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This document provides detailed information about the models available in the ARA 3SC Toolbox (December 2011 version) which can be used to delineate Active River Area components for a user-defined study area. In addition, background information on how the Active River Area approach was applied at the regional scale for the former Eastern US Conservation region is included. This document should be read prior to using the ARA 3SC Toolbox. If you have not read the Active River Area document, you can download the document here: http://www.floods.org/PDF/ASFPM_TNC_Active_River_%20Area.pdf
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Summary of the Eastern Region ARA Riparian Component 2009 Model (Regional Scale)

Provided by Arlene Olivero, TNC ECS, 8/13/09

The Active River Area conservation framework provides a conceptual and spatially explicit basis for the assessment, protection, management, and restoration of freshwater and riparian ecosystems.  The active river area framework is based upon dominant processes and disturbance regimes to identify areas within which important physical and ecological processes of the river or stream occur. The framework identifies five key subcomponents of the active river area: 1) material contribution zones, 2) meander belts, 3) riparian wetlands, 4) floodplains and 5) terraces.  These areas are defined by the major physical and ecological processes associated and explained in the context of the continuum from the upper, mid and lower watershed in the ARA framework paper (Smith et al. 2008). The framework provides a spatially explicit manner for accommodating the natural ranges of variability to system hydrology, sediment transport, processing and transport of organic materials, and key biotic interactions.  

GIS techniques allow the active river area components to be identified over a range of spatial scales. At the regional scale, as of 8/10/2009, the riparian component of the Active River Area has been mapped using a 30m DEM and 1:100,000 hydrography.  The non-riparian Active River Area component, the headwater watershed material contribution zone, has not been mapped regionally at this time. The 8/10/2009 Riparian Active River Area model delineates a ARA Riparian Base Zone using cost distance modeling and an additional ARA Riparian Material Contribution Zone extending three 30m cells (90-125m total) on either side of input water cells for those streams and rivers that do not have the ARA Riparian Base Zones covering this area already.  

We expect the meander belts, riparian wetlands, ~100 year floodplains, and lower terraces to be primarily within the ARA Riparian Base Zone, however these features could not be separately distinguished in the Eastern regional scale model (30m resolution). Although these 4 subcomponents could not be distinguished in the regional scale model, the ARA Riparian Base Zone and ARA Riparian Material Contribution Zone are however further mapped as falling on either “wetflats” or “non-wetflat” landforms.  Most riparian wetlands and longer-term floodwater storage are expected in the ARA Riparian Base Zone cells coded as wetflat landforms because it is on these landforms that we expect water is most likely to accumulate and settle. It may be useful to note that the Eastern regional ARA Riparian Base Zone is calibrated to represent the general extent of the FEMA 100 year floodplain, although in many areas it extends outside the mapped FEMA 100 year floodplain.  This is expected because the FEMA 100 year floodplain does not represent the natural 100 year floodplain, but instead maps the expected areas where flooding may still occur given flood control dams, levees, and other human interventions.  FEMA 100 year floodplain is also primarily only mapped zone around larger rivers. As a conservation zone, the ARA Riparian zone seeks to represent the more natural state of river processes and thus an even larger potential zone of influence/extent around all rivers and streams.  

We expect the ARA Material Contribution Zone to include additional near stream/river habitat that is at higher slope than the base zone.  This area may include less active terraces and is generally less subject to overbank flows and direct hydrologic connection to the stream/rivers. This area however contributes to other important riverine processes such as shading, input of woody debris, sediments, and nutrients which influence river health.  This area also provides habitat to certain species more closely associated with near shore or riparian ecosystems.  

The Active River area maps and conceptual framework can be used to inform management efforts such as conservation planning, the establishment of protected area networks, the development and implementation of management policies and programs, and river restoration projects.  Protection of the active river area provides benefits to aquatic and terrestrial species that rely on instream, riparian and floodplain habitat to carry out their life cycles.  An intact active river area also offers a wide range of benefits to society including the reduction of flood and erosion hazards, protecting water quality, and providing the many subsistence, commercial, recreational and economic benefits associated with healthy freshwater systems.  

MAPPING METHODS:
Key Data Inputs: Key inputs to the modeling included a DEM, hydrography, and wetflat dataset. Key inputs for the stratification of the analysis included the 13 state region divided into 8 parts and divided into 5 HUC8 slope classes. 

The input slope grid was derived from the National Elevation Dataset (30m NED) Y:\Arlene_laptop_backup\ARAModel_2009\Source_Data\NEDFinal2008\ned30_08_slpf.  The hydrography was from the National Hydrography Dataset-Plus (NHD-Plus) 1:100,000.  The source hydrography included vector and polygon features coded into 8 stream/river size classes by TNC.  These included the basic 7 NEAFWA Stream Classification sizes (Olivero and Anderson, 2008) along with an additional category for isolated lakes.  Lakes connected to rivers were assigned to the size class of the largest sized river connected to the lake and are thus embedded in that size of river-lake system modeling.  The vector hydrography was converted into a 30m raster grid snapped to the NED (Y:\Arlene_laptop_backup\ARAModel_2009\ Source_Data\in_wat). The wetflat grid (30m) was developed by TNC as of 11/2008 (Y:\Arlene_laptop_backup\ ARAModel_2009\Source_Data\lf_wf).  

The region was divided into 8 parts for running the cost surface and Euclidean distance analysis where each part represented a group of 1:250,000 quadrangles (  C:\data\ARAModel_2009\model_slp2\key_sources\partsmrg).  These quadrangles were also buffered by 20 cells and then reclipped to the exact edges to ensure calculations at the edges of tiles were correct.  For threshold development, the 4 tested slope zones were groups of HUC8 watersheds grouped together by the percentage of “zero slope” cells within them (Y:\Arlene_laptop_backup\ARAModel_2009\ Source_Data\hucslope09

Key ArcGRID Functions: 
COSTSURFACE: The cost surface function was used to define the relative cost of water to travel upslope out and away from the streams/rivers. The cost takes into account both the slope due to elevational change and distance from the channel, with higher costs for greater slopes and distances from the stream/river.  The cost surface function was run on each of 8 river size inputs for 8 tiles to cover the 13 state region.  These tiles were then pieced back together to yield 8 master cost surface grids for each stream/river size class.  The basic function was:  int(costdistance (%inwat%, %slpgr%, #, #, 1500) + 0.5).  For more information, please see the source aml, 090713_cost_parts.aml

EUCLIDEAN DISTANCE: The Euclidean distance function was used to define the distance of each cell from a river/stream input.  The basic function was int(eucdistance (%inwat%, #, #, 5000, #) + .05).  Similar to cost, this function was run on each of 8 river size inputs for 8 tiles to cover the 13 state region.  For more information, please see the source aml, 090715_eucdist_parts.aml. 

