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1.  Introduction

The purpose of this document is to record the application requirements for the proposed PNW Hydrography Framework Event Management Tools.  These tools are to be a set of shared components to allow for creation, management, and refresh of event data that is referenced to clearinghouse hydrography in the NHD format.
Currently there are two main tools that are under development or available for Framework use in maintaining and creating NHD data: the NHD in GEO edit tool and the Event Maker tool.  The NHD in GEO edit tool, developed by ESRI and the US Forest Service, is designed to edit NHD geometry and attributes.  The Event Maker tool, developed by the US Forest Service, is designed to create events that reference the NHD route system.  The main area of functionality that is not addressed with either of the current tools is the ability to systematically reconcile discrepancies between edited routes and the pre-existing events that reference them.  Existing event data, whether managed by clearinghouse or by external applications, needs to be validated and/or adjusted after edits to clearinghouse routes are made.
The framework partially addressed the issue of event maintenance through the ArcEdit-Based WC-edit tools.  These tools performed some route/event adjustments and QC as part of the edit process.   The basic strategy of those tools was to retain route measures at the extents of edits and re-calibrate measures on edited portions of routes.  This method serves to minimize impacts of geometry edits on events.  The underlying route system becomes increasingly variably calibrated over time as edits are made.  
Under the NHD model, variable calibration of routes is not supported.  New methods need to be employed to keep events synchronized under the NHD model.  Since the route system measures can’t be manipulated to conform to existing events, the event records themselves must be modified to reflect the changes in the route system.  The current Event Maker tool is designed to generate geometry (ESRI feature class) as part of the event record to be stored along with the measures.  Event geometry can be compared to the underlying route system after route system edits are made to determine whether adjustments in the event record are necessary.  In some cases the adjustments can be made automatically.  In other cases manual edits will be required.
2.  System/Application Overview

The Hydro Event Management Tools can be divided into two functional areas: Supervised Edits and Unsupervised Edits.

Supervised edit functions include interactively, adding, deleting, or modifying events.  The existing Event Maker tools would provide a starting point for the supervised edit tools.  Additional requirements for this toolset are detailed in this document.
The Unsupervised Edit functions are intended to provide an automated means of processing event data after geometry edits are made to underlying route system.  The tools should identify affected event records and make automatic adjustments or flag events for supervised edits.  The unsupervised edit tools may also assist in migrating legacy events.
The tools need to work within the context of edit transactions on the clearinghouse data store.  All clearinghouse events must remain coincident with clearinghouse hydrography after an edit transaction.  The tools also need to work in conjunction with refresh of hydrography in applications that use clearinghouse data.  An example edit/refresh cycle might follow these steps:
1) User defines area of interest for edit check-out.

2) User receives data to be edited for area of interest.

3) Geometry and attributes edited using NHD in Geo edit tool.
4) Before check-in occurs, the unsupervised edit tools run to modify clearinghouse events that can be automatically adjusted to match geometry edits.  Events that can’t be adjusted are flagged for edit.
5) Editor completes clearinghouse event maintenance work using supervised edit tools.
6) QC of clearinghouse events and geometry done prior to check-in
7) Check-in of edit transaction to clearinghouse SDE (Geometry and events checked in)
8) Freshly edited geometry downloaded from clearinghouse for refresh of external application’s data (ie. ARIMS, NRIS Water)

9) Unsupervised event editing tools are used to identify non-clearinghouse events that are affected by newly edited clearinghouse hydrography.  Automatic adjustments are made and some events are flagged for manual editing using the supervised edit tools.
10)  Edits are completed on application’s event tables using supervised event editing tools.

3.  Requirements

3.1  General Application Requirements

3.1.1  Development Platform

	Req #
	Requirement

	3.1.1.1
	The event management application will be developed using the Microsoft .NET development framework.

	3.1.1.2
	The event management application will be developed for ArcGIS 9.1.

	3.1.1.3
	The application should be capable of accessing and updating data in either the Personal Geodatabase (ESRI MSAccess) format or through the ESRI SDE middleware for Oracle, Informix, Sql Server, etc.


3.1.2  Design Guidelines
	Req #
	Requirement

	3.1.2.1
	The application(s) will be designed for interagency use and will have a generic interface.

	3.1.2.2
	The application shall be designed so that major functions can be called from other applications without going through the generic GUI.  The goal is to maximize flexibility of use of the application and re-usability of the code.

