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HydroVector Tools

The term HydroVector Tools refers to a set of 8 custom tools created in the Visual Basic programming environment to automate useful tasks within an ArcMap application.  These tools are saved as an Active-X dll (HydroVectorTools.dll) and can be added to an ArcMap document through the customization window in ArcMap.  The tools incorporate additional analysis and computational capabilities relevant to water resources applications into the ArcMap environment.  The dll and all source files used to create the HydroVector Tools can be found at http://www.crwr.utexas.edu/giswr/hydro/index.html.  

1 Installing HydroVector Tools

Before the HydroVector Tools can be used, they must first be installed.  The tools use functionality provided by ESRI’s ApFramework, so if this extension is not present, then it must be installed as well.  With the ApFramework installed, the HydroVector Tools can be added to an ArcMap document like any other custom toolbar.  The procedures of installing the ApFramework and adding the HydroVector Tools toolbar are discussed in this section.

Software requirements:

ArcGIS 8.1 or higher

Necessary Files:
HydroVectorTools.zip (Contains HydroVector Tools dll)

ApFrameworkSetup.zip (Setup files for ApFramework)

These files, as well as all source files used to create the HydroVector Tools, can be found at http://www.ce.utexas.edu/stu/whiteatl/hydrotools.html.  

1.1 ApFramework

The ApFramework is a developer’s tool that contains many useful procedures for handling basic input/output operations.  The HydroVector Tools make use of functionality provided by the ApFramework.  Therefore, the ApFramework must be properly installed in order to use the HydroVector Tools.  

Note that the ApFramework functions independently of the HydroVector Tools, and may already be installed on your system.  You can use the ESRI Component Categories Manager (as shown below) to check for the presence of the ApFramework.  If the ApFramework is already installed, skip to Section 1.2.

To check for the presence of the ApFramework:

· Double click Categories.exe in the arcexe81\bin directory to open the Component Categories Manager.

· Scroll down to ESRI Mx Extensions.


[image: image1.png](3 ESRI M Extensions

el sl w2
& esiCore Editor
B esiCore GNetExension Pzt Usject

B esiCore GSExtension

B esiCore LocatoiEtension
B esiCore RectibEst

B esiCore SAEwension

B esiCore StieetMapExtensian

85 estCore UtitgNetworkénalysis
a5

T Tym—





Figure 1-1 Component Categories Manager

Note:  If ESRI Mx Extensions does not appear as an item in the component categories manager, then the registry must be fixed.  To do so, click OK to close the Component Categories Manager.  Open a DOS session, and navigate to the arcexe81\ArcObjects Developer Kit\Utilities directory.  Then type FixRegistry.exe.  This should fix the registry.  Close the DOS session, run the Component Categories Manager again and proceed as indicated below.

· Click the “+” sign by ESRI Mx Extensions to display the ArcMap extensions.  If the ApFramework has been installed, it will appear in the list as shown below.
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Figure 1-2 ApProgWorkMgr Listed With ArcMap Extensions

If the ApFramework is not listed under ESRI Mx Extensions, then it will have to be installed.

To install the ApFramework:

· Close any instances of ArcMap that may be open.

· Extract the files from ApFrameworkSetup.zip.

· From the extracted files, run Setup.exe.  This will start the setup program which will install the ApFramework.  Once completed, you may open the Component Categories Manager again to see if the ApFramework is listed under ESRI Mx Extensions.

1.2 Installing HydroVector Tools Toolbar
The HydroVector Tools are accessed from a custom toolbar that is added to the ArcMap user-interface.  To install the HydroVector Tools toolbar:

· Extract HydroVectorTools.dll from HydroVectorTools.zip.  

· Open ArcMap.

· Click the Tools menu and then click Customize.  The customization window will open.
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Figure 1-5 Customization Window in ArcMap

· In the customization window, click Add From File.

· Locate HydroVectorTools.dll and click Open.  After a moment, a list of added items will be shown in a popup window.  Click OK to close the window and proceed.
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Figure 1-6 List of Objects Added to ArcMap

· In the customization window under the Toolbars tab, place a check next to HydroVectorTools.  The HydroVector Tools toolbar will appear in the map document.  Click OK to close the customization window.  The HydroVector Tools are now ready for use.
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Figure 1-7 HydroVector Tools Added to ArcMap Toolbar List

2 the HydroVector Tools Toolbar

The HydroVector Tools are packaged as a custom toolbar that is added to the ArcMap user-interface.  This remainder of this text provides a description of each tool, including a step-by-step procedure on how to use the tool.  

Note that all of the tools require the Editor extension to be present.  This extension can be displayed in ArcMap by clicking View->Toolbars->Editor.  Some tools also require the Utility Network Analyst extension, which can also be found in the Toolbars menu.