Regional Stratification by Slope Class: The region was divided into 4 analysis areas based on sampling the percentage of each HUC8 watershed that fell into a “zero” slope class within our integer slope grid, ned30_08_slpf.  Testing and exploration of potential cost thresholds for the ARA were done within each of these regions.
1: <10% of HUC8 in slope of zero
2: 10>25% of HUC8 in slope of zero
3: 25-50% of HUC8 in slope of zero
4: >= 50% of HUC9 in slope of zero
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Using the Active River Area (ARA) Three-Stream Class (3SC) Toolbox 

The Active River Area (ARA) Three-Stream Class (3SC) Toolbox is designed to help you prepare model inputs, delineate the ARA base riparian zone, delineate ARA wetflats, and the ARA non-headwater material contribution zone for three stream size classes in your study area. If you want to use more than three stream size classes, please email Analie Barnett (abarnett@tnc.org) to create a modified version of the toolbox. If you have any questions about the toolbox or suggestions for improvement of the tools or the documentation, please also email Analie. 

[bookmark: _Toc246497864]ArcGIS910_ARA_3SC_Toolbox_Dec2011 Installation Instructions 
Please follow the steps in order: 
1. Copy the ArcGIS10_ARA_3SC_Toolbox_Dec2011from the ftp site. You can place the toolbox in the location of your choice. 
2. Add the ArcGIS10_ARA_3SC_Toolbox_Dec2011 toolbox to ArcMap
a. If the ArcToolbox is not showing, click on the red Toolbox icon to display 
[image: ]


Right click on ArcToolbox and select “Add Toolbox”
b. Scroll to the location where you saved the ArcGIS10_ARA_3SC_Toolbox_Dec2011 and add the toolbox
c. Click on the “+” to expand the ArcGIS10_ARA_3SC_Toolbox_Dec2011. You should see the following models (see screenshot on the following page):
· ARA Data Prep 1: Streams Data
· ARA Data Prep 2: Lakes Data
· ARA Step 1: Option A-Create Cost Distance Surface, Does not Fill DEM
· ARA Step 1: Option B-Create Cost Distance Surface, Fills DEM
· ARA Step 2: Reclass Cost Distance Surface
· ARA Step 3: Create Moisture Index to Build Wetflats
· ARA Step 4: Option A-Refine Wetflats and Add Base Riparian Zones
· ARA Step 4: Option B-Refine Wetflats, Adjacent Cells Only, and Add Base Riparian Zones 
· ARA Step 5: Generate Non-Headwater Material Contribution Zones and Add to Base Riparian Zones and Wetflats
· Relative Elevation Approach: Option A, Unaltered Slope Grid
· Relative Elevation Approach: Option B, Alter Slope Grid
3. Double-click on the first model (either Data Prep or ARA Step 1), load the required inputs, fill in the required parameters, and then click “Ok” to run the model.
a. For each required parameter in the model, there are brief instructions. Place the cursor in the empty field and the description will be located to the right of the input box. 
b. The ARA models must be run in order because each generates output required in the next model
Notes:
1) The Relative Elevation Approach model provides an alternative method to delineate the ARA base riparian zones. 



[image: ]

Screenshot of the ARA 3SC Toolbox models

*Specific instructions and details for each ARA Step model are provided in the following pages. 
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Overview of the ARA 3SC Toolbox: Key Steps and Output

	

Key Step in ARA Delineation
	Corresponding Model(s) in ARA Toolbox
	
Key Output Grid(s)
	

Attribute Descriptions

	I. Categorize stream/river (and lakes) size classes and generate corresponding shapefiles and grids. Files with “l” on end include waterbodies/lakes 
	ARA Data Prep 1
ARA Data Prep 2
	hdwaters(l)
medium(l)
rivers(l)
inputwat

	GRDCODE = 2
GRDCODE = 5
GRDCODE = 7
2 = headwaters
5 = medium
7 = rivers

	II. Generate cost distance grid to define the relative cost of water to travel upslope out and away from the streams/rivers. The cost takes into account both the slope due to elevation change and distance from the channel, with higher costs for greater slopes and distances from the stream/river
	ARA Step 1, Option A or B
	hwcdist
medcdist
riverscdist
	

	III. Reclass the cost distance thresholds to define base riparian zones and wetflat zones for the different size classes of streams/rivers

	ARA Step 2
	fldzone2
fldzone5
fldzone7
fldzone
wfzone2
wfzone5
wfzone7
wfzone
	

	IV. Generate a moisture index using slope and flow accumulation to identify riparian areas that are likely to be wet as a result of high groundwater and overland runoff from adjacent uplands
	ARA Step 3
	fmean
	

	V. Identify wet areas that overlap with the base riparian zones and are within the wetflat grab zone generated in Step III. Combine the base riparian zones and the wetflat zones into a single grid, assigning unique codes to identify the different components of the Active River Area
	ARA Step 4, Option A or B
	wetflat2
wetflat5
wetflat7

	

	
	
	fld_wflt
	2 = headwater base riparian zone
5 = medium rivers base zones
7 = large rivers base zone
20 = headwater wetflats
50 = medium river wetflats
70 = large river wetflats

	VI. Delineate the non-headwater material contribution zones (mcz) and combine with the base riparian zones and wetflat zones

	ARA Step 5
	ara_mcz
	2 = headwater base zone
5 = medium rivers base zone
7 = large rivers base zone
20 = headwater wetflats
50 = medium river wetflats
70 = large river wetflats
200 = headwater mcz
500 = medium rivers mcz
700 = large rivers mcz



ArcGIS10_ARA_3SC_Toolbox_Dec2011 Required Input Files

Before running the models, you will need a digital elevation model (DEM) for your study area, and input grids that represent the different streams, rivers, and lake inputs that you want to run through the process. TNC ECS recommends running different stream/river size classes through the model because larger streams/rivers have more power and water volume and thus will flood to a larger "cost" threshold so you will want to ultimately choose different river size cost thresholds to represent the flood zones for those rivers. For example, by using separate runs for each size class you can allow the flood/spill from a medium sized river to correctly influence/overwrite the smaller spill/flood of a headwater river at these junctions.

The ArcGIS10_ARA_3SC_Toolbox_Dec2011 is designed for use with three different stream/river size classes. For example, the first size class might be small streams (stream orders < 3), the second might be medium (stream orders 4, 5, and 6), and the third could be large rivers (stream order > 7

You can create the stream/river/lake inputs grids using the two Data Prep models which convert vector streams and lakes into grids, or you can use another approach such as deriving streams from a DEM. The Data Prep models are described in the next section. Regardless of how you create the stream/river/lake grid inputs, the files must have the same names and grid values as specified in Table 1. These inputs should also be placed within the folder you designate as the “Current Workspace” folder when you set the environments for each model (explained in the instructions for each model). For each model in the Toolbox, you will be prompted to browse to the folder location that you want to designate as the Workspace. The Toolbox does not have to be located in the same folder you designate as the Workspace. 