	3.1.2.3
	The application should minimize the dependence on ESRI ArcGIS extensions, as these extensions may not be available to all of the Framework partners.  *Note:  Geometric Network topology and network solver functions do not require ESRI Network Analyst Extension.  However, ArcInfo or ArcEditor (more expensive than ArcView) is required to create or edit a geometric network.

	3.1.2.4
	Tools should be designed to run in conjunction with other ArcMap applications without conflict

	3.1.2.5
	The application shall support both supervised and unsupervised edits of events.

	3.1.2.6
	The tools should be configurable so that users/data administrators have control over how and when unsupervised event edits take place.

	3.1.2.7
	The application should support any spatial reference (projection) environment. However, the datum must be NAD 83.

	3.1.2.8
	The system shall provide a method to identify the NHD routes that comprise an entire stream (LLID).  Each routes in NHD flowline table will be assigned an LLID.  The LLID assignment will be stored in a related table that will be kept up-to-date as edits are made to hydrography.


3.1.3 Event Data

	Req #
	Requirement

	3.1.3.1
	Event Management tools will support both point and line events.

	3.1.3.2
	Event Management tools will support both multi-route and single-route events.

(See appendix A for details.)

	3.1.3.3
	Events records will store both geometry and route measures. 

	3.1.3.4
	Events will be stored in two related tables, one with the event geometry and attributes and another related table with all route identifiers and measures spanned by the event.

	3.1.3.5
	Event geometry and measures must remain coincident with features in the NHD Flowline featureclass.  

	3.1.3.6
	The application will use the network solver
 to assist in geometry selection for creation/edit of events. (Network topology must be built in order to use network solver functions.)

	3.1.3.7
	The application shall provide the ability to store and differentiate between the following types of events:

· Location-based events: Defined by an absolute geographic location. (Example: Events established through direct GPS locations or digitized from imagery)
· Continuous Events:  These are linear events that always reference an entire route and point events that are tied to the beginning or end of a route. (Example: Point event tied to confluence, linear event that is always applied continuously over entire route.)  

	3.1.3.8
	A standard structure will be enforced for certain fields in event tables that are to work with the tools.  Among those fields are route identifier, measures, and event type.

	3.1.3.9
	Functions related to measure recording will only operate using the standard data element definition for measure fields.

	3.1.3.10
	The system shall provide a method to identify events’ real linear distance from the beginning of a whole stream.  


3.2  Supervised Event Edits

Supervised Edits is the manual creation, update and deleting of event data. This toolset would be run in ArcMap by any number of different types of editors (GIS Specialists, Resource Specialists, etc). This toolset would also be used to update those records that could not be automatically synchronized by the Unsupervised Edits tool.

3.2.1  General Supervised Edit Requirements

	Req #
	Requirement

	3.2.1.1
	System shall provide the ability for the user to define a snap theme. A snap theme is a reference layer that the user may snap event endpoints to.


3.2.2  Event Creation

	Req #
	Requirement

	3.2.2.1
	Event creation should support all of the functionality currently available in the NRIS Event Maker application. 

	3.2.2.2
	The application will not include custom attribute editing tools.  Attributing of event data will occur using the standard ArcMap tools for attribute editing.  

	3.2.2.3
	User should be able to create a point event by clicking at a location on a stream route.

	3.2.2.4
	User should be able to create a linear event by clicking at a downstream and an upstream point.

	3.2.2.5
	User should be able to create a new event record by copying an existing event record of the same geometric type.

	3.2.2.6
	The application shall provide a tool that will create linear events based on a field measured distance from a user-defined point. The user defined reference point may or may not be on the same route.

	3.2.2.7
	The application shall provide a tool that will create new location-based point events by copying multiple features from an existing point featureclass. (Import Point Events).

	3.2.2.8
	The application shall provide a tool that will create upstream linear events automatically from a user defined point. (Trace Upstream – Single Path).

	3.2.2.9
	The application shall provide a tool that will automatically create upstream linear events for all streams that occur upstream from a user-defined point. (Trace Upstream – Multi Path).

	3.2.2.10
	The application shall provide a tool that will create downstream linear events automatically from a user-defined point. (Trace downstream – Single Path)

	3.2.2.11
	Users should be given the option to snap the location of a new point event to the end of a stream.

	3.2.2.12
	Users should be given the option to snap the location of a new point event to the nearest stream junction
.

	3.2.2.13
	Users should be given the option to snap the location of a new point event to the features of a snap theme.

	3.2.2.14
	Users should be given the option to snap the downstream and/or upstream endpoints of a new linear event to the end of a stream.