The HydroVector Tools toolbar contains all of the HydroVector Tools organized into toolbar items and menus.  Once installed, the HydroVector Tools toolbar can be added to an ArcMap document like any other ArcMap toolbar.  See Section 1.2 for the procedure to install the toolbar.

The HydroVector Tools toolbar contains four main items:  An Assign HydroID button, a Network Attributes menu, a Connectivity menu, and a Consolidate Attributes button.  The Network Attributes menu contains tools used for reading and writing attributes related to the geometric network The Connectivity menu contains tools for establishing connectivity between features through the use of attributes.  
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Figure 2-1 HydroVector Tools Toolbar

Each of the buttons on the toolbar can be added individually to the ArcMap user interface through the customization window.  As with all ArcMap command buttons, they can also be grouped into different toolbars with generic ArcMap buttons if so desired.  A table providing a brief description of the purpose of each tool is shown below.  Each of the buttons in HydroVector Tools will be described in the remainder of this text.

	Tool
	Purpose

	Assign HydroID
	Assign HydroIDs to features on the map

	Calculate Downstream Length (edges)
	Calculate downstream length for edges

	Calculate Downstream Length (junctions)
	Calculate downstream length for junctions

	Store Flow Direction
	Store flow direction of edges in table

	Assign Flow Direction
	Assign flow direction to edges

	Find Next Downstream
	Find next downstream junction

	Store Area Outlets
	Find outlets for areas

	Consolidate Attributes
	Consolidate attributes between related features


Table 2-1 Function of HydroVector Tools

3 Assign Hydro ID

This tool assigns HydroIDs to Feature Classes and tables in the current map that have a HydroID field of type Integer.  

3.1 Description

A HydroID is a unique identifier across a geodatabase.  The ID is built from the object class ID of the table or Feature Class and the ObjectID of each row or feature in the table or Feature Class.  The object class ID is a unique identifier for a Feature Class or table in a geodatabase.  The ObjectID is a unique identifier for a row or feature in a table or Feature Class.  Like the ObjectID, the object class ID starts at 1 and increments by 1 with each new class created in the geodatabase.  For instance, if a geodatabase contained three Feature Classes, their object class IDs might be 1,2, and 3, respectively.  

The HydroID is built by concatenating the object class ID and the ObjectID into a single ID.  Because ObjectIDs are unique in a Feature Class or table, and because object class IDs are unique in a geodatabase, the combination of object class ID and ObjectID will be unique across a geodatabase.  The HydroID has the following format:  CC000000, where “CC” represents the object class ID, and “000000” represents the ObjectID.  The format does not support geodatabases with more than 99 Feature Classes and tables.  It also does not support Feature Classes or tables with more than 999,999 records.  

As an example of how a HydroID is created, consider a river feature in a Rivers Feature Class.  The third river (with ObjectID = 3) in the Feature Class (with object class ID = 2) would have a HydroID of 02000003.

The Assign HydroID tool assigns HydroIDs to rows that have a HydroID field of type Integer.  If the HydroID field is not found in the table, the tool skips that table and moves on to the next one.  Note that those Feature Classes and tables that are in the database, but not registered with the geodatabase will always have an object class ID of -1.  If more than one such table or Feature Class exists in a geodatabase, then the HydroID may not be unique across the geodatabase.

The tool can run on a selected set of records or all records.  If no features are selected, the tool runs on all records.  If any features are selected, the tool runs only on the selected records.  

3.2 Beneficial Uses

A unique identifier is useful for a variety of reasons.  In a hydrologic context, a unique ID allows each feature to be treated as an individual component in a hydrologic system.  Each feature can be “connected” to other individual features from any Feature Class through a relationship with the HydroID.  Thus a watershed can contain the HydroID of the edge it drains to, while the edge can contain the HydroID of the junction it flows to, and so on. 

3.3 Limitations

At present, the tool does not allow the user to select which field to assign HydroIDs to.  In order to assign HydroIDs, a field named “HydroID” must appear in the table.  The field type for HydroID must also be of type Integer.  The tool also does not allow the user to choose the format for the HydroID.  There are a number of schemes for applying a unique identifier to features across a geodatabase.  The Assign HydroID tool only uses one of them. 

As stated above, the HydroID format does not support geodatabases with more than 99 Feature Classes and tables.  It also does not support Feature Classes or tables with more than 999,999 records.  

3.4 Using the Assign HydroID Tool

Add all Feature Classes and tables that you want to assign HydroID to, to the ArcMap document.  In the editor toolbar, click Start Editing.  In the HydroVectorTools toolbar, click Assign HydroID.