Table 1: ARA Toolbox required input grids
	
Grid File Description
	Raster
File Name
	Raster Value
	
Location

	Small order streams (+ corresponding lakes if desired)
	hdwaters
	2
	Workspace

	Medium-sized rivers (+ corresponding lakes if desired)
	medium
	5
	Workspace

	Large rivers (+ corresponding lakes if desired)
	rivers
	7
	Workspace

	Merge input water grids to create a single grid. Merge in the following order: rivers, medium, hdwaters
	inputwat
	2, 5, 7
	Workspace
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ARA Data Prep 1: Streams Data

Description: 
This model prepares your stream/river data for the Active River Area model. The model is currently setup to handle three different size classes of rivers, but additional size classes can be added if needed.

Required Input Data: 
1. Shapefile of the streams/rivers in your project area. 
a. The shapefile should be in the same projection as the DEM for the study area.  
b. The shapefile must have an attribute field that that you can use to classify the streams into different size classes. 
c. If you do not have this data, the NHDPlus has 1:100,000 resolution vector data for flowlines that is freely downloadable at http://www.horizon-systems.com/nhdplus/data.php.  In addition, the NHDPlus has attribute information including updated Strahler stream order data that can be joined to the NHDPlus flowline shapefiles. To download the updated Strahler stream order data, go to http://www.horizon-systems.com/nhdplus/download.php#Strahler%20Stream%20Order%20in%20the%20NHDPlus

Preliminaries:
1. Set the model environments – this is a very important step!!
a. Right click on the ARA Data Prep 1: Streams Data model
b. Select “Properties”
c. Click on the “Environments” tab
d. Click “Values”
e. Click “General Settings”
i. For “Current Workspace,” browse to the folder where the project input data is stored. All model outputs will be written to this folder. 
ii. For “Extent,” browse to the DEM for the study area to set the extent for the output. 
f. Click “Raster Analysis Settings”
i. For “Cell size,” browse to the DEM for the study area to set the cell size of the output data. 

You are now ready to use the Data Prep Streams model. Double click on the model to open the input data interface (Figure 1). 
[image: ]
Figure 1: ARA Data Prep 1: Streams Data model interface

Input File Instructions:
1. Browse to the location that you designated as the "Current Workspace" in the Environment Settings. This location should house all your input files, and is where all the model output files will be written.
2. Select the flowlines or streams shapefile for your study area.
3. This step prompts you to select small headwater streams based on a stream order attribute in your shapefile. You will need to determine what stream orders constitute headwater streams in your project area and write a query such as the following using the particular stream order attribute field for your shapefile:  "STREAMORDE" = 1 OR "STREAMORDE" = 2 OR "STREAMORDE" = 3. You can click on the "SQL" button to open up a dialogue that will enable you to select an attribute field and populate it appropriately.
4. You need to write a query to select the stream orders that are appropriate for medium sized rivers or a different size class you want to use. You can click on the "SQL" button to open up a dialogue that will enable you to select an attribute field and populate it appropriately. For example, "STREAMORDE" = 4 OR "STREAMORDE" = 5 OR "STREAMORDE" = 6.
5. You need to write a query to select stream orders that represent large rivers in your project area. You can click on the "SQL" button to open up a dialogue that will enable you to select an attribute field and populate it appropriately. For example, "STREAMORDE" = 7
6. The cell size of your stream/river size class grids should be the same size as your elevation grid. Type the appropriate cell size (e.g., 30) in the box or browse to the location of the study area DEM to set the cell size.

After you have input each of the required data files, the tool will execute as described in the following outline and illustrated in Figure 2 on the following page. 

1. A select query is run to create a separate shapefile for each of the different stream size classes. The three default size classes are as follows, but can easily be modified.
a. Headwaters 
b. Medium rivers
c. Large rivers
2. A field called “GRDCODE” is added to each stream size shapefile. This step is used to add a unique identifier so that the influence for each stream size class can be tracked. 
3. The GRDCODE field is populated with a unique integer. The default values are as follows:
a. Headwaters = 2
b. Medium rivers = 5
c. Large rivers = 7
4. The resultant shapefiles are converted to rasters using the “GRDCODE” field as the value field. The grid resolution is based on the value entered in the fifth input field as shown in Figure 1. 
5. The resultant three grids are merged together to create the “inputwat” grid file. The grids are merged together in the following order: rivers, medium, hdwaters. 


2

[image: DataPrep1]
Figure 2: Flow of processes executed in the ARA Data Prep 1: Streams model. 

[bookmark: _Toc246497867]ARA Data Prep 2: Lakes Data

Description: 
This model prepares your waterbody shapefile data for the Active River Area model by 1) converting waterbodies to a stream/river size class raster (e.g., headwaters) based on the stream order of the flowline passing through the waterbody, 2)  merging the stream/river size class from the Data Prep - Streams model (e.g., headwaters) with the corresponding waterbody size class (e.g., headwaters), and 3) merging each stream-waterbody size class into a single raster called "inputwat."  This model assumes you have a shapefile of the waterbodies in your project area and that the waterbodies shapefile has a stream order attribute associated with each lake. If you need waterbody spatial data for your project area, the NHDPlus web site has freely available waterbody data. 

Required Input Data: 
1. Shapefile of waterbodies for the study area. 
a. The shapefile should be in the same projection as the DEM for the study area.  

Preliminaries:
1. Once you have your lakes vector data, you will need to determine what size class of stream or river flows through each waterbody. If you use the NHDPlus waterbodies data, you may first want to narrow down the type of waterbodies you want to run through the model. The NHDPlus waterbodies FTYPE attribute identifies five types of waterbodies: LakePond, SwampMarsh, Playa, Reservoir, IceMass. 
a. Next, you can use the Hawths Tools (free ArcGIS extension at http://www.spatialecology.com/htools/tooldesc.php) “Enumerate Intersecting Features” Analysis tool to assign waterbodies a stream order using a linking attribute. 
i. To use this tool, select the waterbodies shapefile as the “entity feature layer” and select an attribute field that links the waterbodies to the flowlines (e.g., COMID if using NHDPlus) as the “unique ID field”; select the flowlines with stream order attribute as the “enumeration feature layer” and select the stream order attribute field as the “enumeration field.” 
ii. The output from this tool will be a .csv file that you can then join to the waterbodies shapefile using the linking attribute (e.g., COMID). If you have waterbodies that have more than one size class flowing into them, review the data, but it will probably make sense to use the largest size class that flows into a waterbody. Once you have joined the stream order to the waterbodies shapefile, export the data to a new shapefile (e.g., waterbodies_streamorder.shp). 
2. Set the model environments – this is a very important step!!
a. Right click on the ARA Data Prep 1: Streams Data model
b. Select “Properties”
c. Click on the “Environments” tab
d. Click “Values”
e. Click “General Settings”
i. For “Current Workspace,” browse to the folder where the project input data is stored. All model outputs will be written to this folder. 
ii. For “Extent,” browse to the DEM for the study area to set the extent for the output. 
f. Click “Raster Analysis Settings”
i. For “Cell size,” browse to the DEM for the study area to set the cell size of the output data. 