	3.2.2.15
	Users should be given the option to snap the downstream and/or upstream endpoints of a new linear event to the nearest stream junction.

	3.2.2.16
	Users should be given the option to snap the downstream and/or upstream endpoints of a new linear event to the features of a snap theme.

	3.2.2.17
	Users should be given the option to snap the downstream and/or upstream endpoints of a new linear event to the endpoints of existing features in the same event featureclass. Example: Snap the downstream endpoint of a new Stream Order record to the upstream endpoint of the nearest downstream feature. This is an important tool for creating continuous event datasets with no gaps and overlaps. 

	3.2.2.18
	Users should be given the option to snap the downstream and/or upstream endpoints of a new linear event to the features of a snap theme.


3.2.3  Event Update

	Req #
	Requirement

	3.2.3.1
	The application shall provide the ability to update the location of point events by clicking at a point along a stream.

	3.2.3.2
	The application shall provide the ability to update the location of the downstream endpoint, upstream endpoint, or both endpoints for linear events by clicking at one or more points along a stream.

	3.2.3.3
	The application shall automatically update route identifier, measure fields, and event geometry when event records are modified.

	3.2.3.4
	Users should be given the option to snap the location of an existing point event to the end of a stream.

	3.2.3.5
	Users should be given the option to snap the location of an existing point event to the nearest stream junction.

	3.2.3.6
	Users should be given the option to snap the location of an existing point event to the features of a snap theme.

	3.2.3.7
	Users should be given the option to snap the downstream and/or upstream endpoints of an existing linear event to the end of a stream.

	3.2.3.8
	Users should be given the option to snap the downstream and/or upstream endpoints of an existing linear event to the nearest stream junction.

	3.2.3.9
	Users should be given the option to snap the downstream and/or upstream endpoints of an existing linear event to the features of a snap theme.

	3.2.3.10
	Users should be given the option to snap the downstream and/or upstream endpoints of an existing linear event to the endpoints of existing features in the same event featureclass. Example: Snap the downstream endpoint of a Stream Order record to the upstream endpoint of the nearest downstream feature. This is an important tool for creating continuous event datasets with no gaps and overlaps. 


3.2.4  Event Delete

	Req #
	Requirement

	3.2.4.1
	The application shall provide the ability to easily delete event data.


3.3  Unsupervised Edits

These tools are to be designed to run after hydrography updates at the agency/corporate level as a database maintenance task to process events affected by updates in underlying hydrography.  For more information on the types of hydrography geometry edits that may occur, see section 3.1 of this document.
3.3.1  General Requirements

	Req #
	Requirement

	3.3.1.1
	The unsupervised edit tools should be easily configurable to allow users full control over which event tables and event types are automatically processed.

	3.3.1.2
	The application should provide three levels of action for event processing. 

These levels are: 

Automated Event Synchronization – all records in the event featureclass will be automatically synchronized.

Flag Only – records impacted by an NHDFlowline edit with be flagged so that a user may follow up with a supervised edit.

No action – the application does not provide any action. The event records are not adjusted and they are not flagged.

	3.3.1.3
	The application should allow users to flag individual records as “to be migrated”. These legacy records should be automatically adjusted or flagged as “update needed” during an event synchronization session.  This function could be used to assist in migration of legacy events.  Follow up Needed: Discussion needed on overlap between event migration and event management. 

	3.3.1.4
	The unsupervised edits tool should support running in ArcCatalog on an entire featureclass or in ArcMap on a selected set of records/entire featureclass.


3.3.2  Determining if Edits are Needed

	Req #
	Requirement

	3.3.2.1
	The application will determine if Events need to be updated or deleted based on modifications to the geometry of features in the NHDFlowline featureclass. Changes to the NHDFlowline featureclass are recorded in the NHD feature level metadata tables.

	3.3.2.2
	The application will update events based on the rules/logic outlined in the Hydrographic Edit Scenarios section of this document.


3.3.3  Comparison Rules and Tolerances

	Req #
	Requirement

	3.3.3.1
	The application shall support the definition of a location tolerance that would trigger an event update.

	3.3.3.2
	The application shall provide a default tolerance; however, the application shall support adjustment of this tolerance at the agency level.

	3.3.3.3
	Tolerances should not be so small that minor shifts would result in a large scale event update. An example of a minor shift would be the small shift that occurs after a re-projection.

