                                       

OCWWS

Tom Donaldson (*)

OCWWS

Doug Marcy (*)

OCWWS

Victor Hom

NCRFC              
John Halquist 

LMRFC             
David Welch

LMRFC

Dave Ramirez

OHD                   
Cecile Aschwanden

OHD                   
Graeme Aggett

OHD                   
Reggina Cabrera    (Team Leader)

(*) Doug Marcy originally was included by participating as an expert for team’s consultation; however, his participation increased with time. Tom Donaldson started with the team, but had to leave it due to his re-location.

B. HOSIP Documentation

	Statement of Need

	Submitter:
Reggina Cabrera
	Organization or Field Office:

Hydrology Science Modeling Branch 
	Date Submitted: 

03/27/2007

	Number:
New SON #: SON-2007-008 

Old #H07-008  SON-07-001

	HOSIP Date:  

03/27/2007


1. Title:

Project Title: “Real-Time (Dynamic) Inundation Mapping Evaluation”
2. Description:  
The National Weather Service (NWS) needs to develop a comprehensive and cost effective methodology for generating real-time inundation maps.  These maps will aid in the communication of NWS flood forecasting and water resource operations.  The provision of real-time inundation maps will enhance community resiliency by enabling water resource managers and decision makers to make informed decisions to better mitigate the impacts of flood related events. 

3 Justification: 

3.1
Linkages: 

The evaluation results will address the National Oceanic and Atmospheric Administration (NOAA) Goal 3, to “Serve Society’s Needs for Weather and Water Information.”  Enhanced hydraulic modeling capability will enable NWS forecasters to produce reliable forecasts and the need for inundation mapping has been determined to aid decision makers in flood prone areas.
3.2
Need Originator, Sponsor & Stakeholders 

Originator:
Hydrologic Science and Modeling Branch, Hydraulics Group

Sponsor:
Mid-Atlantic (MARFC), South-East (SERFC), and North Center (NCRFC) River Forecast Centers

Stakeholders:
All River Forecast Centers




Users of the RFC forecasts and informational services

4.  Existing capabilities and limitations related to the need: 
The NWS does not have a real-time inundation mapping capability in its water resources operations with the exception of the four pilots currently running in the Red River, St. Johns, Tar River and Susquehanna River Basins.  These pilot projects have been underway for sometime and are currently being used to test the implementation of inundation mapping using the existing National Weather Service River Forecast System (NWSRFS) hydraulic model FLDWAV.  Throughout the run of these pilot projects different methodologies have been used to generate the inundation maps.  However, no single or unified methodology has been proposed as a potential or best flood mapping solution that could be used nationwide.  A comprehensive and cost effective methodology to generate real-time inundation maps should be developed to meet the needs of the forecasters and support the NWS flood forecasting and water resource operations. 

An adequate evaluation of the different techniques used to display the forecast in a graphical manner is being proposed with the ultimate goal of finding and recommending the most efficient way of generating the inundation maps that currently are not available in NWS water resource and flood forecast operations.  This evaluation will consider the four NWS pilot projects and flood mapping methodologies; and flood mapping techniques developed by private organizations and other institutions to determine how those could be leveraged and considered for a potential solution that will benefit the NWS.   

5.      Benefits and Performance Impact: 
The provision of real-time inundation maps will enhance community resiliency by enabling decision makers to make informed decisions to better mitigate the impact of floods. This will consequentially aid in the protection of life and property.  Finally, the interagency coordination between the NWS and the other entities (such as the Federal Emergency Management Agency (FEMA, US Army Corps of Engineers (COE), United States Geological Survey (USGS), etc.) will be enhanced.

6.     Constraints

Since the future generation of inundation maps might include the work other agencies and/or companies, it is important to review what entities outside of the NWS can offer in terms of viable solution.  The recommendation might be to deliver an intermediate product to be finished by outside organizations.  Therefore, obtaining information as to what is available outside of the NWS is crucial to this evaluation. 

The reliance on information from other organizations or companies such as the response time on the Request for Information (RFI’s),  the amount of time it will take the OHD research team to review and evaluate the material once it is obtained are key factors in the successful completion of this project.
7.     Attachments:  
Example of the “Request for Information RFI” document that will be sent to non NWS entities is attached. 
8.    Resource Proposal for Stage 2

The HOSIP stage 2 documents, which will include the Research Plan, development of the evaluation concepts and approach will take approximately 80 hours and one Hydrologic Science Modeling Branch (HSMB) research scientist to complete.                          

9.     Appendices

Appendix A - Table of Acronyms

COE
Corps of Engineers


FLDWAV       Flood Wave Dynamic Model

HEC-RAS
Hydrologic Engineering Center-River Analysis System
HOSIP
Hydrologic Operations Services Improvement Process

HSMB
Hydrologic Science and Modeling Branch

LMRFC          Lower Mississippi River Forecast Center

MARFC          Mid-Atlantic River Forecast Center

NOAA
National Oceanic and Atmospheric Administration
NCRFC
North Central River Forecast Center

NWS
National Weather Service

NWSRFS
National Weather Service River Forecast System

OCWWS
Office of Climate, Water and Weather Services

OHD
Office of Hydrologic Development
OSIP
Operations Services Improvement Process

RFC
River Forecast Center
RFI                  Request for Information

SERFC
South East River Forecast Center

WFO
Weather Forecast Office

WGRFC
West Gulf River Forecast Center

10. Approval Section

	Proposed Service Theme Area
	Small Basin Fast Response Services (New – Graphical Dissemination)


	Primary Core Goal
	# 3 Improve flood forecast inundation maps



	Project Leader:
	Reggina Cabrera
	HOSIP Admin Analyst:
	Marylin Andre

	Gate 1 Approval
	Date:
	05/23/07

	Office Name
	Group Leader 
	Project Area Lead
	Branch Chief
	OHD Architecture
	OCWWS

	HSMB
	Reggina Cabrera
	
	Geoffrey Bonnin
	
	

	
	04/19/2007
	
	05/23/2007
	
	

	Dependencies:  
	Request for Information from non-NWS entities

	Funding Secured for Stage 2: 
 
	Yes.

 Graphical Dissemination

	Stage 2 Expected Start Date:
	05/23/2007
	Stage 2 Expected End Date:
	06/26/2007

	Gate 1 Review and Analysis Statement: “This section will be completed by the Gate 1 Review Committee and will define the disposition of the SON.  Possible definitions could be that the SON is approved and a project initiated, the SON is approved but no project is initiated at this time, and the SON is rejected.  In addition, if approved, the OHD Hydrology Laboratory Chief my designate the project as an End-to-End (E2E) Project.”

	


ATTACHMENT: Request for Information (RFI)

Sources and Information Sought: Traditionally the National Weather Service (NWS) provides forecasts of river stages on our Nation’s rivers and streams in textual format, or with graphics showing river heights versus time (hydrographs). To improve services to the people of the United States of America, the National Oceanic and Atmospheric Administration’s (NOAA) National Weather Service (NWS), Office of Hydrologic Development (OHD) and River Forecast Centers (RFCs) have developed prototype flood forecast maps using geo-processing software to produce GIS shape-files or images.  The shape-files or images display an expected flood extent based on forecast water surface profiles as simulated by the NWS hydraulic model FLDWAV. Deterministic or probabilistic based flood forecast files can be produced every 6 hours on a daily basis, several times per day. The spatial extent of the shape-files/images focuses on certain portions along selected rivers within the United States of America and its Territories where hydraulic modeling has been developed and the appropriate detailed topographic data is available.

The National Weather Service (NWS), Office of Hydrologic Development (OHD) seeks sources and information about how this new type of image based flood forecast showing flood extent could be brought to the general public in an efficient manner.  Submissions shall address one or several of the following salient topics:

1) Express a business interest in creating, storing and/or distributing flood forecast shape-files/images and/or in using flood forecast shape-files/images.

2) Provide (technical) information and sources regarding creation, storage and/or distribution of flood forecast shape-files/images and/or on potential uses of flood forecast shape-files/images.

3) Provide information on options for:

a. Nature of the shape-files/images delivered by the Government, whether it should be in interim or final display formats including whether the images should be pre-generated and stored or generated on the fly.

b. Whether or not the Government should provide shape-files/images to a third party who would then distribute to the public.

c. Scale and costs of infrastructure for these services

4) Interest in collaborations with the National Weather Service to publish flood forecast shape-files/images and/or to use flood forecast shape-files/images.

Vendors who believe that they can meet one or some of the requirements are required to submit in writing an affirmative response demonstrating they can meet the Government's requirements.  All written responses must include a written narrative statement of capability, including detailed (technical) information and other (technical) literature demonstrating the ability to meet the above requirements.  The response must be sufficient to permit agency analysis to establish a bona fide capability to meet the requirements.  Affirmative written responses must be received by January 31, 2007. This is not a request for proposal but rather a vehicle for obtaining information.  The Government will not incur any cost as a result of this announcement.
HOSIP RESEARCH PROJECT PLAN
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1. Identification

· “Real-Time (Dynamic) Inundation Mapping Evaluation”

· Project ID Number:  New: P-2007-008 – SON-2007-008

· Old Project ID: H-07-008

2. Abstract

The current techniques used by the National Weather Service (NWS) to display an inundation forecast is being evaluated in this proposal.  The ultimate goal of this project is to identify the different components  and recommend the most efficient way to produce real-time (dynamic) inundation maps within our NWS flood forecast operations, using current hydrologic and hydraulic conditions.  This project will include: the review of four (4) pilot projects currently in operations and producing real-time (dynamic) flood inundation maps.  It will also gather and evaluate information on flood mapping techniques and methodologies used by private organizations and other institutions.  The purpose of this evaluation is to determine how the latter could be leveraged and considered for a potential solution that will benefit the NWS.   
3. Introduction

The NWS field Offices, currently produce two types of maps at selected locations: static and dynamic maps.  The static maps provide a graphical representation of  flood inundation for NWS flood categories and are based on steady state hydraulic modeling of water surface elevations for incremented discharges. The maps are used as a planning reference tool and they show approximate inundation areas for given water surface elevation.  An example of a static map can be viewed in the web at: 

http://newweb.erh.noaa.gov/ahps2/inundation/inundation.php?wfo=rah&gage=gldn7&view=1,1,1,1,1,1,1,1&toggles=10,7,8,2,9,15,6 . 

The real-time (dynamic) map, which is being addressed in this project, corresponds to maps generated during operational forecast activities; and  are based on real-time conditions and forecasted water levels. 

The National Oceanic, Atmospheric Administration NOAA/NWS needs to develop a comprehensive and cost effective methodology for generating real-time inundation maps.  These maps can assist the NWS extend our forecast abilities beyond a stage forecast for a given point on a map and allow our customers to better understand the extent of the forecast water surface area and elevation profiles for forecast reach.  In essence, this project will explore the possibilities and our abilities to perform a reach forecast.  The main focus of real-time inundation maps will be to enhance community resiliency by enabling water resource managers and decision makers to make informed decisions and better mitigate the impacts of flood related events, in real time. 
4. Problem Description

Currently the NWS does not have a real-time inundation mapping capability in its water resources operations with the exception of the four pilots currently running in the Red River, St. Johns, Tar River and Susquehanna River Basins.  These pilot projects have been underway for sometime and are currently being used to test the implementation of inundation mapping using the existing National Weather Service River Forecast System (NWSRFS) hydraulic model FLDWAV.  Throughout the run of these pilot projects different methodologies have been used to generate the inundation maps.  However, no single or unified methodology has been proposed as a potential or best flood mapping solution that could be used nationwide.  In addition, there has not been any assessment of these projects.  A comprehensive and cost effective method  to generate real-time inundation maps should be developed to enhance NWS flood forecasting and water resource operations.

An   evaluation of the different techniques used to produce and display the forecast in a graphical manner is being proposed.  The ultimate goal is to identify the components and recommend the most efficient way of generating flood-mapping products that are needed to support the NWS flood forecast operations.  This project will consider the Real-time inundation maps that are being generated via NWS pilot projects conducted on the Red River, St. Johns River, Tar River, and Susquehanna River Basins   In addition to the four NWS pilot projects and flood mapping methodologies that are under evaluation at the four NWS pilot project, the project team will also review other methodologies and/or techniques developed by private organizations and institutions.  

During the evaluation, different components related to mapping, such as models to be used, data formats, geographical data availability and resolution, selection of software, availability and support for internet servers, operational needs and feasibility to generate real-time maps and the methodology to adopt will be considered.  These include, at a minimum: what information should be provided and how; how the information will be depicted; the frequency with which the information should be generated; and the format(s) in which the information should be made available. 

Ultimately, the goal of this study is to find and recommend the most efficient way of generating the products that are needed to enhance the NWS water resource and flood forecast operations.  It is important to notice that   dynamic inundation maps will not be generated for all forecast sites but will be for those locations, where the needs for mapping have been established. 

5. Literature Review

National Weather Service pilot projects for inundation are:

Prototype project for the Susquehanna River, Pennsylvania (PA) – Overseen by Mid-Atlantic River Forecast Center (MARFC)

Demonstration project for the Red River, Minnesota (MN) – Only forecast provided by North Central River Forecast (NCRFC)

Prototype project for the St. Johns River, Florida (FL) – Overseen by South-East River Forecast (SERFC)

Prototype project for the Tar River, North Carolina (NC) – Overseen by (SERFC)

RFI responses were received by 22 external agencies. These are listed below:

	1. Pro West & Associates

2. Halcrow

3. GIT

4. ERT

	5. PAR

6. In Sequence

7. EMI

	8. NVision

9. Geoelement

10. NewFields



	11. RTI

12. ZedaSoft Inc.

13. Applied Geosolution

	14. GIS Dynamics

15. GENWEST Systems

16. Applied Science 

	17. Tellus

18. Watershed Concepts

19. ARCBridge



	20. Houston Engineer

21. Allied GIS

22. CSSS.Net


6. Approach

The goal of this project is to identify the components for flood mapping and to recommend the most suitable approach for generating inundation maps for inclusion in NWS real-time flood forecasting operations.  This project will be based on reviews and analysis of the NWS pilot projects in which real-time inundation are currently being generated; and information on flood mapping methodologies that are developed by independent organizations and private companies.  

