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Background 

The mapping guidance v5.1 was collectively vetted with a selection of municipal stormwater managers 
and their respective regulatory representative at the Central Coast Regional Water Quality Control Board 
to identify priority user guidance refinements to better balance municipal workflow needs and information 
required to evaluate regulatory compliance. The guidance will continually be improved to meet the needs 
of stormwater managers within the concise mission defined for the 2Nform Stormwater Software Suite. User 
feedback is encouraged to ensure useful and feasible improvements are identified, allowing continued 
effective iterations toward a simple, practical and user-friendly platform. 

Legal Notices 

The 2Nform Stormwater Software Suite is the exclusive intellectual property of 2NDNATURE Software Inc. Use 
is subject to the terms and conditions of an agreement executed with 2NDNATURE Software Inc. prior to 
access being given to such product.  

Copyright © 2020. 2NDNATURE Software Inc. 

Information in this Guidance Document and all 2NDNATURE technical support policies are subject to 
change without notice.  

This Guidance Document is provided “as is” and without warranty of any kind. 2NDNATURE Software Inc. 
expressly disclaim all warranties, expressed or implied, including, but not limited to, the implied warranties of 
merchantability and fitness for a purpose and against infringement.  

U.S. Patent Application No. 62/534,173. Systems and Methods for Event-based Modeling of Runoff and 
Pollutant Benefits of Sustainable Stormwater Management. 
 
2NDNATURE Software Inc. 
500 Seabright Avenue, Suite 205 
Santa Cruz, CA 95062 
Phone +1 831 426 9119 
http://www.2ndnaturewater.com/ 

https://docs.google.com/spreadsheets/d/1foHTsJuZydPsEzG0wJxzpVNbpGq51y8y_eivHV9oEYQ/edit#gid=0
https://docs.google.com/spreadsheets/d/1foHTsJuZydPsEzG0wJxzpVNbpGq51y8y_eivHV9oEYQ/edit#gid=0
http://www.2ndnaturewater.com/case-studies/case-study-monterey-county/
http://www.2ndnaturewater.com/case-studies/case-study-monterey-county/
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SPATIAL DATA OVERVIEW 
Collectively, 2Nform provides a transparent process and comprehensive information management system 
for municipalities to comply with MS4 permit requirements and manage more efficient and informed 
stormwater programs. The 2Nform platform requires a municipality’s specific MS4 area to be delineated into 
unique urban drainage catchments to link the urban landscape to local waterways and provide a baseline 
to measure program effectiveness over time.  

This guidance document defines the process for GIS professionals to leverage existing, readily available data 
to generate the necessary spatial data layers to use 2Nform. Once the municipality generates an initial draft, 
these data can be strategically refined as resources allow. Refinement is expected to be iterative and will 
continue to improve as the municipality utilizes 2Nform.  

The six spatial data layers required are: 

1. MS4 Permit Area Boundary 4. Urban Land Use 
2. Receiving Waters 5. Stormwater Catchments 
3. Parcels 6. Stormwater Outfalls & Flow Direction 

 

 

 

 

 

 

 

 

 

 

 

Additionally, users will also need to gather their existing structural BMP (sBMP) (Section 7), construction 
projects (Section 8), and trash on-land visual assessment and/or full capture system (FCS) data (Section 9). 
These data will be translated into 2Nform’s existing database schema for easy transition.  

Note: Throughout this guidance document, there will be notes when a customized geoprocessing model has 
been created to streamline certain tasks. To download and use these geoprocessing models, please view 
Appendix C.  

 

http://www.2ndnaturewater.com/2Nform/
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DETAILED DATA REQUIREMENTS 
The spatial data layers and supporting attribute tables must include all required attributes properly named 
and formatted prior to upload into 2Nform.  

1 MS4 PERMIT AREA BOUNDARY 

The MS4 permit area boundary layer is a single polygon delineating the municipality’s 
permit jurisdiction area, as approved by the Regional Water Board. For cities, the permit 
boundary area is typically the same as the City’s municipal boundary.  For counties, the 
permit boundary will typically only encompass the County’s urbanized areas. All other 
spatial data needs will conform to this boundary. 

CONSIDERATIONS: 

• Collaborate with neighboring MS4 jurisdictions to ensure shared MS4 boundaries are consistent 
and directly align. Stormwater routing patterns do not tend to follow political boundaries, so 
information sharing will set the foundation for future regional stormwater collaboration.  

• Many MS4 permit area boundaries contain inholdings or non-traditional MS4 permit holders 
(such as universities, prisons, transportation agencies, military facilities, etc.). These areas may 
fall within the physical MS4 boundary, yet the subject municipality doesn’t have jurisdiction 
over management of these areas. In these instances, we recommend including these areas as 
part of your mapped MS4 boundary rather than excluding them. Collaboration with these 
specific landowners through coordinated use of the software can be arranged. 

1.1 DATA SOURCES 

• US Census Bureau (link) 

There are several other potential data sources for the MS4 boundary file (e.g., CDP, Urban Service Area, 
etc.), each with a variety of editions and ages. We recommend using the most current data source that 
best represents the permitted coverage area. 

1.2 LAYER ATTRIBUTES 

The MS4 Permit Area Boundary requires only 2 attributes: “name” and “area” (Table 1).  

Table 1 - MS4 Boundary layer attributes. Other fields can be included but will not be uploaded to the software. 

FIELD 
NAME FORMAT DESCRIPTION EXAMPLE NEED 

name text official name of MS4 area “City of Santa Cruz” required 
area double area of MS4 in acres “5240.78” required 

  

https://www.census.gov/cgi-bin/geo/shapefiles/index.php
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1.3 REGIONAL COLLABORATION 

Collaborate with neighboring MS4 jurisdictions to ensure shared MS4 boundaries are consistent and 
directly align. In addition, collaboration on catchment delineations are valuable for regional planning 
efforts as stormwater routing patterns do not tend to follow political boundaries. 

1.4 ADDITIONAL CONSIDERATIONS 

Many MS4 permit area boundaries contain inholdings or non-traditional MS4 permit holders (such as 
universities, prisons, transportation agencies, military facilities, etc.). These areas may fall within the 
physical MS4 boundary, yet the subject municipality doesn’t have jurisdiction over management of these 
areas. In these instances, we recommend including these areas as part of your mapped MS4 boundary 
rather than excluding them. Collaboration with these specific landowners through coordinated use of 
the software can be arranged in the future.  

1.5 DATA VERIFICATION & REVISIONS 

The MS4 permit area boundary is the foundation of the remaining mapping products. All spatial data 
that will be uploaded to 2Nform’s software platform will need to be clipped to the MS4 boundary. This 
includes land use, assessor’s parcels, catchments, and outfall layers. Errors or revisions to the MS4 permit 
area boundary will require revisions to all other mapping layers.  

2 MS4 RECEIVING WATERS 

“Receiving waters” are significant streams or water bodies into which the MS4 urban 
landscape drains. Every point within the MS4 will eventually discharge into a single named 
receiving water. The municipality will leverage available datasets and local knowledge to 
make a reasonable determination of the receiving waters to which your urban landscape 
discharges. Final MS4 receiving water determinations and designations should be verified 
with your Regional Water Board. 

CONSIDERATIONS: 

• Any water body (lake, stream, channel, slough, etc.) that is designated as a 303(d)-listed impaired 
water body must be specifically designated as an individual receiving water.  

• Collaborate with regional partners. Consistent spatial alignment and naming conventions of shared 
receiving waters will be advantageous to future regional planning efforts. 

2.1  DATA SOURCES 

• The USGS National Hydrography Dataset (NHD) is a nationally available spatial dataset of the 
nation’s streams, rivers, coastlines and waterbodies. Given the NHD dataset’s extent and 
prominence, we expect that use of the high resolution NHD layer is a suitable definition of receiving 
waters for most municipalities. NHD data can be downloaded from nhd.usgs.gov. 

https://nhd.usgs.gov/data.html
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• 303(d) listed waters. Include the 303(d) listed streams to which the municipality drains in the MS4 
receiving water layer. Data can be downloaded from the US EPA or the State Water Board. Note: 
spatial data for 303(d) waters is typically matched to the medium resolution NHD data so some 
reconciliation of the 303(d) layers with the high resolution NHD lines may be necessary.  

• ArcGIS Living Atlas. Esri’s Living Atlas catalogs all kinds of authoritative spatial data. Included in this 
are the USA Surface Water and USA Polluted Waters layers. Simply pull these sources into any 
project in ArcGIS Pro or ArcMap.  

• Local data. If local or regional streams and waterbodies spatial data exists, those data should be 
considered, and in some instances, may be more accurate than the national datasets. It is up to 
the municipality to select the dataset that best represents their jurisdiction and/or append local 
variations to the NHD layer. 

2.2 CREATE MS4 RECEIVING WATER LAYER 

1. Obtain and overlay the NHD, 303d, and local stream and water body data layers with the MS4 
permit area boundary layer.  

2. Visually identify all water bodies to which any area within the MS4 boundary may directly 
discharge stormwater.  

3. Any water body (lake, stream, channel, slough, etc.) that is designated as a 303(d) impaired water 
body must be specifically designated as an individual receiving water. Use best available data 
source to define the location of those waters.  

4. Using the NHD and available local layer, as well as Google Earth imagery, remove erroneous or 
unnecessary lines.   

As a national dataset, the NHD layer may contain discontinuous lines or remnant channels that 
may have existed prior to urban development. Delete these flowlines or label as “other” (flowType 
= “other”, see Table 2) to indicate that they serve a purpose for stormwater conveyance but are 
not significant enough to be considered “receiving waters.” Such flowlines may include: 

• Flowlines with no evidence of channel formation or past surface water flow and without 
presence of riparian vegetation. This may include flow lines that have been transformed into 
subsurface stormwater conveyance and paved over.  

• Segmented lines in the NHD layer that do not connect to visible channels or streams. 
 

5. Consider the addition of any clearly visible surface water features using Google Earth that are not 
included in the NHD layer. Consider the local relevance of streams and water bodies that have 
recreational, ecological or other beneficial use significance.  

6. Review the names of all receiving waters to correspond with local naming conventions, paying 
attention to name any NHD “unnamed” flow lines.  

• Please note: receiving waters cannot be named with any special characters (i.e. no ‘/’, 
‘&’, or ‘.’ are allowed. Spaces are permitted.)   