Follow up needed: Testing is needed to determine tolerances.


3.3.4  Record Flagging

	Req #
	Requirement

	3.3.4.1
	Events that are edited in an unsupervised edit session should be flagged as edited by the application.

	3.3.4.2
	Events that are affected by edits to geometry should be flagged regardless of whether they can be automatically adjusted.


3.3.5  Event Update

	Req #
	Requirement

	3.3.5.1
	Location based events should be automatically adjusted if their endpoints fall within the snap tolerance to the NHDFlowline featureclass. 

	3.3.5.2
	Location based events that need to be updated, but do not fall within the snap tolerance should be flagged for a user to perform a supervised edit.


3.3.6  Event Delete

	Req #
	Requirement

	3.3.6.1
	When a stream route is deleted, the application should delete all event data that is associated to that stream route.

	3.3.6.2
	Prior to deleting records, the event synchronization process should copy the records to a separate “deleted events” featureclass.


3.4  Design Modification

During application development, implementation of the requirements associated with Event Synchronization became problematic. As a result, the partners agreed to a scope change in the tools. This change is documented below.

From the 9/15 “Event Management Tools Unsupervised Edits – Module Modification” document: 

Below is a description of an alternative solution to synchronizing event data that is more user interactive.  This is intended as a replacement of the automated Event Unsupervised Edits module of the Event Management Tools. 

The graphic below shows an example of an edit to an NHDFlowline record. In this edit scenario, all of the event records displayed would possibly need to be synchronized to the edited feature. In the case of Events A and E, the From- and To-Reach Codes and Measures may need to be refreshed. For Events B, C, and D, the geometry of the events, and the From- and To-Reach Codes, and Measures would need to be refreshed.

A requirement was suggested to allow the user to manually adjust multiple overlapping event records at the same time. This was given some consideration and at this time the complexity of updating multiple event records with differing endpoints using the existing update event record tool does not appear feasible.

While at this time it does not appear possible to create a “shared edit” tool for event data, there is an alternate development option that will reduce the amount of hand-editing a user will need to perform. For the purposes of this document, that functionality is being referred to as “Auto-Matching”. 

Below the steps are listed that describe what order of actions needed by the user and how the application will respond.  Application: indicates actions that performed by the tools. User: indicates actions performed by the editor.  The examples are written as linear events; however, point events would follow a similar – albeit simpler – process.
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Figure: Hypothetical Edit Scenario. (Note: Event data has been offset from the Flowline feature for display purposes.)

Step 1: Activate Tool

User:  

Clicks button on the HEM ArcMap toolbar.

Application:
Instantiates the user dialog for the tool and fires the Flowline change module.

Step 2: Detect Hydrographic Changes and Find Records to Fix

Application:
For a selected set of event records, if the ReachCode(s) that the event record references has been modified or deleted, then the event record is added to a set of records to be edited.  Modification information is determined by entries in the NHDMetadata table and the ProcessDate of the metadata record is compared to the synchronization date field on the event record.

Application:
User Interface opens with the selected set of event records that need to be synchronized.
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Figure: Mock-up of user interface for synchronizing events.

Issues:

A field needs to be added to the standard event table structure that records when a record was last synchronized to the NHDFlowline. This field will be updated whenever a record is updated by the Event Management Tools.

Step 3:  Zoom to Record

User:  

Selects one or more event records in the user interface and then clicks the Zoom to Record button.

Application:
Zooms the map display to the extent of the selected event record(s).

Step 4:  Auto-Match

Auto-match is a process for attempting to automatically update event records where possible. 

User:  

Selects one or more event records in the user interface and then clicks the Auto-Match button.

Application:
For each selected event record - 

· Get the end points of the event record.

· Locate the endpoints on the NHDFlowline featureclass.

· If the Reach Code for the nearest NHDFlowline feature matches the value that is referenced in the Reach Code attribute for the event record, the application will consider the event record “matched.”

· If the record is matched, then the status will be changed to “Matched”.

· If the application is unable to auto-match the record, then the status will be changed to “Unable to Match”.

Step 5: Manually Adjust Records

Manual Adjustment is where the user manually fixes event records where it is not possible to automatically fix them.

User:  

Selects one of the “Unable to Match” records.

User:  

Clicks the Edit Points button. 

Application:
Activates an end point editing tool.

User:  

Using the end point editing tool, the user manually places the endpoints at the desired location along a Flowline feature.