A team consisting of Office of Hydrologic Development (OHD), River Forecast Centers (RFCs), and Office of Climate, Water and Weather Services (OCWWS) members, will be established and the team members will examine the four pilot projects in which real-time inundation maps are currently being generated. These four locations are: the Red River, St. Johns River, Tar River, and Susquehanna River Basins.  RFC forecasters who have been running these pilot projects will also participate in the evaluation by providing crucial information to the project team about lessons learned on their area of coverage.  In addition, flood-mapping methodologies provided by independent organizations will be included in the overall analysis of the methodologies.   A request for information (RFI) document will be posted in the Federal Business web page that will facilitate the collection of information from outside companies.  The purpose of that document is to seek sources and information pertaining to how a shape-file image, based flood forecast showing flood extent could be brought to the general public in an efficient manner.  

The approach will be as follows:

a. The team will begin the evaluation by identifying the current status of the pilot projects (PPs).   Tables with information about the software used, resolution, verification methods, etc. will be requested from each field office involved in the pilot projects. The information obtained from the RFC will be analyzed to determine the capabilities and limitations of each of the methodologies in use.  Some of the factors that will be considered include: the length of time the pilot has been running; the efficiency of the methods and the techniques used; resources required; the operational feasibility of real-time inundation maps generated at the pilot location; and the benefits and or limitations of the methodologies at the particular site. 
b. Given the desirability of obtaining alternative sources to produce inundation maps, the Request For Information (RFI) from outside companies will be crucial to the success of this project.  This information will provide additional insight to the team as it will weigh in on the final recommendation. The information provided by the companies should address one or several of the following topics:

1) Express a business interest in creating, storing and/or distributing flood forecast shape-files/images and/or in using flood forecast shape-files/images.

2) Provide (technical) information and sources regarding creation, storage and/or distribution of flood forecast shape-files/images and/or on potential uses of flood forecast shape-files/images.

3) Provide information on options for:

· Nature of the shape-files/images delivered by the Government, whether it should be in interim or final display formats including whether the images should be pre-generated and stored or generated on the fly.

· Whether or not the Government should provide shape-files/images to a third party who would then distribute to the public.

· Scale and costs of infrastructure for these services

4) Interest in collaborations with the National Weather Service to publish flood forecast shape-files/images and/or to use flood forecast shape-files/images.

c. The team will define the strategy for analyzing the lessons learned from the PPs and responses obtained from the Request for Information Responses (RFIRs) as these items will serve as the basis for the comparison and evaluation. 

d. The analysis, on the current status, including lessons learned from the NWS PPs, will be evaluated first followed by the evaluation of the RFIRs.  Based on information obtained from the RFIRs and the evaluation of current NWS mapping activities, the approach or methodology (if any) most suitable for inclusion in real-time operations will be recommended.  The final selection by the team should contain the following information: 

· Identification of the users that are being targeted in the mapping

· Map description details, which should include e.g., peak water levels, depth of water, etc. 

· Suggested methodologies for producing the maps.

· Gaps identified on any of the information obtained that prevent a recommendation

· The frequency at which the information depicted should be generated

· Method for disseminating the maps 

· The format(s) and resolution in which these maps should be made available 

e. The information for each of the items that will be assessed will be submitted to the team members. After a discussion and consensus on selected recommendations, members of the team will write a draft report.  This draft will then be submitted to all the team members for their review and comments.  After addressing review comments, the final report will be submitted to the Office of Hydrologic Development Management for review.  The HOSIP Gate 3 will be held pending HSMB Chief’s decision.  

7.  Critical Success Factors

	No.
	Critical Success Factors

	1
	Assessment of the current mapping pilot projects to determine if there is any value or benefit in continuing with the pilots 

	2
	Definition of targeted users for which inundation maps would be produced

	3
	Information and details obtained from external sources will be sufficient for carrying out the evaluation and/or as possible candidates to be considered for recommendation.

	4
	Recommendation on the methodology judged as most feasible to generate maps and is compatible with the current NWS operational constraints

	5
	Interaction with the different teams working on issues related to inundation mapping and identifying users flood mapping requirements.


8. Timetable/Milestones

	Stage 3 – Research and Analysis
	Start & End Dates

	Complete Literature Review
	10/01/2006 – On-going

	Initiation of project and preliminary discussions                                 
	11/01/2006 – 

	Request feedback on current status of four pilot projects                               
	11/15/2006 –  

	Prepare RFI document to be posted in Federal Business                         
	12/2006 – 

	Create summary tables with current status                           
	01/2007 – 

	Draft Strategy for review
	02/2007 – 

	Collect responses from RFI
	02/2007 – 

	Start FLDVIEW Review
	03/01/2007 – 

	Define the RFIR Evaluation Form and distribute the RFIRs to team members 
	03/15/2007 – 03/30/2007



	Collect the feedback on the items to be considered for evaluation of whole project.
	04/01/2007 – 05/31/2007



	Team member discussion and analysis of the different information
	06/01/2007 – 06/15/2007

	Continuation of discussion as needed and to accommodate team members not able to participate in prior session  
	06/15/2007 – 07/15/2007



	Discussion of items to include in report
	07/16/2007 – 08/31/2007

	Compare RFIs evaluations and current NWS methodologies
	09/04/2007 – 10/15/2007

	Writing final report 
	10/15/2007 – 11/15/2007

	Finish report and make presentation to OHD and field offices
	11/30/2007

	HOSIP Gate 3 preparations and presentation

HOSIP Gate 3 Decision
	TBD

Δ mm/dd/yyyy



9. Budget/Roles and Responsibilities

	Role/Name
	Responsibility
	Hours
	Dollars ($)

	Stage 2 - Concept Exploration and Definition

	HSMB, Hydraulics Group Leader, Reggina Cabrera


	Provides overall guidance for the evaluation and coordinates activities among the different participants  


	100

	$11,538



	HOSIP Admin – Marylin Andre


	Perform review and QA of project documentation and coordinate HOSIP stage activities.


	20


	$1,700.



	
	Total
	120
	$13,238.

	Stage 3 - Research & Analysis

	HSMB, Hydraulics Group Leader, Reggina Cabrera
	Provides overall guidance for the evaluation and coordinates activities among the different participants. Task lead in developing draft report on evaluation.
	260


	$29,000.



	Graeme Aggett

OHD/HSMB/Hydraulics Group contractor 
	Research and Evaluation participant. Participates in developing draft report on evaluation.
	85
	$9,180.



	Cecile Ashwanden

OHD/HSMB/Hydraulics Group contractor
	Research and Evaluation participant. Participates in developing draft report on evaluation.
	200
	$17,000.



	Jonathan Atwell

Southeast  RFC
	Research and Evaluation participant. Reviews report on evaluation.
	200
	$21,600.



	John Halquist 

North Central RFC
	Research and Evaluation participant. Reviews report on evaluation.
	200
	$21,600.



	Doug Marcy

Office of Climate Weather and Water
	Consultant for this project, limited participation 
	100
	$8540.



	Joseph Ostrowski

Mid Atlantic  RFC
	Research and Evaluation participant. Reviews report on evaluation.
	200
	$21,600.



	Dave Welch

Lower Mississippi RFC
	Research and Evaluation participant. Reviews report on evaluation.
	200
	$21,600.



	HOSIP Analyst
	Performs review and QA of project documentation and coordinate HOSIP stage activities.


	20


	$1,700.



	Geoffrey Bonnin, HSMB Chief
	Provides project oversight and reviews evaluation documents prior to gate review.


	8


	$920.



	Pedro Restrepo, OHD Senior Scientist 
	Reviews final documents and approves project at HOSIP Gate 3.
	8


	$920.

	
	
	
	

	
	Total
	1481
	$153,660.

	Stage 4 - Execution

	Does not Apply to this project
	
	
	

	
	Total
	
	


10. Assumptions and Constraints

	Assumptions and Constraints

	1
	Project must be completed by the end of first quarter of FY-08

	2
	All resources needed to begin the evaluation, research and analysis will be made available

	3
	Non NOAA/NWS agencies and/or companies and vendors will be willing to work with OHD to provide the Request for Information (RFI’s) and other material pertaining to flood mapping.  

	4
	RFC’s involved in Pilots must be willing to work with the HSMB River Mechanics team and allocate time to document their findings and results of their pilot.  

	5
	RFC locations running flood mapping pilots must be able to provide information that is adequate to support the project goals. 


11. Risk Assessment and Mitigation

	No.
	Risk
	Mitigation Action

	1
	Not enough information on what firms outside the NWS could provide
	Follow up with the vendors for details.

	2
	Pilot Projects have not being in place long enough to determine how effective they are.
	Continue evaluation of procedures after the report is finished. 

	3
	Team members moving to other areas 
	Recruit new members and bring them up to speed as fast as possible

	4
	Team members from the field might have operational priorities and will not be able to participate in the evaluation.  
	Work with the other team members until the rest of them is available.

	5
	Project might not be completed on time due to resources being tied up on other duties.
	Time extension will be requested


APPENDICES

Appendix A – Table of Acronyms

	AWIPS
	Advanced Weather Interactive Processing System

	GUI
	Graphical User Interface

	HOSIP
	Hydrologic Operations and Service Improvement Process

	HSMB
	Hydrologic Science and Modeling Branch

	FLDWAV
	Flood Wave Dynamic Model

	MARFC
	Mid-Atlantic River Forecast Center

	NCRFC
	North Central River Forecast Center

	NOAA
	National Oceanic and Atmospheric Administration

	NWS
	National Weather Service

	NWSRFS
	National Weather Service River Forecast System

	OCWWS
	Office of Climate, Water and Weather Services

	OHD
	Office of Hydrologic Development

	PP(s)
	Pilot Project(s)

	QA
	Quality Assurance

	RFC (s)
	River Forecast Center(s)

	RFI
	Request for Information

	RFIR(s)
	Request for Information Response(s)

	SERFC
	South East River Forecast Center

	SON
	Statement of Need

	WFO (s)
	Weather Forecast Offices

	XML
	Extensible Markup Language
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Appendix C – Attachments

TEAM CHARTER

Real-Time Inundation Mapping Evaluation (R-TIME) Team

Vision: The provision of real-time inundation maps will enhance community resiliency by enabling decision makers to make informed decisions to better mitigate the impact of floods.

Mission: Evaluate demonstration projects in which real-time inundation maps are currently being generated by the National Weather Service (NWS) and others.  NWS demonstration projects are currently being conducted on the Red River, St. Johns River, Tar River, and Susquehanna River Basins.  Assess the capabilities, limitations, and resources required for each of these projects/alternatives. Based on the response to the Request for Information (see attachment) and the evaluation of current mapping activities, recommend the approach (if any) most suitable for inclusion in real-time operations. Define what information should be provided and how, how the information will be depicted, the frequency with which the information should be generated, and the format(s) in which the information should be made available. 

Scope of Authority/Limitations:
· This team operates under the authority of the Director of the Office of Hydrologic Development, and the NOAA Hydrology Program Manager.

· Recommendations must be scientifically sound, efficient and cost effective. 

· Analyses must be objective and unbiased. 

· Past or current practices, and organizational allegiances among the team members, must not be allowed to influence either the evaluation or the recommendations.

· The team will consult with internal and external partners and customers as needed. 

· Consensus among team members, as agreed upon by the team, is required for a decision to be made or a recommendation to be adopted.  In situations where the team can not achieve consensus, and a decision must be made to move the team’s activities forward, the NOAA Hydrology Program Manager will adjudicate the impasse.

· Travel expenses, if needed, will be covered by the NOAA Hydrology Program.

Success Criteria/

Deliverables:

· The team will produce a final report consisting of HOSIP/OSIP documentation through Stages 1, 2 and 3 required to implement the recommended solution.  The team leader will brief the team’s findings and recommendations to the NOAA Hydrology Program Manager.

Commencement & Termination Date: 

· The team will be formed and commence activities by October 15, 2006 and deliver its final report and briefing by November 30, 2007

Suggested Team Members:

MARFC               Joe Ostrowski 

SERFC                 Jonathan Atwell                                       

OCWWS             Doug Marcy 

OCWWS             Tom Donaldson 1
OCWWS             Victor Hom 2
NCRFC                John Halquist 

LMRFC               David Welch/Dave Ramirez 3
OHD                    Cecile Aschwanden

OHD                    Albert Momo

OHD                    Graeme Aggett 4
OHD                     Reggina Cabrera    (Team Leader)  

1  Member changed duties

2   New member started on 08/22/07
3 New members replacing Tom Donaldson
4 New member replacing Albert Momo
C. Topographic Information

C.1. Resolution versus Accuracy

Data accuracy and uncertainty

Data accuracy is a statement of how closely a bit of data, or in this case an elevation grid cell, represents the real world. It applies to geographical information in all these ways: 

· What features have been omitted? 

· What non-existent features are represented? 

· How correct is their classification? 

· How current is the data? 

· How far away is a map feature from its actual location in the world? 

This last, or 'locational' accuracy, is of interest here, and is generally stated in terms of uncertainty. Locational accuracy includes: 

· Absolute accuracy: How close is the location on the map or data representation to its real location on the earth. For example, '95% of the raw LIDAR elevation points are within 26 centimeters of their surveyed locations'. 

· Relative accuracy: How similar is a shape on the map or data representation to the shape of the object on the earth. For example, river/stream lines do not vary by more than 1 meter from their actual shape. 

These are separated because a map object may have a very accurate shape, but not be registered (located) correctly. 

A rigorous statement of accuracy will include statistical measures of uncertainty and variation, as well as how and when the information was collected. Spatial data accuracy is independent of map scale and display scale, and should be stated in ground measurement units. 

Data precision

Data precision is the smallest difference between adjacent positions that can be recorded and stored. Most GIS store locations in ground units (e.g. UTM coordinates, or Longitude/Latitude) with a precision of a meter, centimeter or less…often noted in the number of significant figures of the coordinates. 