Double click on the model to open the input data interface (Figure 3). 
[image: ]
Figure 3: ARA Data Prep 2: Lakes Data interface

Input File Instructions:
1. Browse to the location that you designated as the "Current Workspace" in the Environment Settings. This location should house all your input files, and is where all the model output files will be written.
2. Input a shapefile with the waterbodies in your project area. The shapefile must include an attribute that identifies the size class of the stream/river that flows through each waterbody. Refer to the "readme.doc" that accompanies this model for one approach to generate a shapefile with this information.
3. This step prompts you to select waterbodies through which small headwater streams flow, based on a stream order attribute in your shapefile. You will need to determine what stream orders constitute headwater streams in your project area and write a query such as the following using the particular stream order attribute field for your shapefile:  "STREAMORDE" = 1 OR "STREAMORDE" = 2 OR "STREAMORDE" = 3. You can click on the "SQL" button to open up a dialogue that will enable you to select an attribute field and populate it appropriately.
4. This step prompts you to select waterbodies through which medium-sized rivers flow, based on a stream order attribute in your shapefile. You will need to determine what stream orders constitute medium rivers in your project area and write a query such as the following using the particular stream order attribute field for your shapefile:  "STREAMORDE" = 4 OR "STREAMORDE" = 5 OR "STREAMORDE" = 6. You can click on the "SQL" button to open up a dialogue that will enable you to select an attribute field and populate it appropriately.
5. This step prompts you to select waterbodies through which large rivers flow, based on a stream order attribute in your shapefile. You will need to determine what stream orders constitute large rivers in your project area and write a query such as the following using the particular stream order attribute field for your shapefile:  "STREAMORDE" >= 7. You can click on the "SQL" button to open up a dialogue that will enable you to select an attribute field and populate it appropriately.
6. The cell size of your waterbody size class grids should be the same size as your elevation grid. Type the appropriate cell size (e.g., 30) in the box or use the DEM for the project area to set the cell size.

After you have input each of the required data files, the tool will execute as described in the following outline and illustrated in Figure 4 on the following page. 
1. A select query is run to create a separate shapefile for each of the different stream size classes for the input waterbodies shapefile. The three default size classes are as follows:
a. Headwaters 
b. Medium rivers
c. Large rivers
2. A field called “GRDCODE” is added to each lake size shapefile. This step is used to add a unique identifier so that the influence for each stream size class can be tracked. 
3. The GRDCODE field is populated with a unique integer. The default values are as follows:
a. Headwaters = 2
b. Medium rivers = 5
c. Large rivers = 7
4. The resultant shapefiles are converted to rasters using the “GRDCODE” field as the value field. The grid resolution is based on the value entered in the fifth input field as shown in Figure 3. 
5. For each size class, the waterbodies grid and the streams grid (created in the Data Prep 1 model) are merged together with the waterbodies grid merged on top of the streams grid. 
6. The resultant three lake + stream grids are merged together to create the “inputwat” grid file. The grids are merged together in the following order: riversl, mediuml, hdwatersl.

[image: DataPrep2]

Figure 4: Flow of processes executed in the ARA Data Prep 2: Lakes model. 

[bookmark: _Toc246497868]ARA Step 1: Option A – Create Cost Distance Surface, Does not Fill DEM

Description:
This model creates a cost distance grid for each stream/river size class using slope as the cost raster. The cost distance grid will be used in the next model to delineate the base riparian zone and the wetflat zone grab zone for each stream size class. The difference between this model and Option B is that this tool does not fill sinks in the input DEM. Current users of the ARA have generally found that they achieve better results when the elevation raster is not filled.


Required Data Inputs: 
1. Elevation grid 
2. Input grids representing the different streams, rivers, and lake inputs for which to derive the ARA. You could have made these input water grids in the Step 1: Data Prep and/or Step 2: Data Prep models or via another process (e.g., deriving streams from your elevation grid). The input grids should be named as follows:
a. Headwaters grid named “hdwaters” and with a grid code value of 2
b. Medium rivers grid named “medium” and with a grid code value of 5
c. Large rivers grid named “rivers” and with a grid code value of 7

Preliminaries:
1. Set the model environments – this is a very important step!!
a. Right click on the ARA Data Prep 1: Streams Data model
b. Select “Properties”
c. Click on the “Environments” tab
d. Click “Values”
e. Click “General Settings”
i. For “Current Workspace,” browse to the folder where the project input data is stored. All model outputs will be written to this folder. 
ii. For “Extent,” browse to the DEM for the study area to set the extent for the output. 
f. Click “Raster Analysis Settings”
i. For “Cell size,” browse to the DEM for the study area to set the cell size of the output data. 
2. The maximum cost distance is set to 5000 so that the algorithm stops after a cost distance of 5000. If you want to change this value, right click on the model and select "Edit." Next, double-click on the "Cost Distance" box and replace the value "5000" with the value you want to use. Repeat this for each "Cost Distance" box. For more information on the cost distance function, please visit http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Cost_Distance_algorithm


Double click on the model to open the input data interface (Figure 5). 

[image: ]

Figure 5: ARA Step 1: Option A – Create Cost Distance Surface, Does Not Fill DEM file input interface


Input File Instructions:
1. Browse to the location that you designated as the "Current Workspace" in the Environment Settings. This location should house all your input files, and is where all the model output files will be written.
2. Browse to your folder that contains the elevation raster. The elevation raster will be used to generate a slope grid which will be used as the cost surface in the cost distance command.
3. Add the grid that represents headwater streams in your project area. ***If you did not use the Data Prep model, make sure that the name of your headwaters or small streams raster is "hdwaters" and also make sure that the raster value is set to 2.
4. Add the grid that represents medium sized rivers in your project area. ***If you did not use the Data Prep model, make sure that the name of your medium rivers raster is "medium" and also make sure that the raster value is set to 5.
5. Add the grid that represents large rivers in your project area. ***If you did not use the Data Prep model, make sure that the name of your large rivers raster is "rivers" and also make sure that the raster value is set to 7.

After you have input each of the required data files, the tool will execute as described in the following outline and illustrated in Figure 6 on the following page. 
1. A slope grid (degrees) is generated from the input digital elevation model (DEM). Again, in Option A, the input DEM is not filled. 
2. [image: ]A flow direction grid is generated from the input DEM. This command creates a raster of flow direction from each cell to its steepest downslope neighbor using an eight-direction algorithm. For example, if the direction of steepest drop was to the right of the current processing cell, its flow direction would be coded as 1. 