User:  

Once endpoints have been adjusted, user can click the Preview Trace button. 

Application:
Solves the path between the two endpoints. If the trace between the two points is successful, then the status will change to “Matched”.

User:  

If the approves the preview feature, then they would continue to the next steps. If they do not approve the preview feature, then they would repeat the steps for moving the endpoints. Barriers could be used at this point to direct the path of the trace.
Step 6:  Accept Match

Accepting the match completes the synchronization of the record. 

User:  

Selects one or more event records in the user interface and then clicks the Accept Match button. If the user does not select records, the application will not update the records.

Application:
For each selected event record – 

If the status is “Matched” then – 

· Update the geometry for the feature.

· Update the event reach code and measure attributes.

· Remove the event record from the list of events in the user interface.

If the status is equal to “Un-matched”

· Record will be skipped.

User:  

Saves edits.

Potential Issues:

Events may be refreshed that may not need to be. The edit on the Reach may not impact the geometry of the event record. However, it might appear that edits would not impact an event record, but the measures or reach code might have changed. 

Step 7:  Check Continuous Events

For continuous event data, the Check Continuous Event Data tool should be run when this process is completed. This should be addressed in the application user guide.

4.  Use-cases and User-Scenarios

4.1  Hydrography Edit Scenarios

The following represent the common hydrography edit scenarios that were identified by the event management user requirements group.  The Event Management – Unsupervised Edits requirements will need to address how the tools will react to each of the edit scenarios listed below.

· Move tributary junction
· Move the mouth of a creek
· On ocean
· On lake
· Reshape route
· On a single route
· On multiple routes
· Extend route
· Shorten route
· Add new routes
· Delete existing routes
· Add side channel
· Delete side channel
· Change path
· Complex Edit 
· The combination of two or more edit actions to result in a complex, multi-step edit.
· Change flow direction
The edits to geometry are conducted through the NHD in GEO edit tool.  Adjustments to events can be made after geometry edits are complete.   The way that events are dealt with depends on the intention of the geometry edit, the type of event, and the post-edit relationship between the event geometry and the underlying route system.   
The following table breaks down the post-edit event scenarios and suggests an action for the affected events. 
	Event-Route relationship (Post-Edit)
	Event Type
	Edit Purpose
	Action
	Issues

	Endpoints of event geometry still lie on route. (See Figure A)
	Field-measure based events (Based on linear distance from field survey reference point) 
	Accuracy Update (Improved representation of same feature)
	Re-create event geometry based on field-based linear measure from field survey reference point. X,Y coordinates of event geometry endpoints will change. Update NHD route measures in event record.
	Requires Maintenance of a field survey reference point in the event table.

	
	
	Physical Change (Actual shape of feature changes due to flood event, etc.)
	Supervised Edit Required
	

	
	Fixed Location (GPS, Heads up digitized, or other fixed geographic location)
	Accuracy Update (Improved representation of same feature)
	Keep X,Y coordinates of event geometry endpoints.  Re-create event geometry based on route geometry between endpoints.  Update NHD route measures in event record.
	

	
	
	Physical Change
	Supervised Edit Required
	

	
	Continuous Events (Events that always occur on full length of route)
	Accuracy Update (Improved representation of same feature)
	Re-create event geometry from beginning to end of route.
	

	
	
	Physical Change
	Supervised Edit Required
	

	Upstream end of Event Geometry is off route and downstream end is on route. (See Figure B)
	Field measure
	Accuracy Update (Improved representation of same feature)
	Check to see if event geometry can be re-created with field-based measures from reference point.  If insufficient length is available then flag for supervised edit.
	If field survey reference point is off route or route is shortened to length smaller than event then supervised edit is required.

	
	
	Physical Change
	Supervised Edit Required
	

	
	Continuous Events
	Accuracy Update (Improved representation of same feature)
	Re-create event geometry from beginning to end of route
	

	
	
	Physical Change 
	Supervised Edit Required
	

	
	Location based
	Accuracy Update (Improved representation of same feature)
	If upstream endpoint of event geometry lies within snap tolerance of edited route then snap to route and re-create geometry and measures.  Otherwise flag for supervised edit.
	

	
	
	Physical Change 
	Supervised Edit Required
	

	Downstream end of Event Geometry is off route and upstream end is on route. (See Figure C)
	Field measure
	Accuracy Update (Improved representation of same feature)
	Check to see if event geometry can be re-created with field-based measures from reference point.  If insufficient length is available then flag for supervised edit.
	If field survey reference point is off route or route is shortened to length smaller than event then supervised edit is required.