The tool will work through each Feature Class and table in the map, assigning HydroIDs to records with a HydroID field of type Integer.  You may also select features that you want to assign HydroID to.  The tool will then only assign HydroIDs to selected features.  A progress bar shows the tool’s progress as it assigns IDs.  When the tool is finished, investigate the tables to ensure that HydroID was properly assigned.  If you decide that you do not want HydroIDs, stop the edit session without saving edits.
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Figure 3-1 HydroIDs for Rivers Feature Class

4 Calculate Length Downstream (for edges and junctions)

This tool calculates the length from a network feature to the sink that the feature flows to.  It then populates the LengthDown field in that feature with that calculated value.  

4.1 Description

The length downstream value starts at zero at a sink and increases in the upstream direction.  The length downstream value for a given edge includes the lengths of all downstream edges (taking the shortest path through any loops), but not the length of the current edge.  For instance, the length downstream for an edge at the most upstream segment of a river (with no loops) will be the entire length of the river minus the length of that upstream segment.  Likewise, the length downstream for any edge that is connected to a sink will be zero.  

The tool works by tracing downstream from a given feature and summing up the lengths of all downstream edges that comprise the shortest path between the feature and the nearest sink.  The length of each edge is defined in a field specified by the user.  Null values in the field are treated as zeros.  The length downstream is recorded in a field called LengthDown of type Double.  If a LengthDown field does not already exist in the feature class, it will be created automatically.  

The tool can run on a selected set of records or all records.  If no features are selected, the tool runs on all records.  If any features are selected, the tool runs only on the selected records.  

4.2 Network Preparation

Before using the Calculate Length Downstream tool, several steps should be taken to ensure that the network and network solver are prepared to perform the length downstream calculations.  First and foremost, flow direction must be set in the network.  If no flow direction is set, then the length downstream for every feature will be zero (because the feature does not know where to flow.)  To set flow direction, use the Set Flow Direction button on the Utility Network Analyst toolbar, or the Assign Flow Direction button on the HydroVectorTools toolbar.  Note that you must be editing to set flow direction.
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Figure 4-1 Utility Network Analyst Toolbar: Set Flow Direction Button

4.2.1 Loops

If the network contains loops or is otherwise not a dendritic network, then weights and the Trace Indeterminate Flow option must be specified using the Utility Network Analyst.  A dendritic network is a network that does not branch in the downstream direction.  If flow direction has not been set for edges in a loop and the network solver has not been instructed to trace through indeterminate flow, then a downstream trace will end at the beginning of a loop.
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Figure 4-2 Downstream Trace Stopped at Indeterminate Flow

The Trace Indeterminate Flow option is set using the Utility Network Analyst toolbar by clicking Analysis->Options and selecting the General tab.  With this option checked, a downstream trace will proceed through loops with indeterminate flow.  Note that if flow direction is defined on edges in a loop, then a trace will proceed according to each edge’s flow direction.  
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Figure 4-3 Utility Network Analyst Toolbar: General Analysis Options


[image: image11.png]Flag Trace Results ——

Sink




Figure 4-4 Downstream Trace Through Indeterminate Flow

The Calculate Length Downstream tool uses the lengths of edges along the shortest path between the feature of interest and the nearest sink.  This “path” is determined by the network weights.  

If no weights are specified, then the path that traces through the least number of edges is considered the shortest path.  This can lead to inaccurate results since the path with the least number of edges may not necessarily be the shortest path as far as distance goes.  Note that this is not a problem with dendritic networks, since there is only one path to the sink in such networks.

Weights are set using the Utility Network Analyst toolbar by clicking Analysis->Options and selecting the Weights tab.  Note that all weights for the network must be defined when the network is created.  See ArcGIS Desktop Help for more information on weights and networks.  
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Figure 4-5 Utility Network Analyst Toolbar: Setting Weights

Once weights are specified, the shortest path between a feature and nearest sink can be found.  The Calculate Length Downstream tool uses this path to determine the length downstream for a given feature.  Note that the network weights are not necessarily used in determining the numerical value of the length downstream.  They are simply used to determine from which edges the length values should be summed.
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Figure 4-6 Shortest Path Between Feature and Sink

4.3 Beneficial Uses

Downstream length may be used to populate measure values on edges.  Downstream length may also be used in conjunction with channel velocity to compute travel times in rivers.  In computational algorithms, downstream length may be used to determine which features are processed first (those with the greatest downstream length) in a system where backwater effects are negligible.  

4.4 Limitations

In some networks, junctions may be spatially coincident with each other.  When this happens, the network builder chooses one and only one junction to participate in the network.  If the Calculate Length Downstream tool is processing a junction that is not on the network, then the tool will search for another junction at the exact same location that is on the network.  If no junction is found, then the tool builds a buffer of 1 map unit around the junction and searches for junctions within that buffer that are on the network.  This will allow the tool to process spatially coincident junctions.  However, inaccurate results may occur when the map units are so large that a single map unit covers a great distance, such as in geographic coordinates.  Care should be taken when working in such coordinate systems.