3. A flow accumulation grid is generated from the flow direction grid. This command creates a raster of accumulated flow to each cell. For more information about this command, please visit the following web site: http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=How%20Flow%20Accumulation%20works
4. The cost distance command is run for each size classes of the streams or lake + streams raster, using the slope grid as the cost raster. To minimize processing time, a maximum distance is set at 5000. This value can be changed by right clicking on the model, selecting “Edit” and then double-clicking on the square boxes that have cost distance in the label. For detailed information on how the cost distance function works, please visit the following web site: http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Cost_Distance_algorithm

[image: Step1A]
Figure 6: Flow of processes in the ARA Step 1: Option A – Create Cost Distance Surface, Does not Fill DEM model
[bookmark: _Toc246497869]ARA Step 1: Option B – Create Cost Distance Surface, Fills DEM

This model requires the same inputs and executes exactly the same as Option A, except that in Option B, the digital elevation model (DEM) is filled (Figure 7). 



[image: Step1B]
Figure 7: Flow of processes in the ARA 1: Option B – Create Cost Distance Surface, Fills DEM model
[bookmark: _Toc246497870]ARA Step 2: Reclass Cost Distance Surface

Description:
This model reclasses the cost distance grids generated for each different stream/river size class from the ARA Step 1 model to delineate the base riparian zone and the wetflat zone for each stream size class. The wetflat zone refers to riparian areas that are likely to be wet as a result of high groundwater and overland runoff from adjacent uplands (Smith et al. 2008). 


Required Data Inputs:
1. Outputs from the ARA Step 1 model should be in the folder that you designated as the “Current Workspace”

Preliminaries:
1. Set the model environments – this is a very important step!!
a. Right click on the ARA Data Prep 1: Streams Data model
b. Select “Properties”
c. Click on the “Environments” tab
d. Click “Values”
e. Click “General Settings”
i. For “Current Workspace,” browse to the folder where the project input data is stored. All model outputs will be written to this folder. 
ii. For “Extent,” browse to the DEM for the study area to set the extent for the output. 
f. Click “Raster Analysis Settings”
i. For “Cell size,” browse to the DEM for the study area to set the cell size of the output data. 
2. Determine values to threshold the cost distance grid to create the base riparian zone and wetflat zone for each stream/river size class. 
a. See the below guidance on cost thresholds from TNC work in the northeastern US. You should study your project area and consider the correct thresholds to represent the kind of flood in which you are interested. 

Threshold Guidance from the Eastern Regional Office (Arlene Olivero, TNC, ECS, 8/13/09)
Cost Thresholds within Regional Stratification Areas:  Existing FEMA 100-year floodzone, NLCD wetlands, and wetflat landforms distributions were visually inspected on top of the river size cost surface results to see which cost grid thresholds were associated with the extent of the FEMA floodplain and mapped likely riparian wetlands. Further overlap analysis and statistical reporting of %FEMA 100 on the cost surface grids and visual exploration of the cost surface output grids, led to the following principles which were used to help set appropriate cost surface thresholds for the base and wetflat grab zone:

1. Larger rivers have more water volume so their floods cover higher costs.
2. In flatter watersheds, cost goes up very slowly as you move away from the river. Cost thresholds will need to be lower in these watersheds in comparison to watershed with more slopes to accommodate/model a flood of the same volume or river size.  
3. Although FEMA maps are of different vintages from state to state, are not available for all counties, and vary in their attention to mapping flood zones around smaller streams/river, the FEMA 100yr floodzone was one of the only available datasets to help calibrate the cost thresholds. It was chosen for detailed study and statistical overlap analysis in counties where it existed.  Choosing cost thresholds that would allow our model to cover or fill FEMA 100 zones was deemed particularly important for the larger river models.  As a conservation organization, we sought to include a generous conservation zone around rivers, and we thus wanted to make sure the Active River Area covered at least most of the existing FEMA 100yr floodplain area mapped on size 2+ rivers.  To achieve a desired % coverage of FEMA with our model, there is however a trade off in terms of the cost surface model spilling onto non-mapped FEMA areas as the cost threshold is increased. Although spilling was sometimes the result of the limitations of our 30m DEM, we also noted that the FEMA 100 floodplain is already a conservative or narrow floodzone in many areas due to the fact its boundaries incorporate the narrowing of the natural 100yr floodplain due to human alteration such as dams and levees which are today expected to hold back 100yr floods.  This is particularly important for the medium to large/great rivers where many human alterations have been put in place to try to control flooding.  The team deemed FEMA fill/coverage progressively more important than spill for larger rivers and wanted to cover at least 80% of existing FEMA in our small and medium river models and closer to 90% for the large and great river systems in the region with the base cost zone.
4. Adding additional wetflat landforms that are nearby or adjacent to the base cost zone can further expand the ARA zone and fill out the coverage of FEMA without creating as much excess spillage into non-FEMA mapped areas that just increasing the base cost threshold would.  Visual testing indicated that adding wetflats within an additional cost area that is 2x the base cost zone is appropriate. 
5. For creeks, streams, and isolated ponds, FEMA was not consistently mapped.  There were also problems in overlap testing with the available FEMA due to inaccuracy in automated ARCGRID allocation of FEMA cells to given size 1 river sources at size 1 to size 1+ river junctions (ARCGRID would automatically and erroneously assign FEMA to size 1 rivers when actually the FEMA was more likely flooded by the larger river size at these junctions).  Some headwater systems in the region were also found to have adjacent flat landscapes even though they were embedded within HUC8s with more overall slope.  These adjacent flat areas caused excessive model spillage (identification of much larger ARA geographic areas) as cost thresholds were increased slightly.  Although similar FEMA overlap testing and visual inspection was done for these streams and creeks, the team felt cost thresholds should be held more conservative than in rivers given issues with the testing and excess spillage.  The team also noted that many of these smaller stream systems may be best conserved with whole catchment conservation strategies, such as the full catchment material contribution zones rather than the riparian ARA focus alone, particularly for the smallest class of “headwaters: 0-3.861 sq.mi. drainage area streams”.
6. Although 7 separate river size systems and an isolated lake class were tested against FEMA overlap and visually inspected, certain sizes had very similar cost threshold testing patterns. The results indicated that 8 unique sets of cost thresholds were not necessary within each HUC Slope group. The 8 types could be logically grouped into 4 major categories “headwaters/creeks/isolated lakes”, “small rivers”, medium rivers” and “large/great rivers”.  These 4 groupings also corresponded to the suggested 4 class simplification of NEAFWA 7 sizes.  
7. Thresholds were assigned for the 4 above input water classes within each of the 4 major HUC slope categories.  These cost thresholds decrease as the HUC slope decreases and within a given HUC slope class the thresholds increase as the size of the rivers increases.  The exact breaks come from detailed study of the FEMA coverage/spill statistics at each cost for each size of river within a given slope class of HUCs along with detailed visual inspection of how these thresholds played out on the ground given our 30m DEM.

	Base Cost Zone Thresholds
	Headwaters, Creeks, Isolated lakes (0<38.61sq.mi. D.A.)
	Small Rivers, with their Connected Lake Systems (38.61<200 sq.mi. D.A.)
	Medium Tributary and Mainstem Rivers, with their Connected Lake Systems (200<3861sq.mi. D.A.)
	Large and Great Rivers, with their Connected Lake Systems (3861+ sq.mi. D.A.)