	
	
	Physical Change
	Supervised Edit Required
	

	
	Continuous Events
	Accuracy Update (Improved representation of same feature)
	Re-create event geometry from beginning to end of route
	

	
	
	Physical Change
	Supervised Edit Required
	

	
	Location Based
	Accuracy Update (Improved representation of same feature)
	If downstream endpoint of event geometry lies within snap tolerance of edited route then snap to route and re-create geometry and measures.  Otherwise flag for supervised edit.
	

	
	
	Physical Change
	Supervised Edit Required
	

	Both endpoints of Event Geometry are off route and route was not deleted. (See Figure D)
	Field measure
	Accuracy Update (Improved representation of same feature)
	Re-create event based on field measures from reference point.
	If field survey reference point is off route or route is shortened to length smaller than event then supervised edit is required.

	
	
	Physical Change
	Supervised Edit Required
	

	
	Continuous Events
	Accuracy Update (Improved representation of same feature)
	Re-create event geometry from beginning to end of route
	

	
	
	Physical Change
	Supervised Edit Required
	

	
	Location Based
	Accuracy Update (Improved representation of same feature)
	If endpoints of event geometry lie within snap tolerance of edited route then snap to route and re-create geometry and measures.  Otherwise flag for supervised edit.
	

	
	
	Physical Change
	Supervised Edit Required
	


4.2  Event Scenario Figures 
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5.  Implementation Notes

None at this time.
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Appendix A:  Multi-Route vs. Single Route Event Issue

A.1  Background
NHD routes often run confluence to confluence rather than over entire length of a stream or river. Consequently, events under the NHD model are more likely to span multiple routes.  Currently, clearinghouse events are stored so that one event record refers to a measured extent on one route.  (See Fig. A1).  Notice in Fig A2 Format 1 that the event that was stored under LLID as one record would have to be split into multiple records in order to store all the routes and measures that the event might span on the NHD route system.

The current Event Maker tool offers an event structure similar to that in Fig A2 Format 2.  The begin route id and end route id are stored in the event record.  Route identifiers and measures in the middle portions of the multi-route event would not be explicitly stored in the event record.

A.2  Issue
The storage format of event records has an impact on ease of user interaction, application performance, maintenance overhead, ease of event migration from LLID, and ability to analyze event data.  Both formats offer certain advantages.
Format 1 (Single Route Event Records):  This the standard format for linear events in most GIS systems (ArcGIS, ArcInfo, Oracle Spatial, etc,). Provides structure compatible with standard linear referencing functions.  (Event Overlay, Dissolve Events, etc.)  No dependence on network topology to find “in-between” routes. All routes and measures stored explicitly.
Format 2 (Multi Route Event Records):  Provides simplicity in multi-route event creation, avoids redundancy in attribute storage, provides better support for migration of LLID based events which are likely to span multiple NHD routes,  should improve display performance since event geometry is stored.

A.3  A Proposed Solution
A proposed solution is to use a hybrid of the Multi-Route and Single-Route Event solutions.  Under the proposed solution, events would be stored in two related tables. The first table would be a featureclass that employs the Multi-Route Event Record structure.  Records would have geometry and the other attributes that the users would want to maintain for the data.  The related table would explicitly store the route identifiers and measures for the individual segments of the Multi-Route Event record. (See Fig. A3).  Entries in related table would be maintained by the edit tools and values populated during the edit session.  A simple join of the two tables results in a structure that is compatible with standard linear referencing functions and suitable for export to other systems.
Pros & Cons

	Pros
	Cons

	Linear event records that can span multiple routes.
	Additional overhead of maintaining both tables would need to be incorporated into the Event Management tools.

	Multi-route events would allow for easier migration of existing event data.
	

	Data can be easily joined to produce a single-route event table format suitable for use with basic linear referencing tools (Event Overlay, etc)
	

	Reduces dependence on network topology for implied route/measure information.
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Figure 1:  Example event under (LLID) system.

Event occurs on single route. (LLID based events are stored as Single Route 

Event Records.)
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Format 2: (Multi-Route Event Record) Just store begin and end points of event.  Network trace could 

solve path and identify participating routes (The participation of Route #3 is implied)

Event A

Figure 2: Event A on NHD Route System
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Format 1: (Single Route Event Records) Explicitly store each route and 

measures for event. 