4.4 Using the Calculate Length Downstream Tool

Add the network to the map document.  Start an edit session.  Before using the Calculate Length Downstream tool, make sure that flow direction is set on the network.  Once flow direction is set, on the HydroVectorTools toolbar click Network Attributes->Length Downstream.  Then choose whether you want to calculate length downstream for edges or junctions.  
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Figure 4-7 Calculate Length Downstream Menu

A form asking for the name of the edge layer appears.  You may click the Help button to show information about the tool if you wish.  Select an edge feature layer and click OK.
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Figure 4-8 Calculate Length Downstream: Layer Input Form

For each edge feature class in the network, another input form will appear asking for the length field to use for each edge.  Values from this field are summed to produce the total length downstream value for a given feature.  This field must be of type Double.  
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Figure 4-9 Calculate Length Downstream: Field Selection Form

The results of the length downstream calculation are stored in the table of the chosen feature class, in a field called LengthDown.  The tool calculates values for a selected set of features, or for the entire Feature Class if no features are selected.  A progress bar shows the tool’s progress as it proceeds.
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Figure 4-10 Result of Length Downstream Computation

4.5 FAQ

Why are all of my LengthDown values zero?  

Make sure that flow direction has been set in the network.  Also make sure that the length field used to calculate LengthDown is populated with length values.  

I have a field called LengthDown, but the tool says that I don’t and it stops execution.

Make sure that the field type of the LengthDown field is Double.  If the field type is not Double, the tool cannot change it for you.

5 Store Flow Direction

This tool reads the flow direction for a set of edges from the network and writes the value of the flow direction to a FlowDir field in the Edge Feature Class.

5.1 Description

Flow direction in a network is stored as esriFlowDirection constants.  These constants are shown in the table below.

	Constant
	Value
	Description

	esriFDIndeterminate
	3
	The flow direction is indeterminate.

	esriFDWithFlow
	1
	The flow direction is in the direction of digitization.

	esriFDAgainstFlow
	2
	The flow direction is opposite the direction of digitization.

	esriFDUninitialized
	0
	The flow direction is uninitialized.


Table 5-1 esriFlowDirection Constants

The Store Flow Direction tool reads edge flow directions from the network and writes the esriFlowDirection values to the FlowDir field in the Edge Feature Class.  If a FlowDir field does not exist, one will be created for you.

The tool can run on a selected set of records or all records.  If no features are selected, the tool runs on all records.  If any features are selected, the tool runs only on the selected records.  

5.2 Beneficial Uses

Once flow direction is stored, the network may be deleted and flow directions will still be known on edges (to the user, but not to the software).  Also, storing flow direction makes possible the assignment of flow direction based on an attribute in a table.

5.3 Limitations

A complex edge may have different flow directions assigned on its individual segments.  Because rows in a table represent an entire feature, and not each individual network element, the Store Flow Direction tool only stores one of the flow direction values for complex edges.  The choice of which segment to use is arbitrary.  

5.4 Using the Store Flow Direction Tool

Add the network with the Edge Feature Class of interest to the map document.  Start an edit session.  Make sure that flow direction has already been set for the network.  On the HydroVectorTools toolbar click Network Attributes->Flow Direction->Store Flow Direction.  
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Figure 5-1 Store Flow Direction Button

A form asking for the name of the edge layer appears.  You may click the Help button to show information about the tool if you wish.  Select an edge feature layer and click OK.
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Figure 5-2 Store Flow Direction: Layer Input Form

The tool reads flow direction and writes the values to the FlowDir field in the Edge Feature Class.  If the FlowDir field does not exist, it will be created automatically.  The tool finds values for a selected set of edges, or for the entire Feature Class if no edges are selected.  A progress bar shows the tool’s progress as it proceeds.  Results for storing flow direction for a sample set of edges are shown below.  


[image: image20.png][ = attributes of ydrordge = )

OBJECTID-[SHAPE Length| LengthDown | FlowDit

v T ama07ei085 11213 1
2| 5628920439 5584 3
E B 3
4| seanramla, 0 1

Recad 1 [ T[] Show[ Al Seleced | Fece

Sink




Figure 5-3 Results of Store Flow Direction Operation

6 Assign Flow Direction

This tool assigns flow direction to edges in a network, either by choosing a flow direction to assign, or by reading values from a table.

6.1 Description

Flow direction in a network is stored as esriFlowDirection constants.  These constants are shown in Table 5-1.  This tool accesses the flow direction for a set of edges using the network, and then assigns the flow direction for the edges.  When assigning flow direction, the user may either choose one of the four esriFlowDirections to assign to all edges, or use values from a field in the Edge Feature Class.  The values in the field must correspond to esriFlowDirection constants, i.e. 0, 1, 2, or 3.  If values in the flow direction field do not correspond to esriFlowDirection constants, the esriFlowDirection chosen by the user on the input form will default as the flow direction assigned to the edge.