Data resolution

Resolution is the degree to which closely related entities can be discriminated. Since a paper map is always the same size, its data resolution is tied to its scale. Resolution also limits the minimum size of feature that can be stored.

Generally, a line cannot be drawn much narrower than about 1/2 a millimeter. Therefore, on a 1:20,000 scale paper map, the minimum distance that can be represented (resolution) is about 10 meters. On a 1:250,000 scale paper map, the resolution is 125 meters. 

Usually, it is desirable to specify the resolution of a dataset as a minimum feature size. For example, 'no flood areas less than the resolution of the DEM (ex. 10m, or 3m) should be captured'. In a GIS, this is the most important reason for having the same data represented at different 'scales'. 

Raster data resolution

Raster data or grids, such as a DEM are stored as (usually square) pixels, which form a grid or mesh over an area of the earth. The size of these pixels determines the resolution of the DEM, because it is impossible to store anything that falls 'between' the pixels. A GIS allows raster pixels to be any size, although they should not be smaller than the uncertainty of the data. 

If a raster coverage is derived from vector linework, its pixels should not be smaller than the uncertainty in the linework. If it comes from an air-photo or satellite image or raw LIDAR points, its pixels should not be smaller than the resolution of the original data (for example a 5m point spacing LIDAR dataset should only be processed into a 5m DEM at best. 

C.1.1 Horizontal Resolution
When referring to DEMs, horizontal resolution pertains to the size of the individual grid cells that make up the DEM.  For that cell all elevation values are averaged together to produce one numerical value.  That value represents the elevation for the grid cell area.  Obviously the larger the grid cell, the more averaging is needed and the more assumptions are made.  For example, if a large cell is in an area with significant relief change, one value may not capture the variability in elevation values.  Thus, the smaller the grid cells in the DEM, the higher the horizontal resolution, and the less averaging of values is needed.  When it comes to inundation maps that are based on DEM values, because of the way the maps are created the coarseness of the DEM determines the coarseness of the maps.  Inundation maps are created by subtracting water surface elevations from the DEM.  The result is a grid that contains water depth values.  These values can then be used in a GIS to produce inundation polygons.  Cells with positive water depths will be wet and cells with negative water depths will be dry.  The raster water depth grid is converted to a polygon shapefile that shows the inundation area based on these values.  When subtracting the grids with different horizontal resolutions, the output depth grid can only be as high a resolution as the coarsest input grid.  So if the DEM is 10m but the water surface grid is 5m, the depth grid will have to be 10m and the resulting polygon shapefile will be based on a 10m grid.  That is why it is critical to have high enough resolution DEMs to begin with to enable a smooth inundation map.

The final scale of the desired maps has a large effect on the needed input DEMs.  An entire river basin study would need a coarser DEM due to processing time in the GIS.  The resulting map at the river basin scale would be adequate at a smaller scale, but not when zoomed in.  Conversely, a small stream reach study would need a higher resolution DEM so that the resulting map was smoother when zoomed into a larger scale.  

C.1.2 Vertical Accuracy

The vertical accuracy of a DEM is determined by the vertical accuracy of the data used to derive it.  The USGS states that the average vertical accuracy of the NED (National Elevation Dataset) 30m DEMs is 7m throughout the US.  It is better in some locations than others, but generally this is the number used.  In some cases the 10m USGS DEMs have a higher vertical resolution, but it depends on how they were derived (resampled 30m DEMs or newer elevation data used).  The user of these various DEMs needs to consult the metadata files that accompany the data when downloaded to determine the vertical accuracy of the data.  In the case of the North Carolina LIDAR data, the vertical accuracy of the raw LIDAR data was calculated to be 26cm RMSE (root mean square error).  This means that 95% of the points had a vertical accuracy of at least 26cm, enabling the creation of at best 2ft contours.  National map accuracy standards, as established by the USGS, state that elevation contours derived from elevation data are twice the vertical accuracy.  This accuracy relationship plays a significant role in inundation mapping, because the mapping interval of water surface elevations cannot be any finer than the contour interval allowed by the vertical accuracy of the DEM data.  For example, the State of North Carolina produced inundation map libraries of water surface elevations at every ½ foot.  This goes above and beyond the accuracy limits of the DEM data used to create the maps. At best the interval should have been only every 2ft; 1ft intervals would be stretching it.  So when considering what mapping interval to use for real-time inundation mapping, the vertical accuracy of the DEM should be consulted and used as a guide.  LIDAR derived DEMs should also have associated metadata with it that lets the user know what the vertical accuracy is.  

C.2 Digital Terrain Data and Processing

One of the fundamental data elements for successful inundation mapping is digital terrain or digital elevation model (DEM) data.  DEMs are digital representations of the earth surface, usually in the form of grid cells with elevation values at various horizontal resolutions and vertical accuracy, depending on quality and accuracy of the raw elevation data that was used to derive the DEMs.  Many sources of DEMs exist today.  The most commonly used dataset in the past has been the USGS National Elevation Dataset (NED).  

This is partly because in many cases the NED was the only DEM available for certain areas, and partly because it is available for the all of the lower 48 contiguous states.  NED DEMs can be easily downloaded from the USGS seamless (www.seamless.usgs.gov) website and are available in 1 arc second (30m), 1/3 arc second (10m) and 1/9 arc second (3m) resolutions.  Currently the 30m DEMs are the only ones available everywhere, with the 10m product becoming more prevalent.  The raw elevation data that were used to derive these products were contour lines and spot elevations from 7.5 minutes USGS quadrangles.  In some cases better elevation data was used to produce the 10m product and in some cases the 10m product is only a resample from the 30m DEM and offers no better vertical accuracy, even though the horizontal resolution is higher (see resolution vs. accuracy discussion above). A study was conducted at OHD in 2003 of the 8-2-93 flood in St. Charles (Missouri river) using FLDVIEW and different DEM resolutions. The report compares the effects of a 3m, 10m or 30m DEM on the computed inundation extent. Please refer to Appendix F. Paper on St. Charles Flood Map Analysis for detailed results.

Technologies such as airborne LIDAR (Light Detection and Ranging) have made it possible to collect higher resolution, and more accurate raw elevation data points that can be used to derive much higher horizontally and vertically accurate DEMs.  In many areas, local, regional, state, or federal entities have collected LIDAR data. Often LIDAR data have been made available for free download, or through signed agreements and use policies.  DEMs created from LIDAR data can be much higher in horizontal and vertical accuracy.  For example, the LIDAR data collected by the State of North Carolina was used to create statewide DEMs at both 50ft and 20ft.  Vertical accuracy of the raw LIDAR was approximately 1.5-2.0ft.  These maps may allow for much higher resolution inundation maps and potentially less topographic error in mapping water surfaces correctly (errors may still result from other sources such as incorrect flow data).  Raw LIDAR data contains elevation values for all surface features on the earth, including trees, buildings, etc.  Post processing of the LIDAR data (usually done by the collecting contractor at request by the customer) involves removing the first returns (tree canopy, and buildings) and providing what is called a “bare earth” surface.  The accuracy of the final “bare earth” product is highly dependent on the processing algorithm used to remove the above-mentioned noise.  For hydraulic modeling and mapping, this is the surface that needs to be used for modeling water flow.  Processing terrain data can be done in a GIS using three-dimensional analyses such as creating Triangular Irregular Networks (TINs) of the raw LIDAR data and converting it to a raster DEM.  This is usually the preferred method and the one used by the North Carolina Data.  In addition to providing the raw LIDAR bare earth points, mapping contractors often provide break lines that outline features that will prevent a surface from crossing (e.g. the banks of a river) when the TINning process is done.  The GIS will not interpolate across the break line boundaries.  The break lines usually have elevation values associated with them and are used to “burn in” features to the DEM such as bridges, roads, etc. This process is called hydro-conditioning of a DEM.

A general rule of thumb for hydraulic modeling and inundation mapping is to always use the best available DEMs.  In some cases only the 30m DEMS from the USGS are available, however as stated in the St. Charles report, this might be sufficient depending on the final scale of the mapping product or the type of terrain the river reach flows through (flat versus hilly). Each situation must be looked at separately and evaluated carefully.

C.3 Map and Display Scale

Map scale specifies the amount of reduction between the real world and its graphic representation in a map. It is usually expressed as a ratio (e.g. 1:20,000), or equivalence (e.g. 1 inch = 2000 ft). Since a paper map is always the same size, its scale is fixed when it is printed, and cannot change. 

However, a map in a GIS can be shrunk or enlarged at will on the screen or on paper. You can zoom in until the screen displays a square foot or less, or zoom out until the screen displays all of the United States. This means that geographic data in a GIS and Internet Map Server viewers do not really have a fixed 'map scale'. 

Display scale

The display scale of a map is the scale at which it 'looks right'. Because a paper map is created at a certain scale, its 'map scale' and 'display scale' are the same. The display scale influences two things about a map: 

· The amount of detail. The map must not be overwhelmed with detail, and become too crowded. 

· The size and placement of text and symbols. These must be sized to be readable at the display scale, and placed so that they do not overlap each other. 

If you put a 1:20,000 scale paper map on a reducing photocopier, you can make it into a 1:100,000 map (e.g. reduce it by a factor of 5). However, areas of detail will be merged into big black blobs, and most of the text on the map will be too small to read. 

With this in mind, a GIS map's annotation (e.g. text and symbols) must be designed with a display scale, just like a paper map. There is a range of scale in which it will 'look right', even though it is possible to display it at other scales with the GIS software.

Display scale is important and needs to be determined for providing data via IMS viewers on the web.  Too much detail when zoomed out to smaller scale can occur if layers are not automatically turned off.  Scale dependent layers are a must when setting up an IMS viewer that enables the user to zoom in and out to different display scales.  Refer to the Methods and Standards for National Weather Service Flood Severity Inundation Maps for recommendations on map scales appropriate for inundation mapping.

C.4 Horizontal and Vertical Datums

FEMA states the following guidelines for horizontal and vertical datums in their “Guidelines and Specifications for Flood Hazard Mapping Partners. Appendix L: Guidance for Preparing Draft Digital Data and DFIRM Database”: “The assigned Mapping Partner shall compile all horizontal information on either the North American Datum of 1927 (NAD27) (Clarke 1866 ellipsoid) or North American Datum of 1983 (NAD83) (Geodetic Reference System 1980 --GRS 80 ellipsoid or revisions thereof). However, it is critical that horizontal datums not be mixed within a Flood Map Project.” And “The assigned Mapping Partner shall reference all vertical information to either the National Geodetic Vertical Datum of 1929 (NGVD29) or the North American Vertical Datum of 1988 (NAVD88). However, the Mapping Partner must not mix vertical datums within a Flood Map Project.”

The USGS is currently in the process of converting all USGS gage datums to NAVD88 and thus the NWS river forecasts and maps should comply with this newer datum. However, in areas where this conversion has not been completed the use of the NGVD29 datum for an entire river reach may be permissible. A similar policy should be adopted for the horizontal datum. NWS inundation mapping should be using the NAD83 horizontal datum where available, however if only data in NAD27 exists, the use of the older datum might be permissible if applied for an entire reach and no mixing of datums occurs.
C.5 Inventory of Digital Elevation Models (DEMs)

The following descriptions(*1) of tasks outlines what needs to be done for all the NWS forecast locations to assess available suitable elevation data (DEMs) and suitable hydraulic model data. Perform an assessment to develop an inventory of existing, best available topographic and engineering data for NWS river forecast points throughout the country. In addition, because the DEMs are continuously being updated, whenever a project is under consideration a review of updates in the DEMs should be conducted. The inventory should include the following:


Best available topographic data includes federal, state or local (county or municipality) sources including the (USGS NED http://ned.usgs.gov/, and the National Digital Elevation Program http://www.ndep.gov/). Sources should include FEMA NFIP Map Mod existing cooperating technical partners and where FEMA Map Mod will go in the future (FEMA Multi-Year Flood Hazards Identification Plan (http://www.fema.gov/plan/prevent/fhm/mh_what.shtm). Minimum data standards should be used based on those outlined in “Methods and Standards for National Weather Service Flood Severity Inundation Maps” 

Best available engineering data (cross-sections, previous flood insurance studies, hydraulic structure data). The FEMA Depot and MIP (Mapping Information Platform… https://hazards.fema.gov/femaportal/wps/portal) should be used to locate existing flood insurance data resources, including model data in HEC-RAS or older HEC-2 formats and other FEMA acceptable hydraulic model formats (http://www.fema.gov/plan/prevent/fhm/en_hydra.shtm) 

(*1) Borrowed from a statement of work written for a contractor (Watershed Concepts) to perform a topographic and engineering inventory.

D. Paper on St. Charles Flood Map Analysis

St. Charles Flood Map Analysis

Preparations

In order to compare the computed flood with the actual flood the actual flood extent was digitized using an ortho photograph of the 8-2-93 flood in St. Charles on the Missouri river by comparing it to an ortho photo of the smaller 7-23-93 flood.

Originally three maps were generated using a 3m, 10m and 30m Digital Elevation Model, short DEM.

3m DEM Map versus Actual Flood Extent of 1993 Flood (Visual Analysis)

The left side of the bank matches the actual flood almost completely. There are some discrepancies around the quarry. In general the flood follows the 450 feet contour line (probably around 449 feet) whereas the computed water level appears to be around 447 feet.

On the right side of the river in the northern part of the map (north of the bridge) the computed flood extent goes beyond the actual flood extent. The actual flood was held back by a levee (estimated elevation is 450 feet) where there was one or came to a halt due to natural obstacles at an elevation of 449 feet.
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In the pictures the actual flood is displayed in light blue and the computed flood with dark blue dots.