Basic storage formats for events under NHD.
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Store multi-route event records as one record with one geometry.

Store explicit route and measure info in related table.



Appendix B:  Whole Stream Identifier Issue
B.1 Background
Under the current PNW Hydro Framework clearinghouse data model, whole streams are identified with a single LLID.  A whole stream is represented by a single route beginning at a measure of zero and ending with a linear measure representing the length of the stream.  Current clearinghouse events reference the LLID route system.

NHD Flowlines usually run confluence to confluence and represent a segment of a whole stream.  The measures on each segment generally run from 0 to 100 percent.  The length of the segment is stored as a calculated field. NHD flowline records can be associated with a stream through the GNIS name field in the flowline table.

See Fig B1 for an overview of basic differences in routes and measures between the two systems.

B.2 Issues

Current event management requirements include the following:

· 3.1.2.8 The system shall provide a method to identify the NHD flowlines that comprise a whole stream (LLID).
· 3.1.3.10 The system shall provide a method to identify events’ real linear distance from the beginning of a whole stream.

Some of the reasons cited for these requirements include:

· LLID familiarity – ability to easily communicate and share information with partner agencies and the public.

· Easier to use linear measure on whole stream than to interpret percentage on segment of whole stream.

· Ability to work with event data in a tabular format.

· Ease of event data migration.

· Agencies have investments in systems that use LLID and may not have funding for conversion of applications.

The requirements need clarification.  Questions that need to be addressed include:

1) At what points during workflow do the whole stream identifier and measures need to be known, reported, or edited? (E.g. During Hydrography editing?, Event creation?, Event editing?, Event analysis/QC?, In reporting?)

2) Should LLID be the whole stream identifier?

3) Does whole stream need to remain coincident with stream level/order?

4) Will it suffice for linear measures referencing whole stream to be derivable based on calculations or is maintenance of a whole-stream route system necessary?

5) Can we assume that event management tools will function with NHD-based events only?

B.3 Solution Options
	
	Option
	Description
	Pros
	Cons

	LLID Relate Options
	Cross Table (NHD Flowline & LLID)
	A table that relates to the NHDFlowline featureclass. Provides a mechanism to relate an NHDFlowline record to its known LLID value. Allows for the grouping of NHDFlowline records by LLID.
	Provides the ability to group NHDFlowline records by an LLID value to meet the whole stream identifier requirement.


	Does not provide a measured end-product.

	
	LLID Attribute on NHD
	Add a LLID attribute to the NHDFlowline featureclass.
	Provides the ability to group NHDFlowline records by an LLID value to meet the whole stream identifier requirement.

A relatively simple solution.
	Does not provide a measured end-product.

Requires modification to NHD data structure for regional data store.

Requires stripping this data element before submitting data to the NHD repository.

	
	LLID as an Event Featureclass
	Create a PNWHF Clearinghouse Event Featureclass for LLID.
	Creates a spatial featureclass that contains the LLID information.

Meets the whole stream identifier requirement.


	Does not provide a measured end-product.

Might be difficult to insure proper connectivity if route system needs to be built from events.

	NHD Level Based Streams
	NRIS Method – Generate stream list from NHD flow tables using level assignment.
	This option builds and maintains a table of streams from NHD level values and GNIS names.   Whole Streams correspond to stream level assignment.  (E.g.  Columbia = level 1, Willamette = Level 2)

LLID could become the primary identifier in this type of stream table although some changes from current LLID assignment may be required.


	Insures proper network connectivity and that stream entities are consistent with level assignment in NHD flow table.

Meets the whole stream identifier requirement.


	More complex maintenance because of reliance on derived attributes and network topology.

Might be difficult for less technical users to understand and utilize.

	Whole Stream Route System
	Generate Whole Stream route system for distribution.
	A measured polyline featureclass could be generated from whole stream identifiers stored under any of the above scenarios.

Whole-stream-based route system could be generated and updated as edits take place on NHD geometry.

Measures would be un-calibrated and based on real linear distance along route.


	Provides whole-stream-based measured polyline featureclass. 

Option would provide real linear distance measures along an LLID.

Partner agencies could maintain their existing LLID 

based systems.

Continues to facilitate data partnerships and sharing of information in the PNW.


	More maintenance and storage overhead required to support this option.