The tool can run on a selected set of records or all records.  If no features are selected, the tool runs on all records.  If any features are selected, the tool runs only on the selected records.  

6.2 Beneficial Uses

Assigning flow direction based on an attribute allows the user to delete the network (for maintenance or distribution reasons) and still retain the proper flow direction values.  Once the network is reestablished, flow direction can be assigned by attribute without having to create sinks in the network.  Flow direction for indeterminate cases (such as edges in loops) can be assigned manually with this tool.  Situations in which flow directions may change (such as in canals in flat areas) can also be modeled.

6.3 Limitations

As discussed in Section 5, complex edges may contain more than one flow direction if they are made up of more than one edge segment.  The Assign Flow Direction tool assigns the selected flow direction to all segments of the complex edge.  The tool does not allow the user to set flow direction on only an individual segment of a complex edge, if that edge contains more than one segment.  

6.4 Using the Assign Flow Direction Tool

Add the network with the Edge Feature Class of interest to the map document.  Start an edit session.  On the HydroVectorTools toolbar click Network Attributes->Flow Direction->Assign Flow Direction. 
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Figure 6-1 Assign Flow Direction Button

A form asking for the name of the edge layer appears.  You may click the Help button to show information about the tool if you wish.  Select an edge feature layer and click OK.
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Figure 6-2 Assign Flow Direction: Layer Input Form

A form asking for assignment options appears.  Use this form to specify the default esriFlowDirection to assign to all edges, or the field from which esriFlowDirection values will be read and assigned.
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Figure 6-3 Assign Flow Direction: Flow Direction Assignment Options

You may click the Help button to show information about the tool if you wish.  Select an esriFlowDirection from the options on the right.  If not assigning flow direction based on an attribute, flow direction for the entire set of edges will be assigned based on the chosen esriFlowDirection.  If assigning by attribute, place a check by the Assign based on attribute check box.  The Select Flow Direction Field combo box will become enabled.  The flow direction will be read from the field selected in the combo box.  This field must be of type Integer.  With the desired options selected, click OK.  The tool assigns flow direction to either a selected set of edges, or for the entire Feature Class if no edges are selected.  A progress bar shows the tool’s progress as it proceeds.

The figures below show how the Assign Flow Direction tool can be used to set the flow direction of edges in the network.  The first figure shows the default flow direction based on sinks in the network.  Note that the flow direction in the loop is indeterminate.  The second figure shows the flow in the loops assigned using the Assign Flow Direction tool. 
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Figure 6-4 Default Flow Direction in a Network
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Figure 6-5 Result of Changing Flow Direction with Assign Flow Direction Tool

7 Find Next Downstream Junction

The Find Next Downstream Junction tool uses the network to find the next downstream junction in a particular feature class, and assigns the HydroID of the downstream junction to the NextDownID field in the junction feature class.  

7.1 Description

For each junction in the network, this tool creates a flag at that junction and barriers at all other junctions.  The tool then traces downstream from that junction and returns the HydroID of the junction stopping the trace.  This is the ID of the next downstream junction.  This ID is written to the NextDownID field in the junction Feature Class table.  If the NextDownID field does not already exist, it will be created automatically.  The tool requires that flow direction is already set in the network.  

The tool can run on a selected set of records or all records.  If no features are selected, the tool runs on all records.  If any features are selected, the tool runs only on the selected records.  

7.2 Beneficial Uses

Having the next downstream junction listed as an attribute in the table allows junctions to “communicate” with each other without the presence of a network, passing values or other information as desired.  Knowing the next downstream point of interest is also important for applications such as water rights analysis and Total Maximum Daily Load studies.

7.3 Limitations

In some networks, junctions may be spatially coincident with each other.  When this happens, the network builder chooses one and only one junction to participate in the network.  If the Find Next Downstream Junction tool is processing a junction that is not on the network, then the tool will search for another junction at the exact same location that is on the network.  If no junction is found, then the tool builds a buffer of 1 map unit around the junction and searches for junctions within that buffer that are on the network.  This will allow the tool to process spatially coincident junctions.  However, inaccurate results may occur when the map units are so large that a single map unit covers a great distance, such as in geographic coordinates.  Care should be taken when working in such coordinate systems.

7.4 Using the Find Next Downstream Tool

Add the network with the junction feature class of interest to the map document.  Start an edit session.  On the HydroVectorTools toolbar click Connectivity->Find Next Downstream Junction.  
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Figure 7-1 Find Next Downstream Junction Button

A form asking for the name of the junction layer appears.  You may click the Help button to show information about the tool if you wish.  Select a junction feature layer and click OK.
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Figure 7-2 Find Next Downstream Junction: Layer Input Form

The tool finds the next downstream junctions and assigns the HydroIDs of those junctions to the NextDownID field in the junction feature class.  The tool finds next downstream junctions for either a selected set of junctions, or for the entire feature class if no junctions are selected.  A progress bar shows the tool’s progress as it proceeds.
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Figure 7-3 Results of Find Next Downstream Junction Computation

8 Store Area Outlets

This tool determines the outlet junction for an area and assigns the HydroID of that junction to the JunctionID field in the area feature class.