7. The final MS4 receiving water layer should be saved and referenced as the user progresses through 
the mapping.  

 

 

https://www.epa.gov/waterdata/waters-geospatial-data-downloads
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2012.shtml
https://www.arcgis.com/home/item.html?id=33509270162844e5ac323a5857c4fa2f
https://www.arcgis.com/home/item.html?id=dfc9008829a6487db7e3050045c163fe
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2.3 LAYER ATTRIBUTES 

The MS4 receiving waters layer requires 3 attributes: “name,” flowType,” and “source”.  

Table 2 - Receiving Waters layer attributes. Other fields can be included but will not be uploaded to the software. 

FIELD NAME FORMAT DESCRIPTION EXAMPLE NEED 

name text 
official name of waterbody 
(cannot contain any special 
characters) 

“Stenner Creek” required 

flowType text type of waterbody   
“303d”  
“receiving”  
“other” 

required 

source text 
data source (e.g. original 
NHD, modified NHD, or local) 

“NHD”  
“modified NHD_Salinas” 
“local_SLO” 

optional 

ReachCode integer 
reach code for waterbodies 
associated w/ NHD layer 

“180600040002292” optional 

2.4 REGIONAL COLLABORATION 

Collaborate with your regional partners to ensure consistent alignment and naming of receiving waters.  

2.5 DATA VERIFICATION & REVISIONS 

Use Google Earth tilt 3-D view or other aerial imagery including wet season images or inspect directly in 
the field to help verify the receiving water layer. NHD spatial data, local streams data, and waters 
included on the 303(d) impaired waters lists will change over time. As new 303(d) listing occurs to local 
receiving waters it will be important for municipalities to update their receiving water layer as resources 
allow. 
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3 PARCELS 

2Nform uses parcels and roads as the foundational building blocks of the urban 
landscape, with the entire MS4 area being defined as one of 10 urban land use types. 
The ten types are defined in Table 3. The urban parcel layer consists of the best 
available local assessor’s parcel data, each assigned a single land use type.  

 

CONSIDERATIONS: 

• Parcel land use should reflect current land use, not planned or zoned.  
• Trash Priority Land Use (PLU) will be identified in the parcel layer for California municipalities. 

 

Table 3. Urban land use types and definitions 

LU 
Type LU Name Definition 

Parcels 

IND Industrial 

Includes any parcels where industrial activities such as manufacturing, power 
generation, transportation or shipping facilities, processing of products, 
storage of vehicles or equipment or other parcels with high density 
equipment and/or vehicles present. Industrial parcels can be either publicly 
or privately owned. This includes airports.  

COM Commercial
/ Institutional 

Parcels that include buildings structures that service a high density of human 
traffic and can be either privately or publicly owned. Commercial parcels 
include but are not limited to stores, shopping centers, office space, 
restaurants, and motels, as well as hospitals, schools or other public or 
institutional facilities.  

MFR Multi-family 
Residential 

Multi-family residential includes townhouses, apartments, mobile home parks, 
condominiums, etc., and their common areas. 

SFR Single Family 
Residential 

Parcels used for single-family homes.  

OTH Other/ 
Open Space 

Undeveloped areas with minimal structures. Includes parks, open space 
easements and campgrounds.  

CUL Cultivated 
Agricultural lands where crops are cultivated and grown, and characterized 
by activities such as tilling, irrigation, application of fertilizers, etc. 

Roads 

HTR High Traffic 
Roads 

Roads and adjacent right of way areas that receive relatively high traffic for 
a given municipality. Includes the functional road classes of interstates and 
other freeways and expressways. 
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LU 
Type LU Name Definition 

MTR Medium 
Traffic Roads 

Roads and adjacent right of way areas with medium traffic densities for a 
given municipality. Includes the functional road classes of other principal 
arterial and minor arterial roads. 

LTR Low Traffic 
Roads 

Roads and adjacent right of way areas with relatively low traffic density for a 
given municipality. Includes the functional road classes of major collector, 
minor collection, local, and undefined roads. 

UPR Unpaved 
Roads 

Roads and adjacent right of way areas that are not paved. 

3.1 DATA SOURCES 

• Assessor’s parcel layer 

There are many potential sources for parcel land use data, but we recommend the use of the best 
available assessor’s parcel layer. The unique APN numbers assigned to each parcel are used as unique 
parcel ID codes, required by 2Nform. All municipalities should possess an assessor’s parcel data layer 
with an assessor’s use code for tax purposes. If you choose to use an existing land use data layer that is 
not the assessor’s parcel layer, ensure the required parcel data fields and formats are created 
appropriately (see Table 5). 

3.2 CONVERT PARCEL AND LAND USE TYPES 

The spatial resolution of available assessor’s parcel layers is sufficient but requires a re-classification of the 
hundreds of potential land use codes into one on of the 6 defined (Table 3).  To convert assessor’s parcel 
use codes into the 6 land use attributes, a crosswalk needs to be created. 

1. Identify the assessors use codes layer in GIS and export the attribute table data to Excel 
2. List the assessors use codes in Excel in one column  
3. Reclassify each assessor’s use code into one of the urban land use types in Table 3 

CONSIDERATIONS: 

• Schools should be classified as Commercial/Institutional  
• Appendix A provides several Assessor Use Codes and the reclassified land use type we have come 

across in the past that may be helpful.  
• If it is not completely clear which of the 6 land use types to use, assign the most applicable type 

that first appears in the Table 4 below: 

Table 4. Select the most applicable parcel land use type that FIRST appears 

1 IND Industrial 4 SFR Single-family residential 
2 COM Commercial/institutional 5 CUL Cultivated 
3 MFR Multi-family residential 6 OTH Other/undeveloped/open space 

Once all land use codes have been reclassified, the excel file will be imported to GIS as follows: 

1. Save the crosswalk table as a .csv file and add it into GIS. 
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2. Join the crosswalk table to the parcel layer, basing the join on the assessor’s use codes field.  
3. Export the joined layer and title it “Parcel_LU”. 
4. Display the reclassified field from the crosswalk. 

The final parcel layer will look like Figure 3-1, gaps at the roads and right-of-way areas are okay at this 
point in land use generation.  

Figure 3-1 Parcel layer map showing data gaps for roads and right of way 

3.3 DATA VERIFICATION & REVISIONS 

The land use crosswalk process is a good start to reclassify many parcels. Additional data verification 
should be done to refine the layer and address any discrepancies. This refinement is done manually 
though inspection of the municipality and use of local knowledge, Google Earth and Google Street view. 
This process can be tedious, but the more time spent systematically using available information to 
properly assign land use types, the more representative the initial mapping datasets will reflect the 
municipal landscape. Below are some considerations to complete this refinement process.  

• Display the layer and visually inspect any gaps that align with a parcel. Roads and right-of-way 
areas may be blank, but all parcels must possess a land use.  

• Every parcel must be assigned a single land use type. There are two common issues to keep in 
mind:  

1. Stacked parcels can be common, where floors of tall building can be separately owned. 
In the instance of “stacked” parcels that possesses multiple land use types, select the most 
representative or greatest area land use type for that parcel footprint. Use Table 4 as 
guidance if needed. Use the geoprocessing tool Delete Identical with ’Shape’ as the input 
field to remove any parcels with the same geometry.   
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2. With larger parcels, there may be a desire to delineate a parcel into two different land 
use types. For example, there may be a question to sub-divide a school with 50% of the area 
as an outdoor field facility could be designated as commercial (COM) for the buildings and 
parking lots and other (OTH) for the pervious field surfaces. This will result in erroneous uses of 
the mapping data within 2Nform. Each parcel should be only one land use type. In this 
school example, a parcel of potentially mixed land use should be classified as COM.   

• The land use should reflect current use and management, not zoning or proposed. Particularly 
undeveloped lots should be classified as other (OTH) rather than what zoning may reflect. Similarly, 
parcels classified as OTH should be confirmed to not be developed. Use Google Earth and local 
knowledge to properly determine current land use. This proper assignment of current land use will 
generate data that best represents existing urban landscape conditions.  

3.4 ASSIGN TRASH PRIORITY LAND USE  

Note: This attribute only applies to municipalities in the State of California.  

The State of California established a state-wide water quality objective in 2015 for trash and 
implementation provisions using a land-use based compliance approach that targets high trash 
generating areas. Each parcel must also be denoted whether it is included in the respective agency’s 
trash priority land use area or not (1=yes, 0=no). The Trash Priority Land Use layer is created 
automatically within 2Nform based on the parcel designations.  

If your municipality does not have a trash priority land use, simply put 0 in the PLU field for all parcels. 

For help creating your agency’s trash priority land use layer, please contact 2NDNATURE customer 
support. 

3.5 LAYER ATTRIBUTES 

The assessor’s parcel layer requires 4 attributes: “parcelID,” which is typically an APN, “LU,” “area,” and 
“PLU”.  

Table 5 - Assessor's Parcels layer attributes. Other fields can be included in layer but will not be uploaded to the 
software platform. 

Field Name Format Description Example Need 

parcelID text 
assessor’s parcel number (APN) or 
similar unique parcel ID 

“22-902-10” required 

LU text 
urban parcel land use type (1 of 6 
options) 

“SFR” required 

area double parcel area (in acres) “5.63” required 

PLU integer 
Use 1 or 0 to indicate whether this 
parcel is included in the 
municipality’s trash priority land use. 

1 – yes 
0 – no 

Required 
(0 if n/a) 

parusecode text 
parcel use code (from original 
parcel layer) 

“022” optional 

parusedesc text 
parcel use description (from original 
parcel layer) 

“020-SINGLE 
RESIDENCE” 

optional 
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address text parcel address 
“500 Seabright 

Ave” 
optional 
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4 URBAN LAND USE  

The urban land use layer is created by merging the parcel layer and a buffered roads 
layer. Once complete, the urban land use layer is used to generate the land use 
distribution summary for each catchment.  

 

 

CONSIDERATIONS: 

• The land use layer is created by combining the finalized parcel layer (Section 3) with a buffered 
roads layer (Section 4.2) 

• There should not be any gaps or overlaps in the land use layer. The sum of the land use layer must 
equal the total area of the MS4. A parcel may only contain one land use.  

• Road layers that exist as polylines will need to be converted to polygons and classified based on 
traffic density.  

• Right of way areas and missing parcels will lead to gaps in this layer. These gaps will need to be 
identified and manually assigned a land use type. 