Event management tools would not provide support for maintenance of LLID-based events on external applications. (Measures would be un-calibrated so that changes in geometry will affect events that reference the whole stream route system)

Storing LLID (or any whole stream identifier) as a routed featureclass has consequences for the transactional management system.

Each transaction will 'lock down' an area so others cannot check out data from that area.  Having routes based

on whole streams can create really long routes (Columbia, Willamette, etc.) this would then 'lock down' a large area

from other check outs. This includes preventing any checkouts of an area that contains any features that connect

to other checked out streams.
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Figure B1:  LLID and NHD route systems
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B.4 Decisions

· Do not need persistent measures on whole stream. 

· Use LLID as the whole stream identifier. 

· Whole stream identifier does not need to remain coincident with stream level/order. 
· Whole stream measures can be derived.

· A route system is not necessary. 

· Event management tools will function only with NHD-based events.
· Discard NHD level based streams and Whole Stream Route System options based on discussion at this meeting and refinement of the requirements.

· Discard LLID Attribute included in NHDFlowline table option as not desirable due to issues with coordination with USGS and other parts of the US.

· Use option of a cross table (related table between whole stream identifier and NHD).

· New requirement: Must maintain integrity between NHD and Whole Stream Identifier.  This should provide the means, for partners who choose to do so, to create an LLID based route system to assist with their strategic planning for migration to the NHD.   

· New requirement: A mechanism (tool or script) needs to be developed to support the maintenance of the whole stream identifier/LLID table.

Appendix C:  Field-measured events issues
C.1 Background
The requirements document identifies three different types of events: Location-based, Field-measured, and Continuous.

An example of a location-based event would be an event that is digitized from imagery, created from intersection of stream with another feature, based on GPS point, etc. In maintaining the location-based event, priority is given to keeping it’s location as coincident as possible with the geographic coordinates used to create it.   If the stream moves, the location based event only moves if it can snap to the stream based on a set tolerance.

Field-based-measure events cover cases where the intention is to create an event at a field measured linear distance from a confluence or some other survey reference point on the stream.  In theory, these types of events could be managed to maintain the integrity of that field-measured distance from the survey origin.  If the field-measured distance along the stream was 100 meters from confluence to the event then that distance would be maintained even if stream is edited.

See Figs C1 and C2 for comparisons of how location-based vs. field measured events might be treated after two different types of edit.

C.2 Issues
Metadata would have to be stored with events to signify the type of event and how they will be processed when geometry edits take place on the underlying route system.

With field-measured events, the reference point (X,Y) and linear distance from the reference point would also have to be stored.  In some cases, the purpose of geometry edit would need to be known in order to determine correct course of action in event adjustment.  Is the extra data maintenance overhead and application coding worth the extra functionality?

Some questions to consider:

1)  What types of events need to be created and held at field-measured distances from confluences or other reference points?

2)  Are field measures commonly collected?

3)  In which cases would it be inappropriate to hold field-based linear measures for an unsupervised event adjustment?  (E.g. channel geometry change?, routing change through braided stream?.)  Will supervised editing of events be required in all these cases?

4) Are the errors in event adjustment significant enough in most cases to justify differential processing of events depending on event type and purpose of edit?

C.3 Decisions
Decision #1 – The event management unsupervised edit tools do not need to distinguish between field measured events and location based events. It is too costly to develop with an unknown return on investment.

Decision #2 – All event data will be treated as location based events for the purposes of the event management tools. This decision is pending a future discussion on Continuous events. 

Decision #3 – Events that are not able to snap to a route during unsupervised edits will need to be manually edited using the supervised edit tools.

Decision #4 – Events that are adjusted during the unsupervised edit process will be flagged as modified. How should we flag? How much is too much flagging? Can the distance that the event moved be recorded? Flagging will need further discussion to refine the existing requirements.

Decision #5 – The group needs to approve a standard set of required data elements. Agencies who intend to use the Event Management toolset must have their event data conform to this standard.

Decision #6 – For unsupervised edits, when snapping event data to a modified Flowline feature the tool must ensure that it does not accidentally snap the event data to a different Flowline feature.

Decision #7 – A specialized tool is not needed for entering field measured event data. This decision is pending a future discussion on whether the user needs a real linear distance along a stream reported when creating event data.
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Figure C1: Field Measured Events vs Location Based Events
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Figure C2: Field Measured Events vs Location Based Events
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� Network Solver – the ArcGIS mechanism by which networks are traversed.


� Stream Junction – The point of intersection of two or more streams.





16