8.1 Description

To perform hydrologic analyses involving rainfall/runoff and channel routing, areas must somehow be connected to the river network in order to pass runoff to the river channel.  This tool is designed to facilitate a scheme where areas are connected to the network through outlet junctions.  Each area in this scheme possesses a JunctionID attribute.  This attribute stores the HydroID of the junction that serves as the outlet for the area.  Hypothetically, a junction may serve as the outlet of multiple areas, but each area will have only one outlet.  

This tool can utilize up to three methods for locating the outlet junction.  These methods are: Junction Intersect Method, Drainage Point Proximity Method, and Next Downstream Area Method.  Each method can be run individually or in sequence with one or both of the other methods.  However, when running in sequence, the order of execution will be identical to the order in which the tools were listed above (e.g., Junction Intersect Method goes first, followed by Drainage Point Proximity Method…).  

If no outlet junction is found for a given area, a value of –1 is assigned to the JunctionID field for that area.  If outlets could not be determined for some areas, a message box will appear at the end of the tool’s execution.  The message box informs the user that the ObjectIDs of those areas have been copied to the Windows Clipboard, from which they can be pasted into a text editor or some other program.  These areas can also be found by selecting areas with a JunctionID value of –1.

The tool can run on a selected set of records or all records.  If no features are selected, the tool runs on all records.  If any features are selected, the tool runs only on the selected records.  

8.1.1 Junction Intersect Method

Junctions that lie within a specified distance (search tolerance) of the boundary of the drainage area are selected.  From these junctions, upstream and downstream traces are performed, with the results returned as a set of edges.  For each junction, the resulting edges are intersected with the area to find the total length of upstream edges in the area, and the total length of downstream edges in the area, using the given junction as a reference point.  The junction that produces the greatest (upstream length - downstream length) value is designated as the outlet junction, provided that the upstream length is greater than or equal to 5 times the downstream length.  This last criterion helps to ensure that the chosen junction is not located in the middle of the drainage area.  If no junctions are located on the exact boundary of the drainage area, the search tolerance can be increased to select junctions that are near the area’s boundary.

· TIP: One way to produce junctions on the boundaries of areas is to intersect the line set with the areas, using the Geoprocessing Wizard’s Intersect Utility.  Rebuilding the network from the intersected line set will produce junctions where the lines and areas intersected.

The following figures illustrate the process of selecting the outlet junction.  The tool is operating on the pink area for this example.
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Figure 8-1 First Cut:  All Junctions on Boundary Selected
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Figure 8-2 Second Cut:  Junction With Greatest (Upstream – Downstream) Length in Drainage Area

8.1.2 Drainage Point Proximity Method

Drainage Areas are often delineated from a digital elevation model (DEM).  A Drainage Point typically represents the centroid of the outlet cell of the DEM to which all other cells within the Drainage Area flow.  A Drainage Point does not necessarily fall on the stream network, especially if that network was derived from means other than grid processing.  The Drainage Point Proximity method locates the junction nearest to the Drainage Point for a given area, within the specified search tolerance, and designates this junction as the outlet junction.  The DrainID attribute on the area feature class points to the DrainID attribute on the Drainage Point feature class.  These attributes must already exist and must be populated in both the drainage area feature class and drainage point feature class in order to use this method.  If no junctions are found within the specified search tolerance, a value of –1 is assigned to the JunctionID field in the drainage area feature class.

The figure below shows a potential scenario for use of the Drainage Point Proximity Method.
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Figure 8-3 Drainage Point Proximity Method

8.1.3 Next Downstream Area Method

Connectivity between Drainage Areas may be defined through the NextDownID attribute.  On a Drainage Area, the NextDownID points to the HydroID of the next downstream Drainage Area.  Thus, connectivity between Drainage Areas may be established without the use of the geometric network.  The Next Downstream Area method uses this connectivity to locate the outlet junction for a Drainage Area.  For a given area, this method reads JunctionID values from next downstream areas until a numeric, non-zero value (that is not equal to –1) is found.  This value is then assigned as the JunctionID for the area of interest.  This technique is useful when no stream network extends into the area of interest.  NextDownID and HydroID attributes on the areas must already exist and must be populated in order to use this method.