	HUC Slope Category 1: < 10%
	200
	300
	400
	500

	HUC Slope Category 2: 10<25%
	100
	150
	200
	250

	HUC Slope Category 3: 25<50%
	50
	100
	125
	150

	HUC Slope Category 4: >= 50%
	15
	50
	65
	75

	Average % FEMA Coverage of the above base cost zones
	72.30%
	82%
	81.30%
	91.90%

	*  Note ARA zone will be increased in area with wetflats grabbed within 2x the base cost; thus FEMA coverage will again increase after this addition



8. It was found that the cost thresholds grids also needed to be clipped at some Euclidean distance from the river to avoid problems in the coastal areas with the costs coming from one river skipping far distances across bays/estuaries into other drainages because the cost/slope of the open ocean water was zero.  After visual inspection, the following Euclidean distances were used as masks to restrict the maximum distance a cost surface model for a particular sized river could extend.

Large/Great Rivers: 2 miles, 3219 m
Medium Rivers: 1.5 miles, 2414m
Small Rivers: 1 mile, 1609m
Headwater Creeks/Streams/Isolated Lakes: 1mile, 1609m
**If you are working in a coastal area and want to implement similar distance rules, you could clip the ARA results to the appropriate area for coastal river mouths. 


Double click on the model to open the input data interface (Figure 8).
[image: ]
Figure 8: ARA Step 2: Reclass Cost Distance Surface input interface

Input File Instructions:
1. Browse to the location that you designated as the "Current Workspace" in the Environment Settings. This location should house all your input files, and is where all the model output files will be written.
2. The “0” should be replaced with a number that represents the threshold you want to apply to the headwaters cost distance grid (hwcdist) to define the headwaters base riparian zone. In this command, any values greater than # will be assigned a "NoData" value. All values below the # threshold will be assigned a "2" which will be a unique code for the headwaters base riparian zone.
3. The “0” should be replaced with a number that represents the threshold you want to apply to the headwaters cost distance grid (hwcdist) to define the headwaters wetflat zone. For more guidance on setting thresholds, please refer to the documentation document that accompanies this toolbox. In this command, any values greater than # will be assigned a "NoData" value. All values below the # threshold will be assigned a "20" which will be a unique code for the headwaters wetflat zone.
4. The “0” should be replaced with a number that represents the threshold you want to apply to the medium rivers cost distance grid (medcdist) to define the medium rivers base riparian zone. For more guidance on setting thresholds, please refer to the documentation document that accompanies this toolbox. In this command, any values greater than # will be assigned a "NoData" value. All values below the # threshold will be assigned a "5" which will be a unique code for the medium rivers base riparian zone.
5. The “0”should be replaced with a number that represents the threshold you want to apply to the medium rivers cost distance grid (medcdist) to define the medium rivers wetflat zone. For more guidance on setting thresholds, please refer to the documentation document that accompanies this toolbox. In this command, any values greater than # will be assigned a "NoData" value. All values below the # threshold will be assigned a "50" which will be a unique code for the medium rivers wetflat zone.
6. The “0”should be replaced with a number that represents the threshold you want to apply to the large rivers cost distance grid (riverscdist) to define the large rivers base riparian zone. For more guidance on setting thresholds, please refer to the documentation document that accompanies this toolbox. In this command, any values greater than # will be assigned a "NoData" value. All values below the # threshold will be assigned a "7" which will be a unique code for the large rivers base riparian zone.
7. The “0”should be replaced with a number that represents the threshold you want to apply to the large rivers cost distance grid (riverscdist) to define the large rivers wetflat zone. For more guidance on setting thresholds, please refer to the documentation document that accompanies this toolbox. In this command, any values greater than # will be assigned a "NoData" value. All values below the # threshold will be assigned a "70" which will be a unique code for the large rivers wetflat zone.

After you have input each of the required data files, the tool will execute as described in the below outline and illustrated in Figure 9 on the following page. 

1. For each size class, the resultant cost distance grid generated in Step 1 is reclassified to create a base riparian zone and a wetflat zone for each stream size class using the SetNull command in ArcGIS 10.x. The thresholds are specific to a study area and are entered by the user in the parameter interface. 
a. The wetflat zone will serve as a mask in later processes to limit the area from which wetflat cells can be taken. 


[image: ]

Figure 9: Flow of processes in the ARA Step 2: Reclass Cost Distance Surface model
[bookmark: _Toc246497871]
ARA Step 3: Create Moisture Index to Build Wetflats

Description:
This model generates a moisture index grid that is then used to define areas that are expected to be the wetflat area for each stream/river size class within the wetflat zone delineated in ARA Step 2 model. 

Required Data Inputs:
1. All the outputs generated from the Step 1 and Step 2 Models should be in the folder you designated as the “Current Workspace”

Preliminaries:
1. Set the model environments – this is a very important step!!
a. Right click on the ARA Data Prep 1: Streams Data model
b. Select “Properties”
c. Click on the “Environments” tab
d. Click “Values”
e. Click “General Settings”
i. For “Current Workspace,” browse to the folder where the project input data is stored. All model outputs will be written to this folder. 
ii. For “Extent,” browse to the DEM for the study area to set the extent for the output. 
f. Click “Raster Analysis Settings”
i. For “Cell size,” browse to the DEM for the study area to set the cell size of the output data. 


Double click on the model to open the input data interface (Figure 10)
[image: ]
Figure 10: ARA Step 3: Create Moisture Index to Build Wetflats


Input File Instructions:
1. Browse to the location that you designated as the "Current Workspace" in the Environment Settings. This location should house all your input files, and is where all the model output files will be written.
2. Browse to the folder where your elevation grid is located and select it.
3. In this step, you only need to adjust the expression if you are NOT using 30-m resolution data. The default focal mean area is a 3 x 3 rectangular window, which for 30-m data translates to a 8100 square meters. If you are using 10-m data, you will need to edit the expression so that the rectangular window will be 8100 square meters. To do this, type the following expression: int(focalmean(moistint, rectangle, 9, 9) + 0.5). The revised statement tells ArcGIS to calculate the average value of each pixel based on the surrounding 9 x 9 rectangular window, which for 10-m data translates to 81 * 100 sq m = 8100 sq meters. If the data resolution is different, a general formula for determining the appropriate window is to divide 8100 by the square of the data resolution, and then take the square root of the result. For example, if you have 10-m data, the calculation is 8100 / 100 = 81. The square root of 81 is 9. For certain cell resolution, the output will need to be rounded. For example, if you have 20-m data, the rectangular window should be 4.5 but that is not a valid size so you can either round up to a 5 x 5 window or round down to a 4 x 4 window.

After you have input each of the required data files, the tool will execute as described in the below outline and illustrated in Figure 11 on the following page. 