In the southern part of the map along the right side of the river (south of the bridge) the computed flood at first follows the levee and matches with the actual flood.
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A bit north of the Creve Coeur the computed flood stops following the actual flood. It seems to follow the length of the cross sections drawn in brown.
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3m DEM Map versus 10m DEM Map and 30m DEM Map (visual analysis)
The left side of the bank along the river is almost identical for both DEMs. One exception, in the area around “Sacred Heart Academy” the 3m DEM differs by 1 foot (0.3048m) at most from the 30m DEM over a length of 142.11 feet (43.32m), meaning the 3m DEM reflects the actual flood better than the 30m DEM. Another exception is around “Kister Park.” Over a length of 113.24 feet (34.52m) at a maximum with of 2.96 feet (0.9m) the 3m DEM is closer to the actual flood extent than the 30m DEM. A bit further south is another discrepancy located where the 3m DEM differs from the 30m DEM at a maximum of 4.24 feet (1.29m) over a length of 35.59 feet (10.85m). Also see the picture below for another small discrepancy within the same vicinity:

[image: image45.png]



Green represents the 3m DEM, red with vertical stripes the 30m DEM and blue the actual flood extent. At this one spot the red 30m DEM even represents the actual flood better than the 3m DEM.
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In the area near the boat ramp the computed flood extent in both cases (3m and 30m) actually exceeds the actual flood extent displayed in blue with horizontal stripes.

It can be said that in the case of St. Charles the differences between the computed flood extent using the 10m DEM and the computed flood extent using the 30m DEM are negligible. The difference between the two shape files varies from less than 1/3 of a foot to approximately 2 feet at most over a length of 137.50 feet. In general, these minor discrepancies occur where the flood border runs diagonally through the DEM leaving it almost up to random where the computed flood extent will fall.

Preliminary shape file versus the digitized actual flood of 1993
The preliminary shape file is an intermediate map. It contains all the areas below the predicted water surface elevation. It is unfiltered and holds more areas than were actually flooded, e.g. areas behind levees, mountain ranges, ponds, depressions far away from the river etc.

When we compare the preliminary shape file with the actual flood extent we get a better result. In two cases the preliminary shape file displayed a more accurate picture of the flood than the final map. And that was equally the case for the 3m, 10m and 30m grid. This can be seen around the Quarry area (left picture) and around Creve Coeur (right picture). The actual flood is depicted in light blue, the preliminary shape file in blue spots and 3m DEM map in red stripes.
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After the prelim shapefile has been generated FldView goes through a filtering process. During this process all areas that are not connected to the main area of flood are being filtered out in order to get rid of areas not directly related to the flood. Such areas are referred to as “noise” and can be found as landscapes behind levees, hills, or depressions far away from the river. If these areas are not filtered out properly they will be erroneously shown in the final map as flooded.

In this particular case around the quarry and Creve Coeur the areas fell victim to the filtering process even though they originally were correctly classified as flooded. In order to take this into consideration for future mapping processes a slightly different filtering approach might be advantageous. A possible solution could be to place a buffer around the main flood extent and define areas that fall within this buffer as being part of the flood as well.

Another interesting observation can be made near “Earth City” which appears to be an area where industrial complexes are located. This area is on the lower side of the river, across from the city of St. Charles hence it is protected by levees. According to the aerial photographs this area was not flooded during the 1993 flood, however FldView computes it as flooded. See the picture above where the 1993 flood is depicted in pink and the computed flood shows a striped pattern.
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By looking at only the computed flood extent it becomes evident that FldView computes the levees correctly (white area), however the erroneously computed flooded area is connected at one point with the river and therefore the filter will not correct the mistake by leaving this “noise” out.
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This connection to the river can be seen in the picture below.




The DEM could be modified in order to obtain a more accurate flood map in two of the described cases above (Creve Coeur and Earth City). The connection between the river and the erroneously computed flood extent behind the levee can be eliminated by elevating the ground to the same level as the surrounding banks of the road which serve as a levee. The areas at Creve Coeur needs to be connected to the main flood so the filter will not leave them out. This can be achieved by building a connection between flooded areas and river by lowering the elevation of the road at one point in the DEM to the elevation of the surrounding area.

Another problem zone near the “Wabash Bridge” was elicited. In the northern part of the study area the levees had failed, however the water came to a halt at a recently built highway.

Neither the official USGS map nor a DEM reflected this change in elevation.
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In order to generate a more accurate map it was chosen to adjust the elevation of the highway, hence the banks of the highway were burned as a levee onto the DEM.
Recomputed Flood Map versus Digitized Flood Extent of Actual 1993 Flood
The mentioned changes around Creve Coeur, and south of the highway  were incorporated into the 30m DEM and the flood extent was recomputed. The result couldn’t be more convincing. On the left (in purple) we see the old computed flood extent, the map on the right (in orange) displays the new computed flood extent with all the changes applied. The blue map is the digitized 1993 flood extent.
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The large, wrongly computed flooded area south of the highway has disappeared due to the levee enhancements. At the same time the area around Creve Coeur is now correctly shown as flooded.

3m, 10m or 30m DEM?

All 7.5-minute DEMs in the lower 48 contiguous states made from contour lines are classified into two major resolution groups: 30-meter and 10-meter grid posting. The 30-meter DEM is the standard product produced by the USGS. The area covered in the 30-meter DEM is split into squares with 30-meter sides; hills or valleys smaller than the 30-meter cells will not show up. In an effort to improve the data, the USGS recently experimented in producing 10-meter DEMs. These 10-meter DEMs come from the same data source: the DLG (vector or digital line graph) with 20 and 40 feet contours. No new elevation, enhancement, or any additional information has been included. The elevation information is interpolated down to a finer resolution to produce a closer grid spacing DEM, thus portraying the earth's surface in a finer detail. However, since the data source for the elevation remains the same the vertical accuracy hasn’t been improved and is equal to the 30m DEM accuracy.
Based on information found on the USGS website, the accuracy of DEM data depends on the source and resolution of the data samples. DEM data accuracy is derived by comparing linear interpolation elevations in the DEM with corresponding map location elevations and computing the statistical standard deviation or root-mean-square error (RMSE). The RMSE is used to describe the DEM accuracy. For 7.5-minute DEM's derived from a photogrammetric source, 90 percent have a vertical accuracy of 7-meter RMSE or better and 10 percent are in the 8- to 15-meter range. For 7.5- and 15-minute DEM's derived from vector or DLG (Digital Line Graph) hypsographic and hydrographic source data, an RMSE of one-half of a contour interval or better is required. In other words if the DEM was derived from 20m contour intervals an accuracy of 10m or better can be expected. Vertical elevations are in decimal and whole units of meters and feet. Elevation values for the continental United States and Alaska are in reference to the National Geodetic Vertical Datum of 1929 (NGVD 29), with values for the islands of Hawaii, Puerto Rico, and Guam referenced to local mean sea level. By looking at a 3m DEM the question about the vertical accuracy of the data must be asked.

What does this mean for the case of St. Charles? Only in a few places (e.g. near “Sewage Disposal”, “Mark Twain Mall” and “Trail State Park”) at the left side of the river does the distance between two contour lines drop below 10 meters. On the right side of the river where the terrain is flatter this occurs even less frequently. Therefore a better accuracy of the resulting flood map cannot be achieved by using a 3m DEM, particularly if the vertical accuracy or rmse of the 3m DEM is 7m or worse. It remains to mention the amount of data to process. A 3m DEM contains 11 times more data than a 10m DEM and 100 times more data than a 30m DEM.

The 10m DEM for flood mapping purposes at St. Charles is clearly sufficient.

Why there was hardly a noticeable difference between the 10m and 30m DEM can be explained as follows: The stage of the 8_2_1993 flood fell between the 440 and 450 feet contour line. By tracing those two contour lines along the left river side where the terrain is steeper we’ll notice that the distance between the two lines is in most places at least 30m. This is even more the case along the right river side. When the distance between two contour lines is more than 30m the higher accuracy of the 10m DEM won’t give a better computational result.

However, this result is completely inherent to the 8_2_1993 flood. Had the flood been lower than the 440 contour line, the result might have been quite different.
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Introduction 

The NWS flood forecast mapping application (FLDVIEW) was developed to produce maps of the expected aerial extent of flooding in an operational setting where timeliness is as important as accuracy (Cajina et al, 2002).  FLDVIEW has been developed using the Environmental Systems Research Institute’s (ESRI’s) ArcView 3.1 geographic information system (GIS) software along with the Spatial Analyst and 3-D Analyst extensions.  It uses custom scripts written in Avenue, ArcView’s scripting language, to produce a map of the inundated area in both raster and vector formats. 

The flood raster in FLDVIEW is a hydraulic representation of the water surface in a specified area.  It represents the extent of flooding due to unsteady flow, backwater from tributaries or man-made structures (e.g., dams, bridges, levees) and levee overtopping and/or failure (Cajina et al, 2002).  FLDVIEW was developed to utilize the increasing availability of digital spatial data, as well as the relative ease afforded by off-the-shelf GIS software.  The development of the flood surface in FLDVIEW is conceptually similar to other geospatial processors for generating inundation maps from predicted point water elevations, and involves three key activities.  First it processes the GIS data to obtain a ground surface grid.  Second, it processes output data from FLDWAV or other hydraulic models to obtain a water surface grid.  Thirdly, it generates the flood surface from the ground and water surface grids.  These processes, which are discussed in more detail in subsequent sections, have been automated in FLDVIEW so that the user is not required to have extensive knowledge of GIS (e.g. ArcView), and so that the raster may be generated rapidly. After a ground grid has been created, multiple flood surfaces (grids) may be generated as often as a forecast is made.

This document reports on an investigation into the strengths and limitations of the FLDVIEW tool based on a deconstruction of the code and thorough evaluation of FLDVIEW performance.  FLDVIEW methods and outputs are then compared and contrasted with another inundation mapping tool, HEC-GeoRAS.  Based on the findings of this evaluation, recommendations are made regarding the overall utility and future use of FLDVIEW. 

Technical Issues in Creating Flood Maps - Overview

General Approach to Generating Flood Inundation Surfaces

The general approach for generating flood inundation surfaces is to process existing digital terrain data (contours, LiDAR etc.) by incorporating river channel bed topography and man made structures that influence hydraulic characteristics of the channel and floodplain.  A digital elevation model (DEM) of the entire channel and active floodplain is then generated usually in a GRID or TIN format.  Once a suitable ground surface has been generated, this data is manipulated in a GIS to develop appropriate cross-sections based on hydraulic modeling experience, as well as an understanding of how fluvial geomorphology and structures influence hydraulics in a channel.  The DEM is also helpful in delineating other important features required by the hydraulic model of choice (for example banks, flow paths and obstructions to flow).  The deficiency of 1-D hydraulic models has been, until quite recently, their inability to connect the information concerning water surface profiles with their physical locations on the land surface.  For example, in their comparison of 1- and 2D models, Horritt and Bates (2002) concluded this short-coming was a critical issue, in that providing results are projected onto a high resolution DEM, a 1-D approach can be as effective at predicting flood extent as 2-D modeling strategies.  The recent development of geospatial pre- and post-processors for several 1-D hydraulic models now enables rapid parameterization with channel geometry, roughness and other hydraulic parameters, improving this situation considerably (Maidment, 2002).  Many of these tools, including FLDVIEW, can also allow import of predicted 2-D water surfaces and velocity information back to GIS for visualization and analysis.  This is typically achieved by generating a water surface GRID and subsequent generation of a depth grid by subtracting the ground grid from the water surface grid.  The resulting spatially referenced surface can be projected onto a similarly spatially referenced image such as an aerial photograph or used to generate a shapefile for incorporation with other GIS data in the mapping environment.  It is now generally agreed that the most effective means for delivering these useful information layers to a wide audience, including emergency responders and the public, is via web map serving technologies.  These systems allow developers to make a variety of data layers available to the end user so that they can customize the map to their needs by selecting various information or reference layers.  The information available and the appearance of symbols are scale dependent, allowing a great amount of flexibility to both the author and the user.  

Terrain Modeling of the Channel and Floodplain

The increasing precision and availability of synoptic elevation has been a major driver behind recent innovations in flood inundation mapping.  A key development is the completion of the National Elevation Dataset (NED) by the United States Geological Survey (USGS).  NED DEMs are developed by combining the highest resolution and best quality elevation data available in the United States (Maune, 2001).  NED DEMs have a spatial resolution of 30m and are free to download.  In a few cases (e.g. North Carolina), the collection of statewide light detection and ranging (LiDAR) DEMs is a major component (and cost) of state mapping programs.  LiDAR DEMs are generally in the range of 5-15m spatial resolution, depending on point spacing.  The increasing availability of high resolution topographic data has created multiple opportunities for enhancing widely used hydrologic and hydraulic models to enhance or adjust their performance and output (e.g. Lane et al, 2004).  Similarly, several studies have considered 1-D model performance when LiDAR data is available for defining geometry, and issues associated with creation of a LiDAR-based DEM for this task (e.g. Wang and Zheng, 2005).  For example, HEC-RAS channel geometry is traditionally defined by detailed field surveyed cross-sections indexed by river station, data that is often necessarily spaced a considerable distance apart.  More recently, the availability of NED has enabled floodplain geometry to be extracted from these digital datasets, though they typically do not characterize channel geometry in any detail.  A dense LiDAR-based DEM presents opportunities to cut cross-sections at optimal locations and with close spacing, shifting the modeling approach at least conceptually towards a model set-up that is more spatially distributed in nature, and with a subsequent expectation of enhanced model performance. 