• It is highly recommended to use the suggested tools in the Baseline Mapping Toolbox (Appendix 
C) to create the buffered roads and draft land use layer.   

4.1 DATA SOURCES 

• Urban parcel layer (Section 3) 
• Buffered urban road layer (Section 4.2) 

o California state-wide roads layer. 2NDNATURE has obtained and refined existing state-
wide road datasets to create a road layer for the entire State of California that is an 
appropriate layer for California municipalities to complete this process. 

o US Census Bureau TIGER Road Layer. The US Census Bureau provides products spatially 
extracted from the Census Bureau’s TIGER database. It contains features such as roads, 
railroads, rivers, etc. The TIGER Road Layer includes attributes such as traffic density.  

4.2 CREATE URBAN ROADS LAYER 

Once the parcel layer is complete (Section 3), roads and right-of-way (ROW) areas need to be added 
to complete the urban land use layer. The combined areas of the urban land use layer must match the 
area of the MS4 permit area, requiring all areas to be defined as a parcel or road. Roads are not typically 
included in the assessor’s parcel layer or may not be included in other available land use layers. Thus, 
we provide a process to transform an existing road line layer into a polygon layer and classify all roads 
and right-of-way areas into one of the 4 urban road types defined in Table 3.  

Note: In the baseline mapping toolbox, use the model titled “TIGER Roads Reclass Model” to 
automatically translate TIGER road classes into 2N classes. View Appendix C for full instructions. 

 

https://we.tl/QRTwKneG4d
https://www.census.gov/geo/maps-data/data/tiger-line.html
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STEP 1: CONVERT FROM LINES TO POLYGONS 

The first step is to translate the roads within your municipality from lines to polygons. To complete this 
conversion, we need a reasonable width 
for each road, based on their individual 
Caltrans or TIGER road type or 
classification. The Caltrans layer provided 
includes a road “Functional 
Classification” grouping (Figure 4-1), 
while the TIGER Road Layer provides an 
MTFCC code.  

 

 

Figure 4-1 Cal Trans road functional classes.  

For each individual road classification, use GIS and/or Google Earth to sample at least 3 different road 
segments (within the same class) and calculate the average road width in feet (see Figure 4-2). Include 
the width of the entire paved surface, including sidewalks and be sure to measure in feet.  

Next, create a new field titled “buffer”, and add the buffer widths (1/2 of total width) that were 
calculated for each road classification. This can be quickly done by using the Select by Attribute and 
Field Calculator geoprocessing tools.  

 

Figure 4-2 Representative road widths by functional class 

Use the “buffer” attributes to create a buffered roads layer. The GIS Buffer tool transforms road lines to 
polygons by expanding the width of road lines in each direction by the defined buffer width. This 
transformation is automated by assigning each functional road class a buffer width (“buffer”). 
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• Use the Buffer tool (Figure 4-3) to buffer all roads by the buffer width (remember, the “buffer” field 
should be ½ the average total road width).  
 

 
Figure 4-3 Buffer tool. 

Once the roads have been buffered, use a road type cross walk to convert the Caltrans/TIGER road 
classifications into one of the four 2Nform road classifications that we have provided (HTR, MTR, LTR, UPR) 
(see Table 3). 

Note: In the baseline mapping toolbox, use the model titled “TIGER Roads Reclass” to automatically 
reclassify and dissolve the buffered roads into 2Nform road classification. After running the model, 
proceed to Section 4.2 Step 2 or use the “Land Use Layer Creation” model. View Appendix C for full 
instructions.  

To manually complete the crosswalk, add a new field called ̀ Road_Class`. Use the crosswalk wo indicate 
the relevant 2Nform road classification (HTR, MTR, LTR, UPR) in the `Road_Class` field. Highways and 
freeways are likely to have the highest traffic density (HTR), collectors and local roads lower traffic density 
(LTR), and arterials are somewhere in between (MTR). All unpaved roads should be given the attribute 
“UPR”. 

• Use the Dissolve tool to dissolve areas based on the “Road_Class” field that contains the four road 
classes. *Do not dissolve on any additional fields, resulting layer would have extra road segment 
duplicates. 

STEP 2: REMOVE DUPLICATE/OVERLAPPING POLYGONS 

The resulting layer will have all roads represented as polygons and assigned as one of the four road types 
in Table 3. In some cases, the buffering process may have created two road segments on top of each 
other in the same location (for instance where the buffered end of a LTR road intersects the buffered 
area of an MTR road).  

Note: In the baseline mapping toolbox, use the model titled “Land Use Layer Creation” to automatically 
create the land use layer from the parcels and buffered roads. The model handles all 
duplicate/overlapping polygons. After running the model, proceed to Section 4.3 Step 2 – ROW 
Classification. View Appendix C for full instructions.  
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There are different manual strategies that can be used to remove duplicates/overlapping roads, and 
these vary depending on the GIS software and licenses. 

First, follow the steps below to combine the buffered roads layer with the MS4 permit boundary area. This 
will create a full coverage of the entire MS4 with all area being represented as 1 of the 4 road classes or 
as “unclassified” (to be re-named as “right-of-way” or ROW as described below). 

• Run the Union tool with the buffered roads layer and the MS4 boundary.  
• In the Road Class field of the resulting layer, classify all areas that were not a part of the roads layer 

as “ROW,” or right-of-way.  
• This layer should now contain four road classes and “ROW” areas.  Note: Most of the area classified 

as ROW at this stage will be replaced with parcel data in steps below. 

Duplicate features will exist as a result of the intersection of roads with different attributes. When a HTR 
road meets another road (MTR, LTR, UPR), there will be a small duplicate area. Where these areas 
overlap, the feature to be deleted must be specified. In all cases, delete the lower traffic density road. 
Use the table below to decide which features to keep. 

Intersection 

Keep Delete 

HTR MTR 

HTR LTR 

HTR UPR 

MTR LTR 

MTR UPR 

LTR UPR 

Remove duplicate/overlapping road segments in an editing session, maintaining the HTR>MTR>LTR>UPR 
hierarchy. 

• Run the Intersect geoprocessing tool on just buffered roads layer. The output will display where all 
overlaps occur. 

• Start an editing session on the buffered roads layer. Select 
each road class and click on Explode Multipart in the 
Advanced Editing Toolbar. This will allow you to select the 
individual pieces of a roadway, without deleting the entire 
section. 

• Navigate to and select areas of overlapping roads.  
• In the attribute table, display only the selected features. 

Highlight and delete the overlapping road of the lowest traffic density. (For example, when a HTR 
crosses a LTR, delete the extra LTR segment under the HTR. Make sure that the HTR segment does 
not get deleted). 

• Continue this process until all overlapping road segments are deleted.  

If overlapping/duplicate features still exist, Appendix B provides an overview of how to remove these 
features. 
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4.3 CREATE URBAN LAND USE LAYER 

In GIS, Union the parcel and roads layers. When first combined, the roads and parcels will overlap. The 
road layer should be placed as the priority layer due to its critical role in stormwater routing in urban 
areas. The next priority is the parcels layer, and the lowest priority is the ROW, which represent everything 
that is not a road or a parcel-based land use. 

The steps below describe generally how to prioritize these attributes to complete the Land Use layer with 
roads, parcels and reclassified right-of-way areas.  

STEP 1: ASSIGN LAND USE TYPE 

• Run the Union tool to join the buffered roads and parcels layers, with both layers maintaining all 
their respective attributes. The resulting layer will have features that may have attributes from 
multiple sources, e.g. both ROW and SFR.  

• Create a new field in this layer titled “LU_Type” (or similar). 
• Populate this field as follows: 

o Use Select by Attributes to select all features that already have a parcel-based land use 
classification that was provided in Section 3. For example, select from the land use column 
“LU”, and select all attributes that are not “null” (i.e. they contain one of the 6 land use 
classifications). Then, in the new field titled “LU_Type”, use the Field Calculator to populate 
that field with the parcels that you have already selected.  

o Clear the selection, and next use Select by Attributes to select all features that have a 
roads-based land use (from “Road_Class” field, select all features that are “HTR”, “MTR”, 
“LTR”, or “UPR”, but NOT “ROW”). With these selected, in the new “LU_Type” field, use the 
Field Calculator and populate the field with the names from the “Road_Class” field. This 
will overwrite some parcel-based land uses, but that is okay since there are often roads 
that are not represented in the parcels (or other land use) layers. 

o Finally, clear the selection and in the new “LU_Type” field, select the remaining blank 
values and use the Field Calculator to populate them with “ROW”. In the “LU_Type” field, 
every feature will now contain one of 11 land use types (the 10 from Table 3 plus “ROW). 

STEP 2: ROW CLASSIFICATION 

Note: If you used the “Land Use Layer Creation” model from the onboarding toolbox, use the output data 
layer and continue with this step.  

While the total area of ROWs—right-of-way areas not included in parcel or roads layer—is usually quite 
small, a process is still needed to assign these areas land use types so they can be included in the 
stormwater load estimates and so an MS4’s land use map does not have conspicuous blank areas. The 
following steps will help isolate these areas to apply appropriate attributes. 

Most ROWs will be adjacent to low-traffic roads and will most likely be reclassified to LTR, but some ROW 
areas might be better represented as a land use type other than LTR. We therefore want to clean up the 
layer and assign more appropriate land use types to the ROW features as follows.  

• Add a new field and name it “LU_2” or similar and use the Field Calculator to copy over the 
“LU_Type” attributes for all features.  



Guidance for Creating Catchment Boundaries and Attributes v5.0  | 19 

 

• Display this layer in GIS by the field “LU_2” and highlight (in bright red or some other noticeable 
color) the features labeled “ROW”. 

• With Editing enabled for this layer, select all “ROW” features and use Advanced Editing to Explode 
Multipart Features so that individual ROW polygons can be selected and modified. 

• The Cut Polygons (or Split) tool in editing may have to be used to isolate polygons that might be 
better classified as something else. This should only be used for ROW areas, and never parcels. 

**Modify the attributes in the newly created (i.e. “LU_2”) field so that a record of changes is kept. 

The general procedure is to browse the map, pick the outstanding examples where ROW should not be 
classified as a low traffic road and reclassify them accordingly.  

• ROW areas adjacent to freeways are often better classified as open space (or “other”) than as 
HTR. These areas can be reclassified into the appropriate land use category by looking at the layer 
with an aerial image and manually selecting and renaming ROW polygons of interest. In this case, 
the large areas adjacent the freeway can be given the attribute of “OTH”. 