1. The first step in creating a moisture index is executed in which the following formula is executed in the Single Output Map Algebra environment.
a. ln(flow accumulation grid + 1) / (slope + 1))
2. The next step in the creating the moisture index is to multiply the output grid from Step 1 by 1000 and then take the integer value in the Single Output Map algebra environment
a. int(moisture index * 1000)
3. Next, the focal mean of the moistureindex1000 grid is taken + 0.5. The focal mean command takes the mean of the values for each cell within a specified neighborhood size. To learn more about the focal mean command, please visit the following web site: http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=focalmean
a. 


[image: Step3]
Figure 11: Flow of processes in the ARA Step 3: Create Moisture Index and Build Wetflats
[bookmark: _Toc246497872]ARA Step 4: Option A – Refine Wetflats, 8 Nearest Neighbors Region Group, and Add to Base Riparian Zones

Description:
This model refines the moisture index created in the ARA Step 3 model to create a wetflat grid where moisture is high (low slope and high flow accumulation). The initial wetflat grid is then refined by only selecting wetflat cells that are adjacent to the base riparian zones for each stream size class and that are also within the wetflat grab zone generated in the ARA Step 2 model. The model then combines the wetflats and base riparian zones for each stream/river size class using the allocation rules provided by TNC ECS and described below. 

Allocation Rules (modified from Arlene Olivero, 8/13/09)
During model development, the TNC ECS set rules to define how the base cost zones and wetflat grab zones coming from different sizes of rivers would integrate. Although these rules do not influence the ultimate areal extent of the model, these rules are necessary to provide users with an “allocation grid value”. The allocation value tells users from which size river/stream a given cell was most likely to be flooded/active. Because bigger rivers have more water volume and power to flood than smaller rivers, larger river base cost zones overwrite smaller river base cost zones. For example in areas of overlap, the base cost zone (floodzone) of a large river overwrites/takes precedence over the base cost zone of a medium river which overwrites the base cost of a headwater stream. These areas of overlap are mostly at river junctions, for example where a medium river merges into a large river. The wetflats which are found within the wetflat grab zone (2x base cost zone) of the input water are then added in underneath. The wetflats in the grab zones of the large and medium rivers are added in a similar fashion to the base zones where large rivers grab zone wetflats overwrite medium rivers. The wetflats are added in “underneath” or with lower precedence than the base zones because  we are assuming the added wetflats in these 2x base cost wetflat grab zones are only flooded in more extreme flood events. For example, if a wetflat pixel is in the direct base cost of a medium river but also in the additional wetflat grab zone of a large river, it should be allocated to the medium river floodzone as more generally it is flooded by the medium river we might predict. Although in some cases it could receive flooding from the larger river, we had to make the allocation grid a simple assignment and thus the result represents a simplified allocation system and our best hypothesis regarding general rules of how rivers flood and interact with the landscape. The headwaters systems are added in underneath the above model. First their base cost zone is added and then their wetflats from their wetflat grab zone. This size class was deemed to have the least power to flood and thus the larger river base and wetflat zones should dominate where there was overlap. The team also wanted the ARA riparian model to be most robust for the medium and larger rivers and expects that many users will eliminate the headwater ARA areas from their planning. Thus again this size class should have the lower precedence in areas of overlap with the base or wetflats zone from size medium and larger rivers. 

Required Data Inputs:
1. All the outputs generated from the Step 1, Step 2, and Step 3 Models should be in the folder you designated as the “Current Workspace”

Preliminaries:
1. Set the model environments – this is a very important step!!
a. Right click on the ARA Data Prep 1: Streams Data model
b. Select “Properties”
c. Click on the “Environments” tab
d. Click “Values”
e. Click “General Settings”
i. For “Current Workspace,” browse to the folder where the project input data is stored. All model outputs will be written to this folder. 
ii. For “Extent,” browse to the DEM for the study area to set the extent for the output. 
f. Click “Raster Analysis Settings”
i. For “Cell size,” browse to the DEM for the study area to set the cell size of the output data. 
2. Determine the threshold to distinguish wet/dry cells to create the initial wetflat output grid. Before running the Step 4 model, you should review the “fmean” output grid generated from the Step 3 model to determine a threshold to identify cells likely to be wet based on high flow accumulation and low slope. Users have found it helpful to overlay wetland and/or hydric soils data for their study area on the fmean output grid to aid in the selection of a threshold. 

Double click on the model to open the input data interface (Figure 12)

[image: ]
Figure 12: Interface for ARA Step 4: Option A – Refine Wetflats, 8 Nearest Neighbors Region Group, and Add to Base Riparian Zones.

Input File Instructions:
1. Browse to the location that you designated as the "Current Workspace" in the Environment Settings. This location should house all your input files, and is where all the model output files will be written.
2. In this step, enter the wet/dry threshold and greater than or less than sign appropriate for your study area where moisture is high (i.e., wetflats). The default threshold value is 1.5 but this should be adjusted after reviewing the output for your study area. Note that the wetflat zone created in the Step 2 model is used as a mask to limit the area from which wetflat cells can be grabbed. All values less than the threshold are set to 100 and represent “wet” cells. 
3. Select your elevation grid to set the cell size of the output grids. 

After you have input each of the required data files, the tool will execute as described in the below outline and illustrated in Figure 13 on the following page. 

1. The moisture index generated in Step 3 is converted so that all values within the threshold determined for your study area are set to 100 and all other cells are set to “NoData.
2.  The “inputwat” raster file from the Data Prep 1 or if you have lakes, Data Prep 2 model is merged with the “wet” grid generated above. Again, the wetflat zone is used as a mask. 
3. The water cells from the “inputwat” grid are set to “NoData” using the Set Null command for all values < 100 (100 being the value for wet cells). Again, the wetflat zone is used as a mask. 
4. The remaining wet cells are region grouped. The region group command assigns a unique number to each cell that represents the region to which the cell belongs. In this model, the number of neighboring cells used is eight. That is, connectivity is defined between cells if they are within the immediate eight-cell neighborhood of each other. This includes cells to the right or left, above or below, or diagonal to each other. Again, the wetflat zone is used as a mask. 
5. The region grouped grid is then expanded by one grid cell. 
6. The region grouped grid is combined with the base riparian zone grid for each river/stream size. 
7. The region-grouped grid (non-expanded) is converted to a polygon. 
8. A series of join table queries is used to select the grid cell ids from the region grouped polygon that match the attribute values of the expanded combo grids (non-expanded region grouped cells that overlap with the combo grids). 
9. For each size class, the selected wetflat polygons are converted to a raster file with the same cell size as the input DEM. 
10. For each size class, the resultant wetflat grids are reclassified so the grid values will be unique and allow identification of the ARA components.
a. Headwaters wetflats = 22
b. Medium rivers = 55
c. Large rivers = 77
11. To show how the floodzones are expanded by the wetflats to create the base riparian zone, the floodzones generated in Step 2 are merged on top of the wetflat grids as follows: large rivers floodzone, medium rivers floodzone, large rivers wetflat, medium rivers wetflat, headwaters floodzone, headwaters wetflats to create the “fld_wflt” output for the Active River Area. 
a. Headwater base riparian zone = 2
b. Medium rivers base riparian zone = 5
c. Large rivers base riparian zone  = 7
d. Headwaters wetflats = 22
e. Medium rivers wetflats = 55
f. Large rivers wetflats = 77
12. A final output is created that identifies if a base zone riparian cell occurs on a wetflat. The output is called “fldwf_wflt” and has the following attribute values
a. Headwater base riparian zone that does not occur on a wetflat (non-wetflat) = 2
b. Medium rivers base riparian zone that does not occur on a wetflat (non-wetflat)  = 5
c. Large rivers base riparian zone  that does not occur on a wetflat (non-wetflat)  = 7
d. Headwaters base riparian zone that occurs on wetflats = 22
e. Medium rivers base riparian zone that occurs on wetflats = 55
f. Large rivers base riparian zone that occurs on wetflats = 77
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Figure 13: Flow of processes in the ARA Step 4: Option A - Refine Wetflats, 8 Nearest Neighbors Region Group, and Add to Base Riparian Zones 