It is also reasonable to expect that misrepresentation of topography in high resolution DEMs could cause similarly high levels of error propagation and spurious model performance (e.g. Nicholas and Walling, 1998).  Thus careful surface model construction, enhancements, and error assessment required for 2-D hydraulic modeling applications (e.g. French, 2003; Lane et al, 2004; Wise, 1998) still apply to 1-D applications and recent studies have begun to investigate the influence of LiDAR idiosyncrasies on model output.  For example, Gueudet et al (2004) investigate the influence of post-spacing density of a LiDAR-derived DEM on HEC-RAS predicted flood surfaces.  Aggett (2003) used detailed ground survey cross-sections and compared these with those cut from LiDAR to assess the fidelity of the surface model, improving on the often-used but potentially misleading global measurement of (root mean square) error which fails to represent the spatial structure of the error field (Lane, 1998).  Charlton et al (2003), Grounds et al (2004), and Aggett and Wilson (2006) illustrate the ‘data gap’ in the wetted part of the channel, where many LiDAR sensors do not effectively penetrate water, while Fowler (2001) highlights the need to augment LiDAR data at critical locations.  This is typically at the riverbank, where LiDAR footprints fail to fall exactly on the bank edge.  Interpolation of LiDAR points to create a terrain surface will fail to create a reliable representation of the bank-river interface, unless heightened breaklines are created and available for the terrain modeling process.  Wang and Zheng (2005) compared and contrasted flood surfaces generated using lower resolution National Elevation Dataset (NED) data, and more detailed LiDAR-based DEMs.  The overall accuracy for selected flooded and non-flooded sites ranged 92.5–96.1%, which is thought to be significant.  In general the LiDAR DEMs provided more reliable flood surfaces, though errors in the more detailed surface caused more complex problems.  Errors in DEMs can influence the outcomes of both terrain and inundation modeling (USACE 1986; Tate et al 2002; Hodgson et al 2003). 
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Figure 1.  Map comparison illustrating the effect of elevation uncertainty on flood surfaces reprojected back on to DEMs of varying resolution and reliability.

Comparison of DEMs (e.g. Figure 1) provides valuable information about the similarity and difference of the DEMs.  The use of DEMs of varying resolution to create inundation maps provides insight about the DEMs on the floodplain mapping.  One major reason to utilize LiDAR-based DEMs is to have accurate and updated flood maps.  Thus, it is instructive to use the same surface water height and the same DEM-inundation method to flood DEMs of varying resolution to investigate the degree of agreement of the derived flood extents, and to verify the extents with a real flood event.  Further investigations into this issue using NHD DEMs, as well as DEMs derived from LiDAR and photogrammetry are required to more fully understand this issue. Similarly, the relative performance of geospatial post-processors such as FLDVIEW needs to be tested using different DEMs, particularly the influence of cross-sections developed from, for example, NHD versus LiDAR DEMs and the influence of on final flood inundation surface generation. 

Software Applications in Flood Mapping

Many GIS-based hydraulic model pre- and post-processing tools have been developed in recent years to automate flood surface generation and mapping via the use of GIS methods and software.  The tools have typically evolved to support specific 1-D modeling strategies (e.g. FLDVIEW was developed primarily to support FLDWAV, HEC-GeoRAS supports HEC-RAS, MIKE VIEW supports MIKE 11 etc).  


Table 1
 summarizes some of the features of these tools in a capability comparison matrix.  This information is based on an assessment of manuals, web sites and on-site users, and thus is not comprehensive, nor guaranteed for accuracy, as these tools are evolving rapidly.  It does however give an impression of the similarity between these flood mapping software tools and their potential to facilitate rapid flood map generation.

Table 1.  Assessment of Available GIS Software 

	Feature
	FLDVIEW
	HEC-GeoRAS
	MIKE 

View
	WMS
	WISE

	Cost effective
	*
	*
	
	
	

	TIN, GRID, vector data handling
	*
	*
	*
	*
	*

	Large data handling
	
	*
	*
	
	*

	Hydro-corrections
	*
	
	*
	*
	*

	Auto XS layout
	*
	*
	*
	*
	*

	Data source blending
	
	
	*
	*
	*

	Stream bed editing
	
	*
	
	
	*

	Structure definition
	
	*
	*
	*
	*

	Storage areas
	
	*
	*
	
	

	Water surface profile mapping
	*
	*
	*
	*
	*

	Velocity profile mapping
	
	*
	*
	*
	


Some of these tools, such as FLDVIEW, are written in accessible and modifiable code allowing them to be customized or enhanced. For example RTi has modified Avenue code in the ArcView 3 extension FLDWAV to run without prompting the user for input, allowing it to function as part of a real time system installed in Tegucigalpa, Honduras.  

Water Surface Interpolation

Interpolation of water surface data also requires consideration if flood surfaces are to be reliable.  Many of the tools listed in table 1 above employ the same concepts, but utilize significantly different strategies for critical tasks such as the floodplain surface interpolation.  For example in FLDVIEW the water surface grid is generated using the water surface and corresponding channel top width at specified locations along the routing reach and the river centerline.  Two-dimensional cross-sections are placed perpendicular to the centerline and extend into the flood plain to a distance equal to the water surface top width on both sides of the centerline.  To improve the accuracy of these water surface grids, additional points are generally required in the water surface profile, and the water elevation and top widths for these extra locations are linearly interpolated from the known cross sections. In WMS (Environmental Modeling Systems Inc.), water surface elevation data used to derive the floodplain are imported and processed as xy locations (scatter) of water surface elevation points.  It is possible to have a single scatter set with multiple data sets representing the water levels themselves.  The flow path option in the WMS floodplain delineation process ensures that the sources of water, i.e. the water levels, and the areas flooded (TIN vertices for which water surface elevation is interpolated) are hydraulically connected.  This is an important option because if not applied, the process may interpolate water levels while ignoring obstructions between the water levels and the point of interpolation. Water surface elevations are determined for each TIN vertex by using interpolation from a set of "nearest" water surface elevations in the stage scattered data set.  By setting a search radius the user can in this case define the distance that will be used when collecting the nearest stage scatter points.

When interpolating water surface elevation data, the choice of data model can also influence reliability.  For example, the TIN model generally produces more accurate results since every elevation point in the input data set is accounted for, in contrast to gridding a raster surface where a GRID cell size must be specified and elevations are averaged over cells.  When computing (delineating) topographic highs with no flow, a GRID can be more effective at identifying these because a TIN interpolation algorithm will generally incorporate the island polygons in its continuous surface.

FLDVIEW Evaluation

FLDVIEW Technology Overview

FLDVIEW is an Environmental System’s Research Institute (ESRI) ArcView application developed by the National Weather Service.  Because ArcView was ESRI's first attempt at a desktop GIS application, it is based on old memory management technology making it quite unstable. FLDVIEW thus tends to crash often and for no apparent reason other than that it may be processing a large dataset.  FLDVIEW is programmed in the ArcView customization language, Avenue, ESRI's proprietary scripting language. Avenue is limited in its features and is not supported by any of today's standard development environments.  This makes it difficult to integrate FLDVIEW with most current systems.

While ESRI still supports the product in what the company terms ‘mature support’, it has not been providing any enhancements, bug fixes, or updates since the last release (Version 3.3) in May 2002. ESRI Product Life Cycle Support Policy has 4 phases (Table 2 and Figure 2 below): 

1. General Availability 

2. Extended Support 

3. Mature Support 

4. Retired 

Once an ESRI product enters Mature Support, users are told they can expect phone and online support center access, plus access to the knowledge base, supported environment, downloads, and discussion forums, etc.  However, ESRI does not provide any further patches and hot fixes for products that have reached this Mature Support phase.  The Mature Support lasts 12 months from date of announcement, after which (or at a time previously announced) products are retired.  Once ‘retired’, the product is no longer available for purchase and users only have access to very limited support from ESRI’s Online Support Center.  According to this schedule, ArcView 3.3 is in fact ‘retired’, although the most recent information available on their web site indicates they have still not announced an official retirement date.  This is no doubt because there are many users remaining, due to the relative simplicity and low cost of ArcView 3.3 versus ESRI’s current ArcGIS desktop GIS products. 

Table 2.  ESRI Product Life Cycle Support Policy
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Figure 2.  ESRI Product Life Cycle Support Phases

Documentation

Comprehensive documentation was not available to properly support this evaluation.  This is because the documentation that does exist is sparse, individual documents are often poorly written and organized, and the full documentation required to allow a user to fully understand the nature and workings of the software is scattered over multiple documents in multiple locations (folders), rather than organized in a single coherent document with the appropriate appendixes.  None of the available documents (FLDVIEW Quick Start manual, FLDXS Manual, Scripts Documentation) indicate which revision of FLDVIEW or FLDXS software they are for.  This is problematic as a particular software version may behave differently from how it is supposed to perform according to the performance described in the documentation being followed.  For example, the FLDXS manual expects the application to show the ‘settings’ dialog on startup, but more recent versions show the ‘segname’ dialog instead.  

FLDVIEW has facilities to allow the user to maintain multiple scenarios through the directory structure of the data, and dialogs that allow users to define the location of inputs and outputs, but they are badly designed, poorly documented, ‘buggy’, and hard to use.  For example, this feature requires a scenario (.scn) file.  No documentation is provided about the contents of this file.  Also, no instructions are provided on how to set up the directory structure that is required to support this feature.  The documentation does not cover all the software requirements.  For example, FLDVIEW requires the output/input extension (scriptio.avx) in order to open successfully.  This is not mentioned in the documentation and the extension was not provided.  It takes a very experienced ArcView 3x user to understand this problem, figure out how to locate this extension and where to install it correctly so that FLDVIEW can find and use it.  Experienced ArcView users and Avenue developers are of course becoming increasingly rare as time moves on from the last release.
Besides being out of sync with the software, there are many inconsistencies within the same FLDVIEW software manual document.  For example, a user environment variable must be set to the path of the FLDVIEW project (.apr) file.  In the last version of the FLDVIEW Quick Start manual, an example of the path in page 5 assumes that the project file is in the \floodmapdata\<river>\<town> folder, e.g., “c:\gis\floodmapdata\susquehanna\lewistown”.  However, the figure in page 7 of the same document shows the file in the \floodmapdata\ folder, as shown below.  
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Figure 3.   FLDView's Directory Structure

Several aspects of the software are not documented at all or not sufficiently documented.  The user interface has minimal documentation, and the processing logic and algorithms are not documented.  For example, the automatic process of creating cross section lines is not described.  In addition, the directory structure is not sufficiently documented - the documentation does not mention that the output folder must be an ArcInfo workspace created with ArcInfo Workstation or with ArcCatalog.  This is a fundamental issue that alone renders FLDVIEW unusable to all but an experienced GIS user, who might recognize the problem if they had used ArcView previously.  The configuration files and their structure also are not documented.  For example, we were not able to determine what exactly the .segname file is, and how to create it.

In trying to get past some of these problems, error messages could potentially be very helpful to a novice user. FLDVIEW does generate some error messages however many of those displayed are meaningless.  The following two figures illustrate the typical Avenue error report box, but in these instances provided the reviewers no indication of what the problem was. The messages in these boxes should either be more helpful, or there should be corresponding documentation provided in the manual to allow a user to interpret the message effectively.
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Figure 4.  Example of an Avenue Error Message
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Figure 5.  Example of FLDView's Error Message

In general the reviewers had a significant challenge attempting to connect software performance to instructions in the manuals simply to progress to more operational aspects of the FLDVIEW evaluation.  We believe the time and experience required to overcome these disconnects would prohibit most novice users from successfully setting up the software prior to learning how to use it. To enable users to learn how to use the application itself will require a significant overhaul of the manual. 

If a thorough overhaul of FLDVIEW is conducted, the greatest challenge in moving forward with this might be identifying and co-relating the most recent code and documentation.  It is an important practice in software development to indicate the revision and date in the documentation so that the document and the software can be synched.  A lack of revision information in the documentation is an indicator that FLDVIEW development was somewhat ad-hoc and/or poorly defined.  A considerable effort would be required to organize the existing documentation into a coherent document.  This will be necessary to move forward with FLDVIEW however, as this is a starting point to reorganizing and updating the software itself.

Data

The FLDVIEW material provided for review included data for testing the software.  However, none of the spatial data contained metadata. This made it difficult to determine the spatial reference or the units of the data, input parameters that FLDVIEW requires to operate.  It is general practice to generate metadata at the time spatial data is developed and/or incorporated into a project, and is especially important when the data is developed to support learning how to use a software tool.  Again, this basic problem indicates that development of FLDVIEW was somewhat ad-hoc, and did not consider that novice users would need to pick up the code (and supporting data) to learn how to use it. 

Many of the input data files have duplicate data.  For example, the distances between cross sections and the downstream point along the centerline are defined in three separate files: the XY file, the forecast (.fcs) file, and the scenario (.scn) file.  These values must match in the first column of all three files, as shown below.  This adds to the complexity of creating and maintaining the data.  A preferred alternative is to store the data in a single table with added columns for the scenario number and name.
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Figure 6.  Cross Section and Forecast Input Data Stored in Three Separate Files

General Issues with FLDVIEW Code

It is typical practice when writing code such as Avenue to include a comment in the header describing what the code does.  Most FLDVIEW Avenue scripts do not have this typical descriptor, and in-line comments describing details of code processes and performance are even more rare.  For this evaluation the paucity of code documentation meant that many runs of the code had to be conducted in order to at least partially understand what the code was doing, this effort consuming a lot of resources. The lack of information about code and code strings meant that problems were very difficult to reconcile, and would clearly complicate integration of new code. For a new user, this effort might be too great.

In general the FLDVIEW Avenue code needs much editing, reorganizing and documenting, both at the scripts level and within the scripts (line level).  At the scripts level, there are many cases where several variations exist of essentially the same script (see Figure 7 below).  These are not documented and it is unclear which of the variations is used, or should be used, and why.  Within the scripts, snippets of code are incomplete and seem to be an unfinished attempt to implement a feature.  For example, there is an exit statement in the middle of the NOS processing code.
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Figure 7.  Example of Variations of the Same Script

Of the few code comments that do exist, some are incorrect or misleading, probably because they were not updated from one revision of the code to another.  For example, the script floodmap.driver has the following comment:

' Start NOS Processing

' This process runs when the NOSDATA variable

' if the envar.txt is set to YES.  If the 

' variable is set to NO this section is skipped

' and the floodmap is processed normally.

However, the NOS process runs whether NOSDATA is set to Yes or No.  many other input parameters also do not have the expected effect. 