Figure 4-4 ROW adjacent to high traffic roads 

• There are other cases where there may be a blank area on the parcels layer currently classified as 
ROW but that should in fact be “COM”. These areas should be picked out and reclassified as 
necessary. 

• Next, if there are large sections of HTR or MTR with significant ROW adjacent to them, those ROW 
areas might be best reclassified to match that road type. 

• After reclassifying ROW areas that are obviously “OTH” or other land uses or are associated with 
large swaths of “HTR” or “MTR”, the remaining ROWs are reclassified as “LTR”. 

• If the user wants to refine the “ROW” areas further, all areas can be delineated into the most 
representative land use types. The level of refinement depends on how much time and resources 
are available. In the example below, areas adjacent to the road keep their classification based 
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on traffic density. However, a few sections were reclassified as “OTH” because the ROW areas 
were open space.  

 

Figure 4.5 ROW adjacent to moderate traffic density roads 

• Once the “ROW” areas have been appropriately reclassified, the result is now an integrated land 
use layer, where each “ROW” feature has been assigned a land use type. 

STEP 3: FINALIZE LAYER 

• The final step is to run the Dissolve tool and dissolve the land use layer based on the final land use 
field (e.g. “LU_2”). This will produce a full MS4 land use layer with no overlapping or duplicate 
features that can be used in the next step to summarize land use area by catchment. Lastly, if 
necessary, rename the land use field to “LU” (not “LU_2”). Geoprocessing tools such as Alter Field 
or Add New Field and Calculate Field will work.  

4.4 DATA VERIFICATION & REVISIONS 

Ensure the final urban land use layer does not contain any gaps, all polygons are assigned a single urban 
land use, and the sum of the land use layer area equals the total area of the MS4 permit boundary (Figure 
4.6). Sometimes, running the Dissolve tool does not eliminate all overlapping parcels. It is imperative that 
the land use layer does not contain any major overlapping polygons in the final land use layer. More 
information on how to fix and prevent overlapping polygons is presented in Appendix B.  



Guidance for Creating Catchment Boundaries and Attributes v5.0  | 21 

 

 
Figure 4.6. Final land use classification output. There are no gaps or overlaps and roads are included.   
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5 URBAN STORMWATER DRAINAGES AND CATCHMENTS         

The urban stormwater catchments layer is a multiple polygon layer that defines 
hydrologically accurate drainage areas of how stormwater is routed through the MS4 
area and discharged to the MS4 receiving waters.  

Delineation of the urban catchment boundaries is an iterative process of subdividing 
watershed drainages. Using best available spatial datasets, the user starts with delineating 

large primary urban drainages that link the lands of the MS4 to specific receiving waters to which they drain. 
Urban drainages are groups of catchments that drain to a single outfall. In some instances, urban drainages 
are very large, and thus these primary urban drainages are subdivided into smaller manageably sized urban 
catchments on the order of 100 acres.  

A catchment is either discrete (stormwater drains to a single point) or distributed (draining via outfalls, and/or 
non-concentrated or sheet flow discharge). An example of a fully delineated MS4 into unique urban 
catchment boundaries is presented in Figure 5-1.  

The recommended data sources, process and considerations to delineate an MS4 into a collection of urban 
catchments are detailed below. Once the urban stormwater catchment boundaries are finalized, additional 
data sources are used to quantify a collection of catchment attributes including average imperviousness, 
land use distributions, average slope, hydrologic soil group, and more. 

Figure 5-1. Fully delineated MS4 into urban catchments that meet the approximate 100-acre size target. Unfilled 
catchments are discrete, and each discrete flow direction is shown. Distributed catchments are hatched and 
represent areas that have multiple outfalls or sheetflow. 
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CONSIDERATIONS:  

• Follow basic watershed delineation techniques using available stormwater infrastructure and the 
high-resolution DEM and associated flow lines, elevation contours, hillshades, etc. to delineate 
primary and sub-drainage areas.   

• In urban areas, land topography is likely not the primary control of stormwater routing, making the 
stormwater infrastructure layer a critical piece of information. In many developed areas, roads will 
form drainage area boundaries and should be drawn as such. 

• Urban drainages are hydrologically linked areas of the MS4 that all drain to a single, discrete outfall. 
• Make sure to consider where centralized BMPs (large detention basins, wet basins, etc.) are 

located within your MS4, and draw catchment boundaries accordingly. A maximum of two 
centralized BMPs are allowed per catchment! Ideally, centralized BMPs drain the entire catchment 
(or more upstream) and are located at the downstream location, or outlet of the catchment.  

• Laterally dividing urban drainages into multiple catchments can be subjective.  During this process, 
consider the location of centralized BMPs, grouping similar land use patterns, future stormwater 
improvement plans, potential monitoring locations, or other relevant factors that would affect 
grouping or separating certain areas of your municipality.  

• A catchment should never be drawn to drain to more than one catchment. A catchment must 
either discharge entirely into another single catchment, flow directly to the receiving water, or flow 
out of the MS4 boundary. 

• The sum of the area of all catchments must equal the total MS4 permit area.  

5.1 DATA SOURCES 

The catchment delineation process requires knowledge of both local topography and best available 
stormwater infrastructure spatial data within the MS4 boundary.  

• MS4 boundary layer (Section 1). 
• MS4 receiving water layer (Section 2). 
• High-Resolution DEM. A high-resolution DEM (digital elevation model) or similar layer showing 

elevation and topography can be used (via tools and processes available in ArcGIS) to create 
high-resolution streams and elevation contours that is useful to determine surface water flow paths. 
The USGS National Map Viewer and the USDA NRCS Geospatial Data Gateway are two available 
resources. 

• Stormwater Infrastructure Data. Any available and existing stormwater infrastructure spatial data 
that contains information about stormwater routing patterns. Data may include storm drains, 
gravity lines, open channels, networks, outfalls, drop inlets, conveyance features, and structural 
BMPs. The availability and quality of these data will vary across municipalities. The best available 
data should be used in determining stormwater routing patterns and properly delineating urban 
catchments. As stormwater asset data quality improves, catchment delineations should be 
refined.  

• Large-scale stormwater BMPs. These are typically large capital improvement projects such as 
detention basins, wet ponds, etc. that treat over 20 acres. These data will usually help guide 
stormwater routing patterns. In practice, there should be no more than 2 large (or centralized) 
BMPs per catchment.    

• Google Street View. Once the data above is used to determine general drainage areas, the use 
of Google Street View to refine boundary decisions that commonly follow roads, curb and gutters 
and drop inlets can be highly valuable.  

https://viewer.nationalmap.gov/basic/
https://datagateway.nrcs.usda.gov/
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5.2 ADDITIONAL RESOURCES  

• Appendix D of Maine Department of Environmental Protection Stream Survey Manual.  
• NRCS: How to Read a Topographic Map and Delineate a Watershed. 
• Esri: Editing in ArcGIS Pro.  

5.3 CREATE URBAN CATCHMENT LAYER 

Delineation of the urban catchment boundaries is an iterative and somewhat subjective process. Using 
best available spatial datasets, the user starts with delineating large primary urban drainages that have 
mapped discrete outfalls to specific receiving waters. These primary urban drainages are then 
subdivided into smaller secondary sub-drainage areas.  These sub-drainage areas are divided into 
manageably sized urban catchments on the order of 100 acres.  Some drainage areas to mapped 
outfalls may be smaller than 100 acres and when these areas are adjacent to one another, they are 
grouped and termed a distributed catchment because they do not discharge to a single discrete 
location or point.  

Because political boundaries do not often follow hydrologic boundaries, there may be instances where 
a properly drawn urban drainage may extend beyond (either upstream or downstream) of the MS4 
boundary. We recommend preserving these hydrologic principles during the initial steps of the 
delineation process - these will later be clipped to the MS4 boundary.   

STEP 1 – DELINEATE URBAN WATERSHEDS  

The first step in determining urban catchments is to delineate the general watersheds within the MS4. 
These areas will represent which areas of the MS4 drain to which receiving waters. These general 
watershed areas oftentimes will follow the landscape topography.   

The general watershed areas should be delineated using the guidance below. 

• If necessary, do not limit these delineations to the MS4 boundary at this stage and preserve the 
hydrology principles of surface water routing.  

• Follow basic watershed delineation techniques using a high-resolution DEM and associated flow 
lines, elevation contours, hillshades, etc.  

• The USGS Hydrologic Unit Watershed Maps (i.e., HUC 12) provide insight on where water is 
generally flowing in the MS4’s region.  

STEP 2 – DELINEATE URBAN DRAINAGE AREAS 

Once watersheds have been determined, urban drainage areas within the MS4 will sub-divide where 
stormwater is flowing throughout the MS4. Urban drainages define the tributaries to watersheds.  These 
urban drainage areas represent the general flow patterns and routing of stormwater to receiving waters 
during storm events whether it be by small streams, open channels, or large storm main arterials. It is 
recommended that you begin this process by locating the following features:   

https://www.maine.gov/dep/water/monitoring/rivers_and_streams/vrmp/stream-survey-manual/survman_apps.pdf
https://www.soilandwater.nyc/uploads/7/7/6/5/7765286/watershed_delineation.pdf
https://pro.arcgis.com/en/pro-app/help/editing/overview-of-desktop-editing.htm
https://water.usgs.gov/GIS/huc.html
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1. Outfalls that drain large areas of the MS4 to the receiving waters. Typically, these outfalls will 
be larger sized pipes, large box culverts, or open channels/ditches.  

2. Tributary features to the highest order receiving waters. The urban stormwater drainage 
system can include natural and artificial conduits for runoff, such as smaller (non-receiving 
water) streams, urban channels/ditches, or larger arterial storm drain systems. Confluences 
of tributaries to the highest order receiving waters.  

3. Smaller outfalls that drain to the identified tributary features urban channels/ditches or larger 
arterial storm systems. 

4. Large stormwater centralized BMPs such as detention basins, infiltration basins, or wet basins. 
Ideally, centralized BMPs drain the entire catchment (or may drain additional upstream 
catchments) and are located at the downstream location, or outlet of the catchment.   

The urban drainage areas should be delineated using the guidance below. 

• If the primary drainage areas delineated in Step 1 are relatively small (<100 acres), they do not 
need to be further divided.  

• Begin by using the larger outfalls and confluences of tributaries to the highest order receiving 
waters to split up drainage areas. Then, use the smaller outfalls and confluences to further divide.  