The following figure illustrates use of the Next Downstream Area method.  The area in pink is the area of interest in this case.  The tool looks for an area with a HydroID equal to the NextDownID of the pink area (101).  The next downstream area is the area at the bottom of the figure (HydroID = 101).  The JunctionID is read from this downstream area and recorded in the pink area, such that both areas share the same outlet.  
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Figure 8-4 Next Downstream Area Method

8.2 Beneficial Uses

By connecting areas to the network through outlet junctions, areas can pass information to the network, such as runoff or pollutant loads.  If the junctions also possess the NextDownID attribute, then navigation of the landscape can be performed with the network as well as through areas.  

8.3 Limitations

The Junction Intersect Method possesses some limitations.  To insure that all junctions along the boundary of an area are selected, the tool builds two buffer polygons, one bigger and one smaller than the drainage area.  The size of the buffer is specified by the user as the search tolerance for this method.  Careful consideration should be taken in choosing the search tolerance.  A tolerance too large may result in selecting junctions far downstream of the area.  A tolerance too small may result in not selecting the appropriate junction.  The nature of the map units should also be taken into consideration.  When working in a coordinate system where 1 map unit corresponds to a great distance, such as a geographic coordinate system, a tolerance of 50 may select a great number of potential outlet junctions.  Data should be projected to a coordinate system with map units that provide sufficient precision in measurements before running the Store Area Outlets tool.

 The Junction Intersect Method works best with a relatively homogeneous set of drainage areas.  If the areas differ greatly in size, then a search tolerance that is appropriate for one area may be too large or too small for another area.

8.4 Using the Store Area Outlets Tool

Add the area feature class of interest and the network with the junction feature class of interest to the map document.  Start an edit session.  On the HydroVectorTools toolbar click Connectivity->Store Area Outlets.  
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Figure 8-5 Store Area Outlets Button

A form asking for which methods to use in determining outlets appears.  You may click the Help button for more information about choosing a method.  Select one or more methods and click OK.
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Figure 8-6 Store Area Outlets: Method Selection Form

A form asking for the name of the area and junction layers appears.  You may click the Help button to show information about the tool if you wish.  Select the appropriate layers and click OK.
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Figure 8-7 Store Area Outlets: Layer Input Form

The tool runs on either a selected set of areas, or for the entire Feature class if no areas are selected.  A progress bar shows the tools progress as it proceeds.  If no outlet junction is found for a given area, a value of –1 is assigned to the JunctionID field for that area.  If outlets could not be determined for some areas, a message box will appear at the end of the tool’s execution.  The message box informs the user that the ObjectIDs of those areas have been copied to the Windows Clipboard, from which they can be pasted into a text editor or some other program.  These areas can also be found by selecting areas with a JunctionID value of –1.When the tool is finished, a message box appears displaying the ObjectIDs of any areas for which the outlet could not be determined, or for which there was more than one potential outlet.  If no such areas were found, then the message box does not appear.
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Figure 8-8 Results of Store Area Outlets Computation

9 Consolidate Attributes

This tool consolidates values from a ‘From’ feature layer or table to associated features in a ‘To’ feature layer or table.  

9.1 Description

This tool consolidates values from the ‘From’ feature layer or table to associated features in the ‘To’ feature layer or table.  The association is defined by attributes in the feature layers.  The key field in the ‘From’ feature layer refers to an identifier in the ‘To’ feature layer.  The key field in the ‘To’ feature layer represents those identifiers.  Options for consolidation operations include Sum, Max, Min, Count, Average, Median, Mode, and Standard Deviation.  Once the operation is complete for all ‘From’ features related to a given ‘To’ feature, the result is written to the specified field in the ‘To’ feature.

The tool allows for some advanced processing options.  The order in which features in the ‘To’ feature layer are processed may be controlled by an attribute in the ‘To’ feature layer.  The processing order either starts with features with the lowest values and moves in the increasing direction, or it starts with features with the highest values and moves in the decreasing direction.  By default, all existing values in the ‘To’ feature layer are overwritten by the new values that are calculated by this tool.  If desired, new values can be added to existing values by using the advanced options.  

9.2 Beneficial Uses

This tool serves a number of uses relating to hydrologic computations.  Any application which requires information to be passed from areas onto the network may benefit from this tool or some variation thereof.  The tool is also useful for accumulating values downstream in a network.  In that case, the same junction feature layer would be both the ‘From’ and ‘To’ layer.  Values would be accumulated from an upstream junction to the next downstream junction, with the association defined by the NextDownID and HydroID attributes.