The code is not robust in that it does not trap and handle runtime errors effectively.  For example, FLDVIEW crashes if the .xy file has an extra blank line at the end of the file (see Figure 8 below).  The code should trim white space like this before passing it on to a function that does not allow these extra spaces or blank lines.
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Figure 8.  Example of Unhandled White Space

Across the board, the naming of scripts and functions appears to have been conducted with little thought for how future users might interpret the script function based on its name. For example, the script FindCrossSections creates the cross sections, but doesn’t find them.  In another example, the script delete.grids creates the reach shapefile and has nothing to do with deleting grids.  A more trivial but nonetheless potentially confusing issue is that capitalization of names is inconsistent. An example of script names is shown below (Figure 9), and this issue also applies to names of functions, variables, and other code elements.  Naming conventions help determine the type of object and its relationship to other objects, as referenced throughout the code.  Inconsistent naming can cause confusion and slow down the process of development, debugging, review, and documentation of the code.
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Figure 9.  Example of Inconsistent Naming

Throughout the FLDVIEW application, the code has several long, multi-level, undocumented loops.  This procedural structure makes it difficult to follow the execution flow.  In the example below it can be seen at each of the highlighted locations there are three nested branching points ('if' statements) within two nested ('for each') loops, none of which is documented.  This makes it difficult to follow what the code is doing.  The basic code editor in ArcView does not provide good tracing facilities that allow someone to step through the code to follow its execution flow, and to understand what it does, thus documentation is critical and is standard practice in Avenue development. 


Cross-section Generation using FLDXS

FLDXS is another ArcView GIS application also developed in Avenue to complement FLDVIEW. This tool generates cross section profiles and tables containing elevation information of cross sections along a river using ArcView and its extensions (Spatial Analyst and 3-D Analyst). The development of cross section information in FLDXS involves four steps: (i) Drawing or importing a river centerline using USGS 1:24000 maps; (ii) Drawing cross sections along a reach; (iii) Determining elevations along cross sections using ground grids (digital elevation models); and (iv) Creating cross section elevation profiles and exporting the cross section elevation tables combined as text file. As with the development of FLDVIEW, these processes have been automated so the user is not required to have extensive knowledge of any particular GIS. A manual method for creating cross sections is also provided.  In manual mode, tools provided by the FLDXS menu (Figure 10) are used to draw the river centerline, digitize the cross section lines, and view selected profiles.
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Figure 10.  FLDXS Extension Menu

In automatic mode the cross sections layer is created and added to the FLDVIEW map by several scripts at runtime.  The automatic scripts hierarchy is shown in Figure 11.
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Figure 11.  Procedure for Automatic Cross Sections Creation

The automatic cross sections creation process starts by reading the cross sections location from the forecast (.fcs) file.  This file identifies the user-defined upstream, downstream, and intermediate cross-section locations along with their associated water surface elevations and top widths.  Two-dimensional cross sections are placed perpendicular to the centerline and extend into the flood plain on both sides of the centerline to a distance equal to the water surface top width as defined in the forecast file.  Figure 12 shows an example of these cross section lines.
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Figure 12.  Example of Original Cross Sections

Additional points are needed in the water surface profile to improve the accuracy of the water surface grid.  These additional cross sections are added by defining equally spaced locations along the centerline in the number of the original cross sections.  Lines are placed perpendicular to the centerline at these locations.  The water elevation and top widths for these extra locations are linearly interpolated from the known cross sections.  An example of interpolated cross sections is shown in Figure 13.
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Figure 13.  Example of Equally Spaced Cross Sections

The original (known) and equally spaced (interpolated) cross section lines are combined together into a single layer, as shown below in Figure 14.
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Figure 14.  Merged Cross Sections

At this point the software goes through a process it refers to as ‘clipping’.  The following description of this process is the result of reverse engineering of very complex code that is uncommented and undocumented.  The described algorithm, or logic, may or may not be what the developers intended the code to do.  It seems that the purpose of this process is to eliminate the intersections of cross sections.  This elimination process is done in two phases.  At the first phase, each cross section is split in two at the centerline.  Then, starting at the upstream end, for each cross section line, it removes a segment that intersects a downstream line or that intersects one of the three lines immediately upstream.  If both segments of a line intersect, it removes the segment that intersects the downstream line and keeps the other segment.  For the lines in the above example, removing the first order intersections results in the lines in Figure 15.  In this figure, two lines remain intact.  One cross section line is kept because it doesn’t intersect any other line, while the other intersects an upstream line, but is more than three lines upstream.
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Figure 15.  Cross Section Lines After Removing First-Order Intersections

The same logic used to remove intersections in the first phase is also used in the second phase, in which the remaining intersections are eliminated.  After this phase the cross sections in the above example (Figure 15) appear as in Figure 16.
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Figure 16.  Cross Section Lines After Removing All Intersections

As the last step of creating the cross sections, floating, or hanging, lines that do not intersect the centerline are removed, leaving the final cross section lines (Figure 17).
In general, the scripts driving FLDXS suffer the same problems as the FLDVIEW code. They are untidy and poorly documented.  It is unclear from the documentation which version is the most recent code, again making interpretation of manual documentation and instructions difficult. It is clear that FLDXS once was fully incorporated within the FLDVIEW code, but has since been extracted to make it a standalone tool.  Legacy script elements referring to FLDXS still exist within some versions of FLDVIEW.  It is likely that FLDXS was separated to either make FLDVIEW less cumbersome, or to allow FLDXS itself to be more manageable. 
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Figure 17.  Final Cross Section Lines

User Interface

A standard Windows program typically provides keyboard shortcuts to GUI controls, which many users appreciate as it can allow for more efficient operation of a particular application.  FLDVIEW doesn't always follow this convention.  For example, the options form that opens on startup cannot be navigated using the keyboard, and the Tab key does not move the focus from one button to another.

Comparison of FLDVIEW with HEC-GeoRAS 

In order to further evaluate the functionality of the FLDVIEW application, a comparison was made between FLDVIEW and HEC-GeoRAS, a similar application developed by the Hydrologic Engineering Center (HEC) to produce flood inundation maps using ArcGIS (ESRI).  The associated hydraulic models (FLDWAV and HEC-RAS) are significantly different in how data is entered and interpreted, as well as the output that is then in turn entered into the flood mapping application.  The challenge was to evaluate the results of the flood mapping applications only, and not factor in any differences in the hydraulic models themselves. Therefore the terrain models, stream centerline, and the resulting water surface elevation would need to be identical for each application.  

The HEC-GeoRAS application has a pre-processor built-in to generate input to the HEC-RAS model, and is therefore easier to setup when compared to the FLDVIEW tool.  However, because the HEC-GeoRAS tool is tightly coupled to the hydraulic modeling process (HEC-RAS) for both pre- and post-processing, outputs generated by HEC-RAS for input into HEC-GeoRAS are much more complex then the FLDVIEW input, because the stream centerline and all cross sections are specified as geo-referenced cut lines. In contrast, the FLDVIEW application uses a pre-generated stream centerline shape file to reference the cross sections and water surface elevations.  
However, because the cross section stations and water surface elevations are listed in a number of text files, it is straightforward to generate the required HEC-RAS inputs using the HEC-RAS report options.  The approach for this evaluation was thus to setup and run the hydraulic model in HEC-RAS and to use features of HEC-RAS to create identical input for both the FLDVIEW and HEC-GeoRAS applications.  Figure 18 presents a workflow of the procedure to generate comparable flood maps from both HEC-GeoRAS and FLDVIEW. 
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Figure 18.  Generation of flood mapping application input

Figure 19 illustrates the study reach selected for this evaluation.  The HEC-GeoRAS 4.1 tool for ArcGIS 9.0 was used to extract the geometric data from Rock Springs to Greenville on the Tar River in North Carolina.  This reach has both a sinuous section with tributaries, a bridge, and a short straight reach.  This combination of features allows the evaluation of the flood inundation mapping technique of FLDVIEW and comparison with that of HEC-GeoRAS.  
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Figure 19.  Tar River in North Carolina

The surface topography used to extract the cross section geometry was created from a 20 ft. DEM downloaded from the North Carolina Flood Mapping Program (NCFMP) website http://www.ncfloodmaps.com/default_swf.asp.  The NCFMP created the elevation data used to generate the DEM from LIDAR technology.  Light Detection and Ranging (LIDAR) uses laser pulses shot in an array towards the earth from an airplane along with GPS to collect elevation points on the surface of the earth.  The laser pulse does not penetrate water and therefore the river channel elevations below the water surface are not accurately represented.  In normal hydraulic modeling and flood mapping applications, the DEM would require processing to incorporate the actual channel geometry.  For this project, a river centerline was used to “burn” a basic channel invert into the DEM.  The scope of this project is to evaluate the FLDVIEW flood inundation process and not the actual hydraulic modeling of the reach, thus errors in the bottom elevation would not impact the high flows used to create the flood maps, and regardless would be the same for both mapping applications.  Figure 20 presents a view of the LIDAR data overlaid with the river streamline (blue) used to burn the channel invert into the DEM.

[image: image31.png][ [77423 35647 Decimal Degrees




Figure 20.  LIDAR digital terrain model and river stream line

Aerial photos were also collected from the North Carolina Flood Mapping Program in order to assist with the digitization of the river and features (Figure 21).  The photos also aid with inspection of the flood mapping results.
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Figure 21.  Aerial photos of Tar River, NC

The first step was to digitize the river centerline (light blue), bank lines (red), flow paths (dark blue), and cross sections (green) in HEC-GeoRAS (Figure 22).  The river centerline was duplicated from the streamline used to burn the DEM.  The bank lines should represent the point where the river is considered “out of bank” and the river is flowing onto its floodplain.  These lines determine the change in Manning’s n roughness coefficient in the hydraulic model and may adjusted in the model itself.  There are three flow path lines to setup in HEC-GeoRAS that represent the direction of flow in the channel banks and the left and right flood plain.  These lines determine the cross section stationing as well as the right and left channel distances between cross sections.  Finally the cross sections should be placed perpendicular to the flow, and should represent locations in the reach where physical changes occur.
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Figure 22.  Digitization of river features in HEC-GeoRAS

Once the digitization process was complete, the HEC-GeoRAS data was imported into HEC-RAS.  The transition between the pre-processor and the hydraulic model is smooth and results in a visual representation of the model identical to that created in the pre-processor.  Figure 23 illustrates that the streamline, bank points, and cross sections are all spatially referenced, as presented in the HEC-RAS geometric data editor.
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Figure 23.  HEC-RAS Geometry Editor
The hydraulic model requires additional inputs that were obtained from previous HEC-RAS models including the Manning’s n values, upstream and downstream boundary conditions, and the probabilistic flow rates.  The model was then run and a table of cross section distances, top width, and water surface elevations was generated (Figure 24).  The HEC-RAS results table includes all of the information required for input into the FLDVIEW application.
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Figure 24.  HEC-RAS Results Table

The FLDVIEW application requires the following items as input in order to generate flood inundation surfaces:

5. Scenario file

6. Geometry file

7. Forecast file

8. River centerline shape file

9. Ground GRID

The scenario file is a listing of the channel distance upstream to the most downstream point on the river centerline of each cross section.  The geometry file also lists the channel distance as well as the latitude and longitude in decimal degrees of the upstream and downstream points of the river centerline.  The fourth column includes the channel invert elevation of each cross section.  The forecast file again lists the channel distance for each cross section as well as the water surface elevation and corresponding top width for a specified model run.  The river centerline shape file and ground GRID were duplicated from the HEC-GeoRAS ArcMap setup.  The scenario files were created using the data generated from the HEC-RAS results.  Appendix A presents an example set of FLDVIEW input files (10year.scn, 10year.xy and 10year.fcs) created for the evaluation.

The HEC-RAS program has a built in function to extract the necessary GIS data to create the flood surfaces in HEC-GeoRAS.  Appendix B presents a sample of the HEC-RAS GIS export files used in this evaluation.  The user may select multiple profiles to output as well as a velocity distribution if the user has modeled velocity in an unsteady flow (not shown here).  Both the HEC-GeoRAS and FLDVIEW applications were run and flood surfaces created.  These layers were added to an ArcMap to aid in comparison of the results.

Floodmap Comparison

One of first steps in both utilities is to generate the cross sections.  Figure 25 shows both versions of cross sections layered onto one another in ArcMap.  The green cross-sections are HEC-GeoRAS while the orange cross-sections are those generated by FLDVIEW.  The cross sections in HEC-GeoRAS are defined as cut lines, meaning the starting and end points for each cross section are designated as opposed to FLDVIEW, which designates the station and top width.  All HEC-GeoRAS feature classes are stored in a personal geodatabase.  The FLDVIEW cross-sections are automatically generated and sections eliminated if overlapping.  These eliminations can create large gaps in coverage, as highlighted by the red circles in Figure 25.

[image: image36.png]=l8|x|

Deda 8¥ [ < | @) .| Tmeshewroman v 2¢ - | B 7 U & A s Common Tasks ~
3.Removing lines that do not intersect
the centarline

713 The Automatic Process

72(2) The Automatic Process

733 Map of Second Cl

743 zoom to intersection

75 ) Eliminating Intersections
1Eliminating first-order intersections

2 Eliminating second-order
intersections

3Removing lines that do not intersect
the centerline

76 ) The Automatic Process
772 Map of Detached Lines
78 ) Flood Mapping Process
732 WS OHD FLDVIEW Evaluation
80 O Pre-processor
&1 O Hydraulic Model
82 ) post-processor.
3 (D FLDVIEW Evaluation Overview
84 (D FLDVIEW Evaluation Overview,
85 (2 FLDVIEW Evaluation Overview
surface

: Cross Section

Lines.
90 ) HEC-GeoRAS to HEC-RAS

91 3) HEC-GenRAS to HEC-RAS

92 3 water Surface Elevations

93 5 FLDVIEW Input Requirements
42} FLDVIEW Input Requirements The FLOVIEW cross sections, shown i orange, h b fremoved

95 () FLDVIEW Input Requiroments TreFIDVEW sross sctrs,shoun 1 crge e gapebecuseof v rse sections or because they are generated perpendicular t the river centerline. The
9 £ FLDVIEW Input Requirements
57 5 FLDVIEW Input Requirements
9 (2) HEC-GenRAS Extract
99 3 Flood Surface Creation

101 O Flood Surface Comparison
102 0 Tar River: Falkland

103 ) ALDVIEW: Cross Sections
104 O HEC-GeoRAS: Cross Sections

aostapes- \ N CIOE 4B 2-L-A-=
Side 105 143 Defout Desin

m





Figure 25.  The HEC-GeoRAS (green) and FLDVIEW (orange) cross-sections layered for comparison

The cross sections are used by both applications to create the bounding polygon, which represents the extent of the floodwaters.  In FLDVIEW, the bounding polygon is created by drawing a line around the edges of the cross sections, while HEC-RAS outputs the bounding polygon points in the GIS extraction.  Figure 26 presents the bounding polygon layers for both HEC-GeoRAS and FLDVIEW for comparison.  The red circles highlight differences in coverage of the bounding polygon that are created by the cross sections that were removed or cut in half.  
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Figure 26.  Bounding polygon created by HEC-GeoRAS (green) and FLDVIEW (yellow).