• Do not limit primary urban drainage area delineations to the MS4 boundary in the beginning and 
preserve the hydrology principles of surface water routing.  

• Follow basic watershed delineation techniques using available stormwater infrastructure and the 
high-resolution DEM and associated flow lines, elevation contours, hillshades, etc.  

• In urban areas, land topography is likely not the primary control of stormwater routing, making the 
stormwater infrastructure layer a critical piece of information. In many developed areas, roads will 
form drainage area boundaries and should be drawn as such. Google Street View is a useful tool 
to identify drainage boundaries on roads.  

• Drainage areas should align within and share boundaries with the urban watershed boundaries 
delineated in Step 1. Drainage area boundaries should neither overlap nor have gaps with primary 
drainage area boundaries. 

Figure 5-2 provides an example of preliminary urban drainage areas delineated within an MS4. These 
drainages are then split into smaller, urban stormwater catchments.  

Delineation of these urban drainage areas first, regardless how large, ensures that the urban catchments 
will align with critical wet weather flow patterns, and the key outfalls draining the MS4 will be preserved.  
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Figure 5-2. Example urban drainages. Notice that many of these preliminary drainage boundary lines extend 
beyond the MS4 boundary.  

STEP 3 – DELINEATE URBAN CATCHMENTS 

This step entails further dividing, if necessary, the urban drainage areas delineated in Step 2 to create 
urban catchments.  Urban catchments are small, manageably sized areas that, in sum, equal a 
municipality’s entire MS4 permit area.  Urban catchments should be delineated to be on the order of 50 
- 200 acres in size.  Urban catchments will be categorized as either discrete or distributed based on the 
way stormwater exits the catchment.   

In some cases, the drainage areas delineated in Step 2 will already approximately meet the target size 
of 100 acres. If so, these can be considered an urban catchment. However, in most cases urban 
drainages will either need to be further divided or lumped to achieve a target of 50 - 200 acres. 

Note: Catchment sizes in rural areas with low imperviousness can be larger, as desired, to reduce data 
management burdens. 

Dividing urban drainages to delineate catchment boundaries can be subjective. Follow the guidance 
below: 

• Consider grouping similar land use patterns, current and future stormwater improvement plans, 
potential monitoring locations, or other relevant factors that would affect grouping or separating 
certain areas of your municipality.  

 
• Continue to use available stormwater infrastructure, high resolution DEM, roadway mapping, and 

Google Street View to delineate urban catchments.   
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• Start at the downstream outfall of each urban drainage and progress upstream to identify any 

locations to sub-divide.  Hydraulic changes (e.g. A 12” storm sewer connection to 24” storm sewer) 
can represent a suitable location to subdivide and create discrete catchments. When these 
subdivision are created, a flow direction point will be created for the respective discrete 
catchment.  

 
• A catchment should not drain to more than one catchment. A catchment must either discharge 

into another catchment, flow to the receiving water, or flow out of the MS4 boundary (see Figure 
5-3). 

 
• A catchment can only contain 1 – 2 centralized BMPs. Centralized BMPs should ideally be located 

at the most downstream location of the catchment before water exits.  If the centralized BMPs are 
part of a treatment train (when the outflow of one centralized BMP flows directly into another BMP), 
the treatment train behaves as one BMP. That means a catchment can have a total of 2 unrelated 
centralized BMPs, or 2 treatment trains (each containing 2 centralized BMPs).  

 

 

Figure 5-3. Catchment to catchment routing schematics. 

STEP 4 – DETERMINE IF CATCHMENT IS DISCRETE OR DISTRIBUTED 

Catchments are defined as either “discrete” or “distributed” based on the way stormwater exits its 
downstream boundary. Use the following guidance to help characterize the catchment: 

• A discrete catchment possesses a singular point at which the stormwater exits the downstream 
boundary into either another catchment or a receiving water. See an example in figures 5-4 and 
5-5 below.  
 

• A distributed catchment possesses multiple points at which stormwater exits the downstream 
boundary, which can include any combination of sheet flow, overland flow, open channels, or 
multiple outfalls. These are common adjacent to a receiving water where there are several smaller 
outfalls. Please note that even though a distributed catchment contains multiple points of flow, 
stormwater still flows into either one catchment or the receiving water. It may never flow into two 
or more catchments or receiving waters.  See an example in figures 5-4 and 5-5 below.  
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• When possible, avoid delineating distributed catchments such that a receiving water runs through 
the catchment - rather the receiving water should be adjacent and used as a boundary for the 
catchment.  
 

• It is possible to have a distributed catchment in the upper areas of an urban drainage that drains 
into discrete a catchment below. The distributed catchment draining into a discrete catchment 
typically occurs when a less developed upland area drains into a more developed area below 
via several small open channels, overland flow and other dispersed flow routes.  

 

Figure 5-4. In this example, a subwatershed is divided into urban catchments. Discrete catchments contain a single 
outfall that discharge into the receiving water. On the flip side, distributed catchments contain multiple (typically 
smaller) outfalls that discharge into the receiving water. Notice that the distributed catchments are still draining to 
one location/direction. 

STEP 5 - CLIPPING CATCHMENTS TO MS4 BOUNDARY 

Catchments should be clipped to the MS4 boundary (see Figure 5-4). Collaboration and sharing 
bordering catchments with neighboring MS4s will be helpful for future stormwater planning. 

5.4 DELINEATION ITERATIONS 

Catchment delineation is an iterative process. The objective is to produce an accurate representation 
of how stormwater is routed through the urban landscape. We purposely recommend creating draft 
delineation maps given the best available existing information first. Use of Google Street View and 
Google Earth can serve as cursory remote inspection of catchment boundary areas, outfalls and flow 
paths. Draft maps can then be refined most effectively in the field to visually address any discrepancies 
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as resources allow. Prior to going into field, be sure to have digital or hard copies of the draft maps, a 
plan for the specific locations and the questions to be addressed with visual inspection. Note that highly 
impervious areas with unmapped or inaccurately mapped stormwater systems will be challenging to 
verify without professional infrastructure surveys and confined-space inspections.  

5.5 DATA VERIFICATION & REVISIONS 

Once the delineation is complete, data verification should verify the following: 

• There should not be any gaps or overlaps between catchment boundaries. See Appendix B for 
more techniques on minimizing and eliminating gaps and overlaps.  

• Each urban catchment can only drain into one receiving water and/or into one other catchment.  
• Discrete catchments must only have one point where stormwater exits. If water exits the 

catchment via multiple routes, the catchment is considered distributed. 
• The sum of the area of all catchments must equal the total area of the MS4 permit area. 

Figure 5-4 is an MS4 permit area delineated into urban catchments. Catchments are grouped by the 
receiving water to which they drain. The discrete catchments have either outfalls or flow direction 
mapped. Distributed catchments are hatched and typically contain multiple mapped outfalls.  

 

Figure 5-5. Example final map of catchments grouped by receiving waters. Each discrete catchment has a 
respective outfall or flow direction point with a rotation angle. Distributed catchments have either multiple outfalls or 
sheetflow (no flow direction points). 
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5.6 CATCHMENT ATTRIBUTES 

Once the catchments are delineated, a collection of attributes are required for each catchment (Table 
6). The data sources and generation of the urban catchment attributes that require additional 
explanation beyond the description in Table 6 are described below.  

Note: In the baseline mapping toolbox, use the model titled “Catchment Attributes” to automatically 
generate attributes for “imp”, “catSlope”, “soil”, and land use distribution fields. See Appendix C for full 
instructions.  

 Table 6 - Urban Stormwater Catchments layer attributes. All attributes listed are required. Other fields can be 
included in layer but will not be uploaded to the software platform. 

FIELD NAME FORMAT DESCRIPTION EXAMPLE 
MS4 text The name of the MS4 area City of Salinas 

CDP text Census Designated Place (usually same as 
MS4area) 

City of Salinas 

catchID text Unique catchment ID Sal 47 
acres double Catchment area (acres) 97.36 
outType text Outfall type (discrete or distributed) Discrete 

outVerify integer 
Year that the catchment’s outfall & 
boundaries were field verified (leave blank if 
site was not visited) 

2015 

drainsToRW text Indicate the name of the receiving water to 
which the catchment eventually drains.  Gabilan Creek 

drainsToC text 

The terminal (most downstream) discrete 
catchID to which the subject catchment 
drains to. Leave field blank if the catchment 
doesn’t drain to a terminal, discrete 
catchment.   

Sal 51 

connect double Catchment % hydrologic connectivity of the 
catchment (written as decimal) 

0.75 

imp double 

Impervious surface within catchment (as % of 
total catchment area, written as a decimal). 
Use of municipality-specific impervious 
surfaces layers not obtained by aerial or 
satellite imagery is not recommended. 

0.62 

soil text NRCS soil hydrologic group (A, B, C, D) D 

catSlope double Average catchment percent slope (written as 
a decimal) 

0.02 

HTR double High traffic density paved roads within  
catchment (acres) 

3.41 

MTR double Moderate traffic density paved roads within 
catchment (acres) 

4.75 

LTR double Low traffic density paved roads within 
catchment (acres) 

5.70 

UPR double Unpaved roads within catchment (acres) 0.00 

COM double Commercial/Institutional land use within 
catchment (acres) 

9.50 

IND double Industrial land use within catchment (acres) 7.48 

MFR double Multi-family residential land use within 
catchment (acres) 

38.00 
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FIELD NAME FORMAT DESCRIPTION EXAMPLE 

SFR double Single family residential land use within 
catchment (acres) 

14.49 

CUL double Cultivated land use within catchment (acres) 1.90 

OTH double Other/Open Space land use within catchment 
(acres) 

12.13 

5.7 CATCHMENT ID  

Assign each catchment a unique ID (catchID). One potential convention is a 2 or 3 letter ID to represent 
the receiving water to which the urban catchments within the same urban drainage discharge (e.g. 
Salinas River: SR) and sequential numeric pattern (SR1, SR2 etc.).  

Note: In the baseline mapping toolbox, use the model titled “Automatic Catchment Naming” to 
automatically name catchments. View Appendix C for full instructions.  

 

5.8 RECEIVING WATER 

Document the respective receiving water (drainsToRW) to which the stormwater generated within each 
urban catchment will eventually be discharged. Using the catchment ID convention recommended 
above will provide quick reference to which receiving water each catchment drains.  