9.3 Using the Consolidate Attributes Tool

Add the ‘From’ and ‘To’ feature classes to the map document.  Start an edit session.  On the HydroVectorTools toolbar click Consolidate Attributes.  A form asking for the names of the ‘From’ and ‘To’ layers appears. You may click the Help button to show information about the tool if you wish.  Select the appropriate layers and click OK.
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Figure 9-1 Consolidate Attributes: Layer Input Form

A form asking for the field with values to consolidate and the consolidation operation appears.  You may click the Help button to show information about the tool if you wish.  Select the appropriate fields, operation, and any advanced options you wish you use and click OK.  Note that the ‘From’ and ‘To’ key fields must have the same field type, as do the ‘From’ and ‘To’ value fields.  If <null> values exist in the processing field, zero will be used instead of <null> for the sorting algorithm.
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Figure 9-2 Consolidate Attributes: Field and Operation Input Form

The tool operates on a selected set of ‘To’ features, or all features if none are selected.  A progress bar shows the tools progress as it proceeds.  The following figure shows the results of running the tool in which areas from related watersheds were summed onto junctions.  The figure shows the outlet point for the most upstream watershed in the network.
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Figure 9-3 Results of Consolidate Attributes Computation

9.4 Application of Consolidate Attributes Tool

One useful application of this tool is to accumulate drainage areas onto junctions, and to accumulate those values downstream through the network.  Consider the scenario shown in the following figure.  The Assign HydroID, Calculate Length Downstream, Find Next Downstream, and Store Area Outlets tools have already been applied to this data.  
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Figure 9-4 Consolidate Attributes Sample Application

Now we want to find the total upstream drainage area for HydroJunction 2000001.  First, run the Consolidate Attributes tool using the Watersheds as the ‘From’ layer and the HydroJunctions as the ‘To’ layer, as shown below.  No advanced options are needed for this step.
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Figure 9-5 Accumulating Areas from Watersheds To HydroJunctions

Note that the two HydroJunctions that serve as outlets now have a value for DrainArea.  This value corresponds to the Watershed(s) that drains to a particular HydroJunction.  
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Figure 9-6 Accumulating Drainage Areas from Watersheds to HydroJunctions

Next, run the Consolidate Attributes tool again, this time using HydroJunction as both the ‘From’ and ‘To’ Layer.  We will use the NextDownID attribute to pass area values downstream through the network.  Use DrainArea as the value field in both cases, as shown below.  Check ‘Use Advanced Options’ to display the advanced options on the input form.  Select LengthDown as the processing field, and Descending as the processing method.  With these options set, the junctions that are furthest upstream will be processed first.  This prevents junctions from being “skipped” as they pass their area values downstream.  Also place a check in ‘Add New Values to Current Values in “To” Layer’.  This will prevent the area values that already exist in the HydroJunction from being overwritten.  The values that already exist are those that were calculated during the previous step.  These values represent the incremental drainage areas of the HydroJunctions.  Click OK to proceed.  Now look at the attribute table for HydroJunction.
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Figure 9-7 Total Drainage Areas for HydroJunctions

Note that the DrainArea for HydroJunction 2000001 is the sum of the areas of all Watersheds, as it should be.  HydroJunctions 2000003 and 2000004 have a DrainArea of zero since there are no HydroJunctions further upstream, and since neither of them serve as outlets for Watersheds.  The DrainArea for HydroJunction 2000002 remains the same as in the previous step since the upstream HydroJunctions have no DrainArea to pass downstream.

10 FAQ:

When I try to add HydroVectorTools.dll to ArcMap, a message box appears saying “No objects added.”

If a user on a machine has limited registry access, then custom tools may not load properly into ArcMap.  See your system administrator for help.

11 Source Files

Files to Install:

HydroVectorTools.dll

HydroVectorTools Source Files:

frmAsgFlowDir.frm

Assign Flow Direction Input Form

frmConsolidate.frm

Consolidate Attributes Input Form

frmField.frm


Generic Field Form

frmHelp.frm


Generic Help Form

frmProgress.frm

Generic Progress Form

frmStoreAreaOutlets.frm
Store Area Outlets Input Form

modGlobals.bas

Global Variables

modHydroVectorTools.bas
HydroVector Related Procedures

modNetworkUtils.bas

Network Utilities

modUtilsForms.bas

Form Utilities

modUtilsFramework.bas
Framework Utilities

modUtilsGeneral.bas

General Utilities

clsAsgFlowDir.cls

Assign Flow Direction Button

clsCalcDSLEdges.cls

Calculate Length Downstream (Edges) Button

clsCalcDSLJunctions.cls
Calculate Length Downstream (Junctions) Button

clsConsolidate.cls

Consolidate Attributes Button

clsFindFlowDir.cls

Store Flow Direction Button

clsHydroVectorToolbar.cls
HydroVectorTools Toolbar

clsMenuConnectivity.cls
Connectivity Menu

clsMenuFlowDir.cls

Flow Direction Menu

clsMenuLengthDown.cls
Calculate Length Downstream Menu

clsMenuNetAttribs.cls
Network Attributes Menu

clsMxHydroID.cls

Assign HydroID Button

clsNextDS.cls


Find Next Downstream Junction Button

clsStoreAreaOutlets.cls
Store Area Outlets Button
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