The process in which FLDVIEW automatically generates cross sections using stationing and top width is also emphasized when the polygons are layered, on both sides of the river.  In this reach the right bank (looking downstream) is much steeper with the terrain on the west side of the river at a much higher elevation closer to the river centerline.  On the left bank, the floodplain continues significantly father northeast of the river.  This is why the cross sections created with HEC-GeoRAS are shorter on the right bank side of the river than on the left.  The FLDVIEW program simply splits the top width evenly on both sides of the bank and therefore the polygon extends much farther, unnecessarily, to the southwest.

The flood surfaces are generated in a similar fashion in both HEC-GeoRAS and FLDVIEW.  The water surface elevation is known at each cross section along the river centerline.  This value is used with the bounding polygon to generate a TIN surface representing the water surface elevation extending from the river centerline to each end of the cross section and values interpolated between each cross section.  The TIN is compared with the ground GRID and any section of the TIN located below the ground elevation is clipped off.  The remaining surface outline is created as a water surface shape file.  Figure 27 illustrates the results from both HEC-GeoRAS and FLDVIEW.  Areas where the bounding polygons overlapped created almost identical flood surfaces however there are some discrepancies.  The largest are highlighted in a red circle and represent areas where the FLDVIEW polygon did not extend far enough out from the river streamline in order to capture the full extent of the flood.  Figure 28 is a demonstration of another reach of the Tar River that has more curvature to its reach.  The bounding polygons and cross sections are included in order to better visualize the surface generation process.  The red circle highlights an area where a significant gap in cross sections and consequently the bounding polygon results in a significant difference in the flood surface.
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Figure 27.  Flood inundation surfaces for HEC-GeoRAS (dark blue) and FLDVIEW (light blue).
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Figure 28.  Additional reach of the Tar River flood mapping results (HEC-GeoRAS: green and dark blue, FLDVIEW: orange and light blue)  

Automatic Generation of Cross Section in HEC-GeoRAS

HEC-GeoRAS 4.1.1 for ArcGIS 9.1 allows automatic generation of cross sections with the “Construct XS Cut Lines” tool.  Cross sections will be generated along a river centerline by designating the “Stream Centerline” layer, “XS Cut Line” layer, “Interval” and “Width”.  Figure 29 illustrates the information required for automatic cross section generation in HEC-GeoRAS.
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Figure 29.  Information required for automatic cross section generation

Cross section cut lines for HEC-GeoRAS extracts should be multi-segment lines drawn perpendicular to the channel and over bank flow path lines.  The cross sections must not intersect and should only cross the river centerline once.  Figure 30 illustrates how cross sections are generated automatically compared to Figure 31, which shows the recommended manual method of generation to accurately model one-dimensional flow.  The cross sections generated in Figure 30 are generated correctly when the river reach is straight, however when there are bends in the river centerline, the tool creates the cross section perpendicular to the centerline and therefore makes the ends cross.  The automatic generation also creates cross sections with the river centerline in the center of the cross section cut line when in reality one side of a flood plains relative to the active channel thalweg may be wider then the other, and therefore the river centerline may be shifted towards the right or left over bank. 
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Figure 30.  Results of automatic cross section generation with the “Construct XS Cut Lines” tool
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Figure 31.  Manual creation of cross section cut lines

3-Dimensional Perspective Plots

The flood mapping process can be very time consuming, particularly the generation of reliable inundation surfaces. This effort depends on the extent of the river reach and the complexity of the terrain model.  Features of HEC-RAS aid in the evaluation of the flood mapping, and can reduce any iterative process when calibrating the hydraulic model and first creating a flood inundation map.  The first of these tools is the X-Y-Z perspective plot (Figure 32), in which the different profiles can be layered one on top of each other.  The user can also rotate a reach in all directions and zoom in and out.  The advantage with this tool is that the flood surface can be previewed and evaluated before flood mapping, enabling identification of any major discrepancies.
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Figure 32.  X-Y-Z Perspective plot from HEC-RAS

The second tool (currently in beta stage) is the 3D view (Figure 33).  This allows rotation and zooming as well as a “Fly the Invert” feature. However this tool currently does not plot flood surfaces.
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Figure 33.  HEC-RAS 3D view of terrain

FLDVIEW for LINUX

ESRI does not support ArcView, and therefore FLDVIEW, on Linux.  The supported operating systems other than Windows are: Compaq/Digital Tru64, HPHP-UX, IBM AIX, SGI IRIX, and Sun Solaris.  It is possible that FLDVIEW might run on Linux using one of the Windows emulators that exist for Linux, but testing this option was outside the scope of this review task. However, an emulator is not tenable for an operational system, simply because working through an emulator would create another layer of potential instability in an already unstable application.

Results

The following is a summary of evaluation results, which leads into a final section containing recommendations as to whether the National Weather Service should persevere with the FLDVIEW project.

10. Flood inundation mapping using FLDVIEW is a quite straightforward process in principle – FLDVIEW can generate a reasonable flood inundation surface with minimal forecast/water surface elevation points along a river reach;

11. The FLDVIEW tool currently sits on an increasingly obsolete platform (ArcView 3.x), meaning the tool itself is becoming increasingly obsolete; 

12. The Avenue scripts comprising FLDVIEW are extremely messy and poorly documented. The code is ‘buggy’ and currently contains many frustrating problems that slow or prevent the user moving through the mapping process. A significant amount of work will be required to improve this code;

13. FLDVIEW documentation is poor. A complete overhaul is required if new users are expected to be able to use the software;

14. FLDVIEW repeats various processes unnecessarily, increasing the chances for introduction of errors;

15. The generation of FLDVIEW section lines, which ultimately provide the foundation for delineating the flood inundation surface, are a major problem.  They do not demand or employ any expert, or even sensible hydraulic/geomorphic knowledge in the way they are generated and deployed spatially. Subsequent processing steps further reduce their utility, and in some instances cause them to be unreliable in a manner that sees error propagate through the process leading to an ineffective or erroneous flood inundation map boundary in the area of influence;

16. The way in which FLDVIEW is designed does not provide the user the control to ensure output adequately represents the assumptions of hydraulic modeling.  Other tools, with which FLDVIEW was compared, do. For example, HEC-GeoRAS and MIKE VIEW have both pre-processing (parameterization) and post-processing (mapping) capabilities.  Spatially registered parameters are carried forward from pre-processing, appended with modeled results, and are available for QA/QC analysis in the mapping stage.  This approach also mitigates for the problem identified in (6), in that expert hydraulic modeling knowledge is used to deploy cross-sections for modeling, and these same cross-sections form the ‘anchor’ location for generation of water surface elevation predictions.  The hydraulic model set-up is thus fully connected to the goal of generating hydraulically defensible inundation maps.

17. FLDXS is a potentially useful tool, though the code suffers from the same issues as FLDVIEW in that it runs on ArcView, is built on poorly structured Avenue code, and is not well documented in manuals or in the code scripts.

18. ArcView 3.x is a PC-based program, thus it does not readily facilitate coupling with AWIPS (LINUX).  Some emulators claim to support ArcView 3.x, providing a potential solution to this problem.

Recommendations

FLDVIEW clearly has some utility, and has had considerable resources invested in its development.  While a different tool may ultimately be selected or developed to take it’s place, it is possible that in the short to medium term it will be required to enable flood mapping operations.  For the tool to be useful in an operational context, the following issues will need to be dealt with:

19. Because considerable effort would be required to improve the FLDVIEW code and software documentation, this effort would be best directed at porting the tool to a fully supported GIS (e.g. ArcGIS), with necessary enhancements conducted during the conversion. An enhanced version of FLDXS should be integrated into this update so that it is tightly coupled with FLDVIEW. Full documentation of code and manuals needs to be carried out simultaneously to ensure NWS does not have to deal with this same problem in future;

20. Some FLDVIEW processes need to be modified or changed regardless of whether it remains an ArcView 3.x application, or is ported to ArcGIS.  Most important is the redesign of the methods the tool uses to deploy and process water surface elevation section lines. The comparison with HEC-GeoRas inundation surface output highlighted the potential for critical map errors to be made due to a simple but somewhat crude automated rule system for developing section lines. The ease of use afforded by this automation is, unfortunately, FLDVIEW’s greatest weakness in terms of mapping accuracy.  

Several other GIS post-processors were reviewed and one evaluated (HEC-GeoRAS) for comparison with FLDVIEW.  Some of these have some important advantages, including maturity in terms of testing, documentation, and their relationship to the pre-processing of the models they support. In addition, some of these are clearly benefiting from ongoing development, and are currently supported at a high level.  Based on this part of the evaluation, we recommend that NWS further assess flood mapping tools such as MIKE VIEW and HEC-GeoRAS once decisions have been made regarding the hydraulic model/models that will be used by OHD and RFCs.  While FLDVIEW or similar code could be modified to support any 1D hydraulic model, processing software designed to support a particular model will have important characteristics that support that model. Depending on the variety of hydraulic modeling strategies ultimately employed to support water surface (flood) modeling across different regions (e.g. 1D versus 2D), one or several of these tools may play a role in mapping flood surfaces for dissemination.  Alternatively, these tools may provide information to guide enhancement of existing NWS surface mapping capabilities or in designing new, flexible software tools to handle a variety of water surface information in a more generic manner.  

Both flood map generation and web serving of these maps are fundamentally GIS-based technical operations, and thus inter-related.  This presents opportunities to select technologies that can enhance the performance of both operations, while reducing operational and GIS software licensing costs.  Based on experience developing real-time flood forecast mapping applications with ESRI’s ArcIMS and modified FLDVIEW code, RTi recommends that NWS assess ArcServer (ESRI).  RTi now serves web-mapping applications and develops with ArcServer, and in conducting this evaluation have identified several opportunities this tool may provide NWS for supporting pre- and post-processing as well as dissemination of inundation maps, and also facilitating implementation of flood forecast mapping systems at RFCs:

· ArcGIS Server can be used to create and run geodata and geoprocessing services that can be accessed over a LAN or the web;

· Geodata services can serve the layers necessary for flood mapping such as base data (background and reference layers for the map), terrain, rivers centerline, and cross sections cutlines;

· Geoprocessing services can provide the functionality for each of the flood mapping steps such as water surface interpolation (creating the TIN layer), converting the TIN to raster, intersecting the water surface raster with the ground, and creating the inundation polygon layer;

· An ArcServer flood mapping web application could consume the data and processing services outlined above, as well as real-time data from an RFC that will be automatically uploaded to the server and used to generate inundation maps;

· The application will provide a user interface.  The GUI will allow control of the mapping process and provide display of the resulting flood maps.  The design will also allow viewing of maps for different time steps;

· Selective permissions can be assigned to different capabilities (e.g., map generation, map viewing) of the application;

· Users don't have to store and manage static data.  The data that is not event-specific is maintained on a server in a central location.  Users access the data by connecting to the appropriate service using the web application or any other client application such as ArcMap, ArcCatalog, or free viewers such as ArcGIS Explorer.  This can save resources required to license and maintain databases in the RFCs;

· Users don't have to install any specialized software on their local system to generate flood maps.  They access the application over the Internet using a web browser.  The application is developed, maintained, updated, and executed on a server in a central location.  This can save resources required to license and maintain application software in the RFCs.

· ArcGIS Server also provides a framework for developing and deploying web application using .net or Java;

If automatic creation of cross sections is necessary, we recommend that NWS port the code that creates the section lines in FLDVIEW from Avenue to the .net environment, and implement the tool as an ArcMap extension.  The same approach should be applied to the code that generates the cross section lines in FLDXS. Once stable in the desktop environment, these modules can also be ported to a server.  In a server environment the application is maintained in a single, central location and the functionality is accessed by end users remotely over the LAN or the Internet using any platform since the application runs in a browser. 

FLDVIEW cannot be made readily available for LINUX in its current form.  It can of course be coded to perform under LINUX, at considerable expense.  A PC-LINUX emulator is unlikely to be reliable in an operational context, especially given some of the issues with the code in its current form.

In conclusion, this evaluation has identified that the main goal of the FLDVIEW project is also its greatest limitation. By developing a tool that is very easy to use, the necessary automation of critical tasks (specifically the definition of section lines that ultimately define the inundation surface) means the mapping process is not commensurate with the careful hydraulic modeling process that feeds it. In contrast, HEC-GeoRAS embeds hydraulic expertise from the outset and carries through a spatially explicit representation of that knowledge from hydraulic model set-up through to inundation map completion. The result is a more scientifically defensible inundation surface, and tools and data to further validate and refine the process. We thus recommend that when FLDVIEW is ported to ArcGIS or an ArcServer application, it be fully developed to incorporate a pre-processing element that links the inundation mapping process more concretely to the hydraulic modeling itself. Alternatively, NWS should begin to evaluate existing hydraulic model GIS pre- and post-processors to identify which one most fully supports future hydraulic modeling and real-time flood forecast mapping strategies.
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G. Summary Tables for NWS Pilot Projects

	Projects
	Vertical

Datum used
	System requirements  
	Indicate any problem you have experienced
	Verification using observations

	Red
	1929 and 1988 
	Current AWIPS with FLDWAV, plus Windows with ArcView 
	The ArcView is taking a long time to run,  license limits.  Need faster computer and more hard drive space. FLDWAV mapping options do not work the way given in the limited manual.  Services has been contacted and local patches are in place. 
	1997 and 2001 

	Susquehanna
	Not known
	All works on AWIPS platforms; requires HP-UX workstations and UNIX ArcView 
	Highly complicated procedure requires routine interaction to maintain familiarity; without extensive local development, no automation of process would exist; training is needed; builds periodically upset delicate system balance. 
	Limited

	Tar
	NGVD88

In FLDWAV assumed in GIS
	 PC outside AWIPS

firewall running  ArcGIS

version 9.x Generating

static images and using

java script web pages to

Illustrate animation of

flood layers.
	Passing maps and data across LDAP server via FTP and updating web pages is inefficient .