[bookmark: _Toc246497873]ARA Step 4: Option B – Refine Wetflats, 4 Nearest Neighbors Region Group, and Add to Base Riparian Zones

This model identifies the wetflat cells generated in ARA Step 3 model that are immediately adjacent to the base riparian zones for each stream size class and that are also within the wetflat grab zone generated in the ARA Step 2 model. The difference between Step A and Step B is the rule used to group the wetflat cells. In Option A, the wet cells are region grouped using an four nearest neighbors rule whereas in Option B, the wet cells are clustered using a more conservative four nearest neighbors rule. That is, connectivity is defined between cells of the same value only if the cells are directly to the right or left or above or below each other — the four nearest neighbors. If two cells with the same value are diagonal from one another, they are not considered connected.

The model then combines the wetflats and base riparian zone for each stream/river size class using the same approach as described in Option A. 






[image: ]

Figure 14: Flow of processes in the ARA Step 4: Option B - Refine Wetflats, 4 Nearest Neighbors Region Group, and Add to Base Riparian Zones
[bookmark: _Toc246497874]ARA Step 5: Generate Non-Headwater Material Contribution Zones and Add to Wetflats and Base Riparian Zones

Description:
This model creates the non-headwater material contribution zone component of the Active River Area. The non-headwater material contribution zone (mcz) is designed to pick up additional narrow areas adjacent to the streams/rivers. These areas are not floodplain/flat active river areas, but are still actively contributing to the river through erosion, input of large woody debris, etc. These areas are often found adjacent to streams and rivers within very confined valleys where there is little floodplain and/or flat areas adjacent to the rivers. Once the non-headwater material contribution zone has been created, the last step of the model merges the non-headwater material contribution zone cells "under" the existing floodplain/wetflat Active River Area. This allows the existing floodplain Active River Area to dominate and the non-headwater riparian material contribution zones will only be added where there is not an existing Active River area. 

Required Data Inputs:
1. All the outputs generated from the Step 1, Step 2, Step 3, and Step 4 Models should be in the folder you designated as the “Current Workspace”

Preliminaries:
1. Set the model environments – this is a very important step!!
a. Right click on the ARA Data Prep 1: Streams Data model
b. Select “Properties”
c. Click on the “Environments” tab
d. Click “Values”
e. Click “General Settings”
i. For “Current Workspace,” browse to the folder where the project input data is stored. All model outputs will be written to this folder. 
ii. For “Extent,” browse to the DEM for the study area to set the extent for the output. 
f. Click “Raster Analysis Settings”
i. For “Cell size,” browse to the DEM for the study area to set the cell size of the output data. 
2. Determine the number of cells to expand the “inputwat” grid.  TNC ECS recommends an expansion of three cells in the input water raster. This would give you a 90m (~300ft) buffer on either side of the input water cells. This default value of 3 cells can be changed via the input parameter interface. 

Double click on the model to open the input data interface (Figure 15).
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Figure 15: ARA Step 5: Generate Non-Headwater Material Contribution Zones and Add to Base Riparian Zones and Wetflats model interface


Input File Instructions:
1. Browse to the location that you designated as the "Current Workspace" in the Environment Settings. This location should house all your input files, and is where all the model output files will be written.
2. Input the number of cells by which you want to expand your input water cells. If your water is represented as 30m cells, we suggest an initial expansion zone of 3 cells. This would give you a 90m (~300ft) buffer on either side of the input water cells.


After you have input each of the required data files, the tool will execute as described in the following outline and illustrated in Figure 16. 

1. To delineate the non-headwater material contribution zones, all input water cells are expanded by 3 cells, which is equivalent to a 300 ft buffer. The default value is 3 cells but this can be changed during the input parameter interface. 
2. The resultant non-headwater material contribution zone grid is then added in underneath the above floodzone + wetflat grid to allow this zone to be delineated where existing ARA riparian base cost zone and wetflat grab wetflats are not present (output grid = “ara _mcz”). ARA components are coded as follows:
a. Headwater riparian base zone = 2
b. Medium rivers riparian base zone = 5
c. Rivers riparian base zone = 7
d. Headwaters wetflats = 22
e. Medium rivers wetflats = 55
f. Rivers wetflats = 77
g. Headwaters non-headwater material contribution zones = 200
h. Medium rivers non-headwater material contribution zones = 500
i. Rivers non-headwater material contribution zones = 700 
3. A final output is created where the resultant non-headwater material contribution zone grid is merged in underneath the final output from Step 4 (fldwf_wflt) to allow this zone to be delineated where existing ARA riparian base cost zone and wetflat grab wetflats are not present (output grid = “ara_fldwf_mcz”). ARA components are coded as follows: 
a. Headwater riparian base zone, non-wetflat = 2
b. Medium rivers riparian base zone, non-wetflat = 5
c. Rivers riparian base zone, non-wetflat = 7
d. Headwater riparian base zone that occurs on wetflat cells = 22
e. Medium rivers riparian base zone that occurs on wetflat cells = 55
f. Rivers riparian base zone that occurs on wetflat cells = 77
g. Headwaters non-headwater material contribution zones, non-wetflat = 200
h. Medium rivers non-headwater material contribution zones, non-wetflat = 500
i. Rivers non-headwater material contribution zones, non-wetflat = 700
j. Headwaters non-headwater material contribution zones, wetflat  = 222
k. Medium rivers non-headwater material contribution zones, wetflat = 555
l. Rivers non-headwater material contribution zones, wetlat = 777
4. If you want to change any of these code values, you can use the Reclassify command in ArcGIS to recode values. 
5. If you want to change the order in which the floodzone and wetflat zones are merged, the outputs are all in the Workspace fold you assigned, and can be merged using Mosaic or the merge command in raster calculator.
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Figure 16: Flow of processes in the ARA Step 5: Non-Headwater Material Contribution Zones model
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