5.9 TERMINAL DISCRETE CATCHMENT (DRAINSTOC) OR URBAN DRAINAGE ID 

Document the terminal discrete catchment (drainsToC) for each urban drainage. All catchments 
upstream from the terminal discrete catchment will include that catchment’s catchID in the drainsToC 
field. This will determine the urban drainage view in 2Nform. Not every catchment will have a value in 
the drainsToC field.  

Below are a few simple rules to determine terminal discrete catchments and urban drainages.  

1. If the furthest downstream catchment in an urban drainage has a single outfall and does not drain 
into another catchment, it is a terminal discrete catchment. These will include all the catchments 
discharging to where your delineation process initiated: the large outfalls discharging directly to the 
identified receiving waters.   

Using the right of Figure 5-6: 

Catchments N and M make up an urban drainage. Catchment M is a discrete catchment. 
Catchment N is a distributed catchment and drains to catchment M. Catchment M is the terminal 
discrete catchment for both catchments N and M. 

2. If the furthest downstream catchment in an urban drainage is distributed (i.e. has more than one 
outfall) and does not drain into another catchment, do not include this catchment in the urban 
drainage. Continue upstream to identify the furthest downstream discrete catchment within the 
urban drainage.  
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Using the left of Figure 5-6: 

Catchments W, Y, Z make up an urban drainage. Catchment X is the furthest downstream 
catchment but it is distributed. Catchment X will not have a value in the drainsToC attribute table. 
Catchment Y is the furthest downstream discrete catchment. Catchment Y is the terminal discrete 
catchment for catchments W, Y and Z because it is the most downstream discrete catchment in the 
urban drainage.  

3. An urban drainage must contain more than 1 catchment. A single catchment is not an urban 
drainage. If a single, discrete catchment drains to a receiving water, it is not considered an urban 
drainage and the ‘drainsToC’ field should be left blank. Because of this, a single MS4 may only 
contain a few urban drainages (See Figure 5-6 for an example).  
 

4. An urban drainage can contain upstream distributed catchments, but it must ultimately drain into a 
terminal, discrete catchment.  

5. Urban drainages are subsets of receiving water drainages. An entire receiving water drainage is not 
considered an urban drainage.  

Figure 5-6. Catchment X is a terminal distributed catchment. Catchments Y and M are terminal discrete catchments.  
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Figure 5-7. Example output of urban drainages within an MS4. Note that single discrete catchments draining to a receiving 
water are not included (i.e. SCW 01).   

What if an urban drainage is truncated by the MS4 boundary?  

Following the catchment delineation process outlined above, there may be instances where initial urban 
drainages that were drawn extended beyond (either upstream or downstream) the MS4 boundary, and 
then later clipped to define the urban catchments. In the instances where a portion of the downstream 
area of an urban drainage is outside of the MS4 boundary, incorporate the hydrologically correct urban 
drainage boundaries in the determination of the terminal discrete catchments.   

Using Figure 5-8: 

Catchment A is the terminal discrete catchment for the urban drainage containing A, B and C. 
Catchment D does not have a terminal, discrete catchment.  

 



September 2019 
 

www.2ndnaturewater.com | 831.426.9119    
 

 

Figure 5-8. Terminal catchments that discharge across an MS4 boundary.  

5.10   CATCHMENT CONNECTIVITY 

Each catchment must be assigned a connectivity (connect), per Table 6. Catchment connectivity is 
defined on a relative scale and expressed as a percent of flows that exit the catchment boundary, which 
discharges to the respective receiving water as surface flow (Table 7).   

 

Table 7. Definitions of catchment connectivity.  
Relative 

Connectivity 
Value Description 

Always 100% 
All flow that occurs at the outfall discharges into the 

receiving water 

Never 0% 
Flow that occurs at the outfall never reaches the receiving 

water 

Rare 10% 
Only the 90th percentile peak daily runoff (e.g., only really 

big storms) reaches the receiving water 

Occasional 25% 
Only the 75th percentile peak daily runoff (e.g., only big 

storms) reaches the receiving water 

Common 75% 
All flows except the smaller 25th percentile peak daily 

runoff (e.g., all but the very small rain events) will generate 
enough runoff to reach the receiving waters 

Average 50% 
All flows that exceed the average peak daily runoff (e.g., 
all storms average and above) reach the receiving waters 

There are 3 steps to determine the connectivity of each catchment within the MS4 as follows.  
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STEP 1. DETERMINE CONNECTIVITY OF TERMINAL DISTRIBUTED CATCHMENTS ADJACENT 
TO RECEIVING WATERS 

All terminal distributed catchments adjacent to a receiving water are assigned a connectivity of 100%.  

Using Figure 5-6:  

• Catchment X is a distributed catchment. Since it possesses sheetflow or more than one outfall and 
is directly adjacent to the receiving water, it is assumed to be 100% connected.  

STEP 2. DETERMINE CONNECTIVITY OF TERMINAL DISCRETE CATCHMENTS 

The connectivity of discrete catchments is determined by following the logic outlined in Figure 5-5.   

• Use of Google Earth is highly recommended to determine if there is any evidence of a visible flow 
path to suggest past surface flow and thus hydrologic connection between the outfalls and 
subject receiving waters. Both planform and 3-D tilt inspections should be used. If visibility is 
impaired using Google Earth or questions remain, field verification is recommended.  

 
• If the terminal discrete catchment flow path is pervious, use the catchment connectivity estimation 

table in Figure 5-9 to objectively determine the connectivity based on the length of the pervious 
flow path and the total impervious area of the contributing urban drainage. The flow path length 
can be measured directly in Google Earth and the contributing impervious drainage area can be 
easily obtained using the urban catchment layer by summing the impervious area of each of the 
contributing catchment. 

Using Figure 5-6: 

Catchment Y is the terminal discrete catchment.  

o The flow path from the outfall of catchment Y to the receiving waters is 1,250 ft.  
o The contributing impervious drainage area draining to the outfall of catchment Y (i.e. 

catchment W, Y, Z) is 120 acres.  
o  Using the Catchment Connectivity Estimation Table in Figure 5-8, the connectivity of 

Catchment Y is 50%.  
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Figure 5-9 User decision matrix to determine terminal catchment connectivity. 
 

What if a terminal discrete catchment is truncated by the MS4 boundary?  

There may be instances where a portion of the downstream area of an urban drainage is outside of the 
MS4 boundary (see Figure 5-8).  The process for determining connectivity of the boundary catchment 
follows the logic in Figure 5-9 described above for terminal discrete catchments.  

Similarly, for distributed catchments that discharge across the MS4 boundary, follow the logic in Figure 5-
9. For distributed catchments, apply the logic to the widest most prominent flow path from the 
catchment to receiving water to determine connectivity of the distributed catchment.  

STEP 3. ASSIGN CONNECTIVITY TO ALL UPSTREAM CATCHMENTS WITHIN SAME URBAN 
DRAINAGE.  

Once the terminal discrete catchment connectivity is determined, systematically assign each 
catchment within the urban drainage with the same connectivity as the terminal discrete catchment.  

 

5.11  PERCENT IMPERVIOUSNESS 

Note: Percent impervious (“imp”) will be calculated automatically the “Catchment Attributes” model in 
the baseline mapping toolbox. See Appendix C for full instructions.  
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The percent impervious (imp) of each urban catchment is defined using best available aerial or satellite 
imagery.  We recommend the National Land Cover Database that offers both generalized land cover 
and specific % impervious surface grids. NLCD data is available at 30-meter resolution for the entire 
country via the MRLC website. 

This attribute (imp) is the mean percent imperviousness value per catchment. It is reported as a 
decimal (e.g., 0% = 0.0, 100% = 1.0) and formatted as specified in Table 6. 

• In GIS, load the Urban Catchment Layer and the “National Land Cover Database% Impervious 
Surfaces” layer (Figure 5-10).  

 
Figure 5-10 MS4 catchments and NLCD impervious surfaces layer 

• Open the Zonal Statistics as Table tool, which can be found in the Spatial Analyst toolbox. Run 
the tool specifying the “MS4 Catchments” as the “feature zone data”, with the “catchID” field 
as the “Zone field”, and “% Impervious Surfaces” layer as the “Input value Raster”. Select OK to 
run the tool (Figure 5-11). A table will be output showing the results. 

 
Figure 5-11 Zonal statistics results 

• Open the output table (Figure 5-12). The catchment ID is displayed along with the mean % 
impervious area value for each catchment. 

https://www.mrlc.gov/data
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Figure 5-12 Zonal statistics output table 

• Create a new field in catchment table named “imp”. Join the impervious calculation table to 
catchments layer with the catchID. Then use field calculator to fill in “imp” with the data from 
the impervious calculation. Make sure the resulting value is a number between 0-1. (You may 
have to divide by 100 if the impervious raster data was stored as integers). 

5.12    SOIL TYPE 

Note: Soil type (“soil”) will be calculated automatically the “Catchment Attributes” model in the 
baseline mapping toolbox. See Appendix C for full instructions.  

A National Resource Conservation Service (NRCS) hydrologic soil group (soil) will be assigned to each 
catchment.  

We recommend using the ESRI’s SSURGO Downloader 2014 data source: 
https://www.arcgis.com/home/item.html?id=cdc49bd63ea54dd2977f3f2853e07fff  

If your MS4 is located in an area where there are a lot of null values in the SSURGO soils map, we 
recommend using the USDA’s Web Soil Survey as a secondary information source.   

Display the soil layer and urban catchment boundaries. If a catchment is more than 50% of single soil 
type, assign the predominant type. Should a catchment contain a nearly even distribution of two soil 
types; selection the one first to appear in the following list: D, C, B, A. In the rare instance a catchment is 
predominantly C/D or A/D soil, select D.  

 

 

https://www.arcgis.com/home/item.html?id=cdc49bd63ea54dd2977f3f2853e07fff
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
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This can be done by using the Zonal Statistics as Table tool found in the Spatial Analyst toolbox. Select 
“MAJORITY” as the statistics type and “catchID” as the Zone Field (Figure 5-13). Join the attribute table 
to the catchment table.  

Figure 5-13 Zonal statistics for NRCS Soils layer. Make sure to select ‘majority’. 

5.13   CATCHMENT SLOPE 

Note: Catchment slope (“slope”) will be calculated automatically the “Catchment Attributes” model in 
the baseline mapping toolbox. See Appendix C for full instructions.  

The mean percent slope (slope) is defined for each catchment. It is reported as a decimal (e.g., 0% = 
0.00, 10% = 0.10) and formatted as specified in Table 3. 

• Create an MS4-wide slope layer by using the Slope tool and a DEM (Digital Elevation Model) layer. 
Select the % rise option in the tool to express the output as percent slope. If the DEM does not 
match the coordinate system in the map, a z-factor correction may be necessary. *Verify that the 
linear units (e.g., feet, meters, degrees) are the same for both the DEM and the Catchments layer.  
For example, if a DEM is at a 30-meter resolution, the Raster Calculator or Times tool will need to 
be used to convert units into feet.  

• Once the slope layer is created, use the Zonal Statistics as Table tool to generate the average 
slope per catchment. The catchments layer will be the “input feature zone” while the slope layer 
will be the “input value raster”, and the statistic to calculate will be the mean. (This is the same 
process explained above for % Imperviousness). 

• QA the resulting slopes to ensure they are reasonable; the mean slope functions can return odd 
results, especially if the slope was created using an ultra-high (≤ 1m) resolution DEM. 

Export this table as a “dBase” or “csv” file to a location that can be accessed later. Then create a new 
field in catchment table named “slope”. Join the slope table to catchments table. Then use field 
calculator to fill in “slope” with the data from the slope table that was just joined.  

5.14   URBAN LAND USE DISTRIBUTION 

Note: The urban land use distribution fields will be calculated automatically the “Catchment Attributes” 
model in the baseline mapping toolbox. If the land use distribution is the only desired attribute update, 
use the “Catchment Attributes – Land Use Only” model in the same toolbox. See Appendix C for full 
instructions.  

The urban land use layer is used to determine the urban land use area distribution in each catchment.  
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Table 8 – Land use layer attributes. Other fields can be included in layer but will not be uploaded to the software 
platform.  

Field Name Format Description Example Need 
LU text TELR land use category “SFR” required 

The urban land use area for each catchment can be obtained via the following steps: 

1. Intersect the urban catchment and urban land use layers to create a new layer named: 
Catchment_Parcel_LU_layer.  

2. In the resulting layer, add a field titled “ACLU” and calculate the acreage of each feature.  
3. Export the attribute table as a “DBASE” file (.dbf).  
4. Open the exported file in Microsoft Excel (Note: if you are having trouble opening the file, select 

“View All Files,” then open the .dbf file in Excel) 
5. Select all data in the spreadsheet and insert a pivot table into a new worksheet. In the pivot table 

editing box, drag the catchID to the ROWS heading and land use type (e.g. “LU_2”) field to the 
COLUMNS. Drag the ACLU field to the VALUES field and make sure the field type is SUM. 

6. The pivot table will display a row for each catchment, columns for each land use type, and values 
showing the sum of the acres for each of those land uses (Figure 5-15).  

7. Export this table as a “csv,” and join to the catchments attribute table.  

 

Figure 5-15 Land use pivot table summarizing catchment attributes 

Pivot tables can also be created using the Summary Statistics or Summarize Within and Pivot Table 
geoprocessing tools in ArcGIS Pro with the appropriate licenses.    
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6 OUTFALLS AND FLOW DIRECTION 

A stormwater outfall can be defined as any point where a separate storm sewer 
system discharges to a receiving water. These are typically in the form of pipes or 
culverts. Discrete catchments possess a singular outfall, while distributed catchments 
possess multiple outfalls.  

Flow direction points are locations where stormwater flow is exiting a discrete 
catchment into either another catchment, a receiving water, or outside the MS4 
boundary. These points are created when discrete catchments do not end in an 

outfall, but rather a subsurface pipe or above-ground channel. These are typically created when urban 
drainages are subjectively subdivided into smaller catchments. Distributed catchments do not contain 
flow direction points but rather distributed discharge due to sheetflow or multiple outfalls.  

For each permit jurisdiction, a stormwater outfall layer and flow direction points layer need to be created 
for a total of 2 point layers.  

CONSIDERATIONS: 

1 Discrete catchments have only one location where stormwater flows across the catchment boundary. 
It can be in the form of either a known stormwater outfall or flow direction point.  

2 Distributed catchments have more than one location where stormwater flows across the catchment 
boundary. Distributed catchments that drain directly into a receiving water will have multiple outfalls. 

3 Distributed catchments that have distributed flow due to sheetflow/overland flow will have no outfalls 
and no flow direction points.  

6.1 DATA SOURCE  

• Discrete catchments defined by urban catchment delineation effort (Section 5).  
• Municipality’s stormwater infrastructure GIS layers. 

6.2 LAYER ATTRIBUTES 

The stormwater outfalls point layer includes attributes to document location, stormwater flow direction, 
size, and material. 

The flow direction point layer also includes attributes to document location and stormwater flow 
direction. 
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Table 9 - Outfall and flow direction point layers attributes. Please note that some fields are required for outfalls but 
are not applicable for flow direction points.  

FIELD NAME FORMAT DESCRIPTION EXAMPLE OUTFALLS FLOW DIR. 

catchID text 
Catchment to which the point is 
associated. 

“Wat 47” required required 

out_name text 

unique ID for outfall (preserve any 
existing IDs assigned by 
municipality if desired).  
If no ID exists (and for flow 
direction points) use “catchID” 
followed by a letter. 

“RDE201” 
or 

“Wat 47a” 
required required 

rot_azi integer 

azimuth angle (rotation clockwise 
from 0° north) used to display 
stormwater flow direction on 
map. 

160 required required 

lat double 
latitude (measured in decimal 
degrees). 

36.91041 required required 

long double 
longitude (measured in decimal 
degrees). 

-121.75444 required required 

drain_area double 
Area to which the outfall drains in 
acres. 

“46.8” optional optional 

out_size text 
Diameter of culvert or pipe and 
included units (in, cm). 

“36 in.” optional N/A 

out_shape text 
Shape of outfall: round, oval, 
arch, box, etc. 

“round” optional N/A 

out_mat text 
RCP, PVC, Steel, CMP, HDPE, or 
other? 

“CMP” optional N/A 

out_type text 
Type of outfall: closed pipe, open 
drainage, manhole, other? 

“closed 
pipe” 

optional N/A 

priority text 
Is this outfall a priority in your MS4? 
(True or False) 

“Yes” optional N/A 

comments text notes as desired. 
“S. of Beach 

& Main” 
optional optional 

 

6.3 ASSIGN POINT ID 

Assign each outfall and flow direction point a unique name (out_name).  If it is a stormwater outfall with 
an existing municipal ID, the existing ID should be preserved. If it does not have an existing ID with the 
municipality, a recommended method is to add a unique number or letter as a suffix to the respective 
Catchment ID (e.g. Catchment ID = Wat 47; Flow Direction Point IDs = Wat47a, Wat47b).  
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6.4  ROTATION ANGLE 

Use this field (rot_azi) to assign the direction of flow for the stormwater 
outfall or flow direction point.  Rotation angles are presented in azimuths 
and are determined in a clockwise fashion with 0° = to North, 180° = to 
South, etc. Both outfalls and flow direction points must have a rotation 
angle, even if it is an estimate. These rotation angles can be estimates 
within the nearest 5°-10°. See Figures 5-5 and 6-1 for examples of point 
direction. 

 

6.5 DRAINAGE AREA  

Calculate the drainage area (drain_area) in acres for each outfall that drains discrete catchment(s). This 
will either be the total area of an urban drainage or the area of a single, discrete catchment.  The 
drainage area should be calculated once all urban drainages and catchments have been finalized. In 
Figure 6-1, the drainage area for outfall “R9-DO103” will be the total of urban drainage “SCE 11.” 
Drainage areas for flow direction points are optional.  

6.6 OUTFALL SIZE, SHAPE, TYPE AND MATERIAL 

Note: These fields only apply the outfall points layer. 

If known, include physical characteristics about the outfall such as size (include units), shape (round, 
oval, etc.), and type (closed pipe, open channel, etc.). These fields are optional.  

6.7 OUTFALL PRIORITY 

Note: This field only applies the outfall points layer. 

If your municipality has prioritized outfalls for cleaning and inspections, indicate that in this field (True = 
priority).  
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Figure 6-1: The drainage area for the outfall will depend on upstream routing. If the outfall drains an 
urban drainage, its drainage area will be the area of the entire urban drainage. If the outfall drains 
just one catchment, the drainage area will the area of that single catchment.  
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7 EXISTING STRUCTURAL BMPS 

Structural BMPs (sBMPs) can be defined as an engineered structure designed to capture, treat, and reduce 
urban runoff and pollution. Most cities in the US that have an MS4 permit are required track the construction 
of new sBMPs as well as the condition of existing sBMPs. The Structural BMP Module within the 2Nform platform 
aids the user in this data management process. Once users are onboarded onto the system, they will be able 
to upload all their existing structures to the platform. Here, they’ll be able to use 2NDNATURE’s BMP RAM 
Module to rapidly assess and track structure’s condition over time. To learn more about BMP RAM, view the 
technical document here: http://2ndnaturewater.com/documents/BMPRAM_TechDoc.pdf 

Use Table 10 to start the data translation from your current schema to 2Nform’s schema.  

7.1 DATA SOURCE 

Cities will likely already have some sort of data management system in place to track these structural 
BMPs. Some examples are below: 

• Excel Spreadsheets 
• GIS geodatabases 
• Hardcopy files of structure designs and locations 
• Other enterprise software or database  

7.2 LAYER ATTRIBUTES 

2Nform uses a standardized list of structural BMP types. Each type is classified by the treatment 
process(es) it possesses (infiltration, particle capture, media filtration, bio-geochemical cycling). Before 
completing the bulk upload schema, review the BMP definitions here.  

Table 10. The bulk upload schema used to upload existing BMPs to 2Nform’s Structural BMP Module. Note, this is not 
an exhaustive list of fields. For the full BMP upload schema, please download here. 

FIELD NAME FORMAT DESCRIPTION EXAMPLE NEED 

bmpid Text 

This is a unique identifier for the 
structure. It can use the city’s existing 
naming convention, or a new one if 
one does not already exist. 

PCBMP-13-
003-BR 

Required 

type Text 
Must be one of the 17 standardized 
BMP types (full name or abbreviation).  

Dry Basin OR 
DB 

Required 

latitude Number Must be in decimal degrees. 36.00000001 Required 
longitude Number Must be in decimal degrees. -121.0000001 Required 

installdat Date 
MM/DD/YYY. The date the structure 
was completed 

09/01/2006 Required 

address Text 
The address at which the structure 
can be located at.  

123 Main St, 
Santa Cruz, 
CA 95060 

Optional 

owner Text Public or Private Public Optional 

inlets Integer 
Number of inlets that direct flow into 
the structure 

1 Required 

http://2ndnaturewater.com/documents/BMPRAM_TechDoc.pdf
http://2ndnaturewater.com/documents/BMPRAM_TechDoc.pdf
http://2ndnaturewater.com/documents/BMPRAM_TechDoc.pdf
https://www.2ndnaturewater.com/wp-content/uploads/2019/02/BMP_Inventory_Definitions.pdf
https://www.2ndnaturewater.com/wp-content/uploads/2019/02/2Nform_BulkUpload_071719.xlsx
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FIELD NAME FORMAT DESCRIPTION EXAMPLE NEED 

outlets Integer 
Number of outlets that allow flow to 
exit the structure 

2 Required 

area Number The drainage area (in acres). 25.4 Required 

imparea Number 
The impervious area (in acres) that is 
treated by the BMP. 

20.5 Required 

8 EXISTING TRASH FULL CAPTURE SYSTEMS AND/OR ON-LAND VISUAL 

ASSESSMENT DATA 

On April 7, 2015, the California State Water Board adopted an amendment to the Water Quality Control Plan 
for Ocean Waters of California to Control Trash and Part 1 Trash Provision of the Water Quality Control Plan 
for Inland Surface Waters, Enclosed Bays, and Estuaries. The objective for these amendments is to protect all 
impaired waterbodies from trash. California municipalities may choose two tracks to compliance; (1) either 
by installing full capture systems (FCS) on all storm drain outfalls, or (2) by demonstrating compliance using 
an alternative method. 

2Nform uses a standardized list of Full Capture System types. Each type is classified by the treatment 
process(es) it possesses. Users may upload their existing trash full capture systems into 2Nform using the same 
bulk upload spreadsheet that is used for Structural BMPs. See the “README” tab of the bulk upload 
spreadsheet for more information. Before completing the bulk upload schema, review the FCS types here.  

Please contact the 2NDNATURE customer success team if you would like to upload your existing trash on-
land visual assessment data to the platform. 

9 EXISTING CONSTRUCTION AND LID PROJECTS 

The Construction Module in the 2Nform platform is used to inventory new construction projects and conduct 
routine site inspections on existing ones. Users can set priority thresholds and even issue enforcement actions. 
Construction projects are then automatically synced into the Low Impact Development module when 
construction is complete to track operations & maintenance and land owner communication.  

Please contact the 2NDNATURE customer success team if you would like to upload your existing construction 
projects and/or regulated projects to the platform. 

10 INDUSTRIAL AND COMMERCIAL SITES 

The Industrial/Commercial Module in the 2Nform platform is used to inventory, track, and assess existing 
industrial and commercial sites. Users can use and conduct standardized stormwater inspections related to 
their regulatory requirements.  

Please contact the 2NDNATURE customer success team if you would like to upload your existing construction 
projects and/or regulated projects to the platform. 

 

 

https://www.2ndnaturewater.com/wp-content/uploads/2019/02/2Nform_BulkUpload_071719.xlsx
https://www.2ndnaturewater.com/documents/TrashModule_FCSTypes.pdf
mailto:customersuccess@2ndnaturewater.com
mailto:customersuccess@2ndnaturewater.com
mailto:customersuccess@2ndnaturewater.com
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11 ITERATE AND REFINE 

This guidance is intended to be used by moderate to expert GIS users to leverage existing datasets and 
generate a reasonable series of mapping products to represent the urban landscape of virtually any 
municipality. As many of the guidance indicates, additional time and refinements to accurately define the 
lateral catchment boundaries will prove valuable. Similarly, time spent to ensure the land use layer 
accurately reflects existing land use will also be informative. The better the quality of the data used to inform 
the 2Nform stormwater software, the more representative the outputs will be.  



September 2019 
 

www.2ndnaturewater.com | 831.426.9119    
 

GLOSSARY 
Urban Catchment: An area within an MS4 that represents a small drainage by which stormwater is routed 
through to a respective receiving water. Urban catchments are delineated to be on the order of 100 acres 
in size. There are two types of urban catchments, discrete or distributed, defined by the number stormwater 
flow paths that exist the downslope catchment boundary.  

Discrete Catchment: A discrete catchment possesses a 
singular point at the downstream boundary of the 
catchment into either another catchment or a receiving 
water. This point may be a stormwater outfall or 
unobservable in the case where the singular point is a 
subsurface pipe, juncture of the storm drain system, or an 
above-ground channel. Whether observable or not, all rain 
falling within the catchment exits the catchment as 
stormwater runoff, flows through this single point. (See Figure 
G-1).  

Distributed Catchment: A distributed catchment possesses 
more than one outfall at the downstream boundary of the 
catchment into either another catchment or a receiving 
water. Stormwater can be routed across the catchment 
boundary by any combination of sheet flow, overland flow, 
channels, culverts etc. A distributed catchment could be 
delineated into several smaller discrete catchments, but to 
achieve the target urban catchment size, neighboring 
areas draining to the same downstream catchment or 
receiving water are grouped to make a single distributed 
urban catchment. (See Figure G-1).   

Terminal Discrete Catchment: The furthest downstream 
catchment in an urban drainage that has a single outfall and drains directly into the receiving water.   

Urban Drainage: An area within an MS4 that drains to a terminal, discrete catchment with an outfall. Urban 
drainages contain all upstream discrete and distributed catchments but must terminate with a discrete 
catchment draining to a receiving water or to a distributed catchment.   

Stormwater Outfall: Any point where a separate storm sewer system discharges to a receiving water.  

Flow Direction: A point where stormwater flow is exiting a discrete catchment into either another catchment, 
a receiving water, or outside the MS4 boundary. These points are created when discrete catchments do not 
end in an outfall, but rather a subsurface pipe (or similar). These are typically created when urban drainages 
are subdivided into urban catchments. Distributed catchments do not contain flow direction points. 

 

Figure G-1 Schematic showing the difference 
between "discrete" and "distributed" catchments. 
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APPENDIX A: LAND USE MAPPING CROSSWALK 
The 10 land use types that are used in the 2NFORM Stormwater Software Suite are listed in Table A-1 
below. Roads and right-of-way areas are added after the urban parcels have been translated into one 
of the six parcel land uses.  

Table A-1 Land use categories 

LU Type LU Name Definition 

Parcels 

IND Industrial 

Includes any parcels where industrial activities such as manufacturing, power 
generation, transportation or shipping facilities, processing of products, storage of 
vehicles or equipment or other parcels with high density equipment and/or 
vehicles present. Industrial parcels can be either publicly or privately owned. 

COM Commercial/ 
Institutional 

Parcels that include buildings structures that service a high density of human traffic 
and can be either privately or publicly owned. Commercial parcels include but 
are not limited to stores, shopping centers, office space, restaurants, and motels, 
as well as hospitals, schools or other public or institutional facilities. 

MFR Multi-family 
Residential 

Multi-family residential includes townhouses, apartments, mobile home parks, 
condominiums, etc., and their common areas. 

SFR Single Family 
Residential 

Parcels used for single-family homes.  

OTH Other/Open Space 
Undeveloped areas with minimal structures. Includes parks, open space easements 
and campgrounds. 

CUL Cultivated 
Agricultural lands where crops are cultivated and grown, and characterized by 
activities such as tilling, irrigation, application of fertilizers, etc. 

Roads 

HTR High Traffic Roads 
Roads and adjacent right of way areas that receive relatively high traffic for a 
given municipality. These include the functional road classes of interstates and 
other freeways and expressways. 

MTR Medium Traffic Roads 
Roads and adjacent right of way areas with medium traffic densities for a given 
municipality. Functional road classes considered moderate traffic include other 
principal arterial and minor arterial roads. 

LTR Low Traffic Roads 
Roads and adjacent right of way areas with relatively low traffic density for a given 
municipality. Functional road classes considered low traffic are major collector, 
minor collection, local, and undefined roads. 

UPR Unpaved Roads Roads and adjacent right of way areas that are not paved. 
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Land Use Crosswalk Examples 

While some assessors parcels can easily be identified as one of the 6 land use types, there are many 
cases where it is not perfectly clear. To aid with this classification, a list of some common assessors 
parcels land use descriptions is provided for each of the 6 land use definitions. A few tips may also help 
a user with the decision: 

• If it is not completely clear which land use type to classify a particular Assessor’s Parcel use 
code, mark the code “unclassified” in the Reclass field. These can be re-evaluated in GIS. 

• When trying to decide between two land use definitions, we recommend selecting towards the 
land use type with higher pollutant loading (see land use definitions). For example, an assessor’s 
parcel may represent both commercial and industrial land uses. In that case, select Industrial, 
because of the potentially higher pollutant loading.  

INDUSTRIAL (IND) 
County Use 

Code Parcel Use Description Reclass 

Monterey 6B Industrial / 6B Light Manufacturing or Light Industrial IND 

Monterey 6D Industrial / 6D  Industrial Park, Research Park, With or without  Imps. IND 

Monterey 6C Industrial / 6C  Heavy Manufacturing or Heavy Industrial IND 

Monterey 8F Miscellaneous / 8F Developed Gas & Oil IND 

Santa Cruz 353 353-LIGHT INDUSTRY IND 

Santa Cruz 932 932-CITY SHOP/YARD IND 

Santa Cruz 934 934-MUNICIPAL UTILITY IND 

Santa Cruz 345 345-OTHER FOOD PROCESSING IND 

Santa Cruz 350 350-HEAVY INDUSTRY IND 

SLO County 305 LIGHT INDUSTRY IND 

SLO County 379 MANUFACTURING IND 

SLO County 381 Automotive - Service Station IND 

SLO County 031  Landfill IND 

SLO County 512 Manufacturing - Heavy IND 

SLO County 511 Manufacturing - Light IND 

SLO County 534 Mining Gypsum IND 

SLO County 531 Mining Sand/Gravel IND 

SLO County 555 Oil Refinery IND 
Table A-2 Industrial parcel descriptions 
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COMMERCIAL/INSTITUTIONAL (COM) 
County Use 

Code Parcel Use Description Reclass 

Monterey 7D Institutional / 7D  Churches COM 

Monterey 5Q OVER 100 UNITS COM 

Monterey 7E Institutional / 7E Taxable