Long time needed to set up flood wave and inundation mapping.  Has been a black box since (ML)
	No horizontal 

Verification of

Inundation in

Recent floods.

Some verification

done viewing 

floodwave vs.
hydrologic model. 

	St. Johns
	NGVD29 in floodwave assumed in gis 
	Same as above
	Long time needed to set up flood wave and inundation mapping.  Has been a black box since (ML)
	NO
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flood layers.
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Long time needed to set up flood wave and inundation mapping.  Has been a black box since (ML)
	No horizontal 

Verification of

Inundation in

Recent floods.

Some verification

done viewing 

floodwave vs

hydrologic model. 

	St. Johns
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	Long time needed to set up flood wave and inundation mapping.  Has been a black box since (ML)
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	St. Johns
	NGVD29 in floodwave assumed in gis 
	Same as above
	Long time needed to set up flood wave and inundation mapping.  Has been a black box since (ML)
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	Projects
	Is your process automated?
	Comments

	Red
	NO


	The forecaster has to run the FLDWAV model and then a script to send the resulting data thru the AWIPS firewall after it has post-processed the data to account for FLDWAV output limitations.  Then on the Windows side, run a couple of batch jobs to create the shape files, review them

and then send them. 

	Susquehanna
	YES
	Lots of locally developed tools to allow automation 

	Tar
	Somewhat….

GUI is used to perform

generation in 5 steps. 
	There is still a manual component unless Mark Love has programmed this to be fully automated.  When delivered to SERFC the mapping system had a manual component….Mostly moving files around to put in the right place and making sure mapping process runs.  The process is initiated manually though. 

Since this has been a black box process since its roll out in ’04 not much (if any) time has been spent to verify the output here at the SERFC (ML)

	St. Johns
	Somewhat. User executes bat files to launch and send data. 
	Since much of the development both floodwave and IMS work has been preformed in DC, we have for the most part just set up scripts to execute the needed programs with little additional analysis. 


	Projects
	Is your process automated?
	Comments

	Red
	NO


	The forecaster has to run the FLDWAV model and then a script to send the resulting data thru the AWIPS firewall after it has post-processed the data to account for FLDWAV output limitations.  Then on the Windows side, run a couple of batch jobs to create the shape files, review them

and then send them. 

	Susquehanna
	YES
	Lots of locally developed tools to allow automation 

	Tar
	Somewhat….

GUI is used to perform

generation in 5 steps. 
	There is still a manual component unless Mark Love has programmed this to be fully automated.  When delivered to SERFC the mapping system had a manual component….Mostly moving files around to put in the right place and making sure mapping process runs.  The process is initiated manually though. 

Since this has been a black box process since its roll out in ’04 not much (if any) time has been spent to verify the output here at the SERFC (ML)

	St. Johns
	Somewhat. User executes bat files to launch and send data. 
	Since much of the development both floodwave and IMS work has been preformed in DC, we have for the most part just set up scripts to execute the needed programs with little additional analysis. 


	Projects
	What queries do you have now?
	How often are maps updated?
	How far do your maps go into the future? 24 hours, 2 days, 5 days ?
	 Do you have display only present (P), or past, present, future (PPF)?

	Red
	 House number, street
	Once location is forecasted to reach or exceed flood stage, an AM forecast is made.  It will be updated in the PM only if needed.
	7 days
	 This part is under study by the local interest.  Currently present and the historical 1997 event. 

	Susquehanna
	Peak fcst heights (determ and prob); some historical levels; rivers and streams; roads; railways; aerial photos 
	Once daily (forecasts only) 
	5 days deterministic and 7 days probabilistic 
	Only layer is peak in forecast period, other than some historical analyses at some locations 

	Tar
	No queries 

none 
	Every 6 hours during flood conditions.

High flow only, once a day 
	72 hours (3 days) 

6hourly out 3 days. 
	Current time is 0 first forecast time is 6 hrs….forecasts at 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, and 72  also peak inundation is also created from FLDWAV output .Future

	St. Johns
	none 
	Once a day 
	Peak inundation. 
	Future


H. Request for Information (RFI)

H.1 RFI Document

Request for Information

Sources and Information Sought: Traditionally the National Weather Service (NWS) provides forecasts of river stages on our Nation’s rivers and streams in textual format, or with graphics showing river heights versus time (hydrographs). To improve services to the people of the United States of America, the National Oceanic and Atmospheric Administration’s (NOAA) National Weather Service (NWS), Office of Hydrologic Development (OHD) and River Forecast Centers (RFCs) have developed prototype flood forecast maps using geoprocessing software to produce GIS shapefiles or images.  The shapefiles or images display an expected flood extent based on forecast water surface profiles as simulated by the NWS hydraulic model FLDWAV. Deterministic or probabilistic based flood forecast files can be produced every 6 hours on a daily basis, several times per day. The spatial extent of the shapefiles/images focuses on certain portions along selected rivers within the United States of America and its Territories where hydraulic modeling has been developed and the appropriate detailed topographic data is available.

The National Weather Service (NWS), Office of Hydrologic Development (OHD) seeks sources and information about how this new type of image based flood forecast showing flood extent could be brought to the general public in an efficient manner.  Submissions shall address one or several of the following salient topics:

1) Express a business interest in creating, storing and/or distributing flood forecast shapefiles/images and/or in using flood forecast shapefiles/images.

2) Provide (technical) information and sources regarding creation, storage and/or distribution of flood forecast shapefiles/images and/or on potential uses of flood forecast shapefiles/images.

3) Provide information on options for:

a) Nature of the shapefiles/images delivered by the Government, whether it should be in interim or final display formats including whether the images should be pre-generated and stored or generated on the fly.

b) Whether or not the Government should provide shapefiles/images to a third party who would then distribute to the public.

c) Scale and costs of infrastructure for these services

4) Interest in collaborations with the National Weather Service to publish flood forecast shapefiles/images and/or to use flood forecast shapefiles/images.

Vendors who believe that they can meet one or some of the requirements are required to submit in writing an affirmative response demonstrating they can meet the Government's requirements.  All written responses must include a written narrative statement of capability, including detailed (technical) information and other (technical) literature demonstrating the ability to meet the above requirements.  The response must be sufficient to permit agency analysis to establish a bona fide capability to meet the requirements.  Affirmative written responses must be received by January 31, 2007. This is not a request for proposal but rather a vehicle for obtaining information.  The Government will not incur any cost as a result of this announcement.

HG.2. RFI Response (RFIR) Evaluation Criteria
R-TIME team evaluation of RFIR’s is aimed at summarizing and discussing information contained within RFIR’s. Summaries of recommended strategies (and related technical issues) for creating, storing and/or distributing flood forecast shapefiles/images can then be used to evaluate private sector capabilities to assist NWS OHD with real time mapping. Questions are designed so that individual reviewers can enter information on suggested approaches, as well as whether or not the Government should/could provide shapefiles/images to a third party who would then distribute to the public, including estimated scale and costs where this information has been provided. Additional information from R-TIME team members involved in recent evaluations of real time flood mapping prototype projects on the Red, Susquehanna, Tar and St. Johns Rivers is encouraged. 

RFIR Company/Team Name:
e.g. “ACEM mapping Co.”
RFIR Company/Team Location: e.g. Atlanta Georgia

RFIR Company/Team Contact: e.g. Joe Bloggs; ph: 213 777 4545; bloggs@acem.com

1.
User Needs – What are the user requirements for real time flood forecast maps across the country?

Did the RFIR response contain any information regarding user needs, including data access, timing requirements, map format etc? If so, summarize these:

Was there any indication of the type of user (insurance, emergency management etc)?:

Is there any variation in user needs based on regional variability (varying physiographic/socio-economic conditions, etc.)? Summarize these:

What do you suggest might be an appropriate strategy for surveying user needs (e.g. RFCs, Association of State Floodplain Managers ASFM – www.floods.org  etc.)?

2. Flood Map Dissemination Methods

Did the RFIR response suggest or compare and contrast alternative mapping strategies for delivery of real time maps (e.g. map indexing versus operational real time)?

If so, what are the suggested pro’s and con’s of alternatives mentioned in the RFIR ?:

3.
Creating Flood Mapping Products - Technical Issues 

Did the response mention/discuss technical issues associated with reliably coupling hydraulic models such as FLDWAV and HEC-RAS with GIS in a real time operational system?

If so, what issues concerns were raised regarding the ability to reliably link a hydraulic model and GIS?:

Were specific GIS tools (e.g. FLDWAV/HEC-GeoRAS) discussed or compared with one another? Summarize these:

If so, were any specific recommendations made regarding the selection of one versus another? Summarize these:

What approach(es) (work flows) to generating flood inundation surfaces were described? Were any specific recommendations regarding work flow made?:

Was terrain modeling of the channel and floodplain discussed?:
If so, what details regarding the importance of various terrain modeling approaches were provided?:

What suggestions/potential solutions did the RFIR provide on how to develop operational systems that may have to handle relatively low spatial and vertical resolution terrain data in one region (e.g. NHD), and high spatial and vertical resolution terrain data in another (e.g. LiDAR)?:

What information was provided regarding the interpolation of water surfaces (potential for different/variable quality surfaces using different interpolation approaches/different data etc)?
3. Creating Flood Mapping Products – Dissemination Issues

Did the RFIR contain information/discuss on how the private sector company/team would collaborate with NWS OHD? Describe:

Did the RFIR contain information/discuss on how the private sector company/team would handle images/shapefiles? Describe:

Is there a preference for images versus shapefiles, and if so, why?:

Did the RFIR contain detailed information on map dissemination strategies? Summarize these:

Did the RFIR contain information on dollar costs for handling the geospatial data (images versus shapefiles?), storage of data (images versus shapefiles?), and map dissemination strategies? Summarize these costs and provide units where provided (e.g. $ per Terrabyte):

4. Mapping Opportunities

A real time mapping program may provide NWS OHD/RFCs opportunities to deliver very high value products which incorporate value added products/capabilities.

Did the RFIR discuss probabilistic mapping approaches and/or methods for embodying uncertainty into real time flood forecast map products? Please elucidate any suggestions made for dealing with real time mapping of a probabilistic forecast and/or incorporating any of the following:

Hydrometeorologic Uncertainty

Hydrologic Uncertainty

Hydraulic Modeling Uncertainty

Topographic Uncertainty

Did the RFIR discuss methods/approaches that a user could use to assess real time flood forecast map accuracy (e.g. validation techniques/data)? Summarize these:

Did the RFIR discuss the potential for a real time flood forecast map system to be used in hazard or risk assessment? If so summarize, and highlight any specific mapping or modeling tools that were suggested to facilitate this type of application:
5. Company/Team qualifications for assisting NWS OHD

Did the RFIR provide detailed company/team qualifications?

Is the company/team strongly qualified in Hydrology and Hydraulics, GIS or both?

Does the company/team have experience handling large hydrologic and/or map datasets?

Summarize the company’s/team’s experience (project description and elements most strongly related to the RFI) :

Does the company/team appear to generally have strong corporate capabilities? Elaborate if appropriate:

Did the RFIR acknowledge or cite some of the large and growing literature in the general field of real time flood mapping/GIS in H&H applications?


H.3. RFI Matrix

I. IMS Comparison



for each step in 1..(orderedStep.Count-2)


   av.setStatus(step)


   crossSectionPoint = thePolyLine.Along(orderedStep.Get(step))@0


   for each i in index .. (pointList.Count-1)


     firstPoint = pointList.get(i)


    position = thePolyLine.PointPosition(firstPoint)


    if (position >= orderedStep.Get(step)) then


      index = i -1


      break


    end


  end


  point1 = pointList.Get(index)@0 


  point2 = pointList.Get(index+1)@0


    addedVectors = false


  if ((crossSectionPoint.Distance(point1) <= snapTolerance) and (index <> 0)) then


    crossSectionPoint = point1.Clone


    previousPoint = pointList.Get(index-1)@0


    vector1 = Vector.Difference(previousPoint, point1).Normalize


    vector2 = Vector.Difference(point2, point1).Normalize


   perpendicularVector = vector1 + vector2


   if (perpendicularVector.GetIntensity > 0.001) then


      perpendicularVector.SetIntensity(topWidth.Get(step))


      point3 = point1 + perpendicularVector.AsPointZ


      point4 = point3.Clone


      point4.PolarMove(point1, 180, 0, 0)


      addedVectors = true


    else


      point1 = previousPoint


    end


  elseif ((crossSectionPoint.Distance(point2) <= snapTolerance) and (index < (pointList.Count-2))) then


    crossSectionPoint = point2.Clone


    nextpoint = pointList.Get(index+2)@0


    vector1 = Vector.Difference(nextPoint, point2).Normalize


    vector2 = Vector.Difference(point1, point2).Normalize


    perpendicularVector = vector1 + vector2


    if (perpendicularVector.GetIntensity > 0.001) then


      perpendicularVector.SetIntensity(topWidth.Get(step))


      point3 = point2 + perpendicularVector.AsPointZ


      point4 = point3.Clone


      point4.PolarMove(point2, 180, 0, 0)


      addedVectors = true


    end


  end


  if (not addedVectors) then


    point3 = point1.Clone


    point3.PolarMove(crossSectionPoint, 90, 0, 0)


    vector1 = Vector.Difference(point3, crossSectionPoint)


    vector1.SetIntensity(topWidth.Get(step))


    point3 = crossSectionPoint + vector1.AsPointZ


    point4 = point3.Clone


    point4.PolarMove(crossSectionPoint, 180, 0, 0)


  end


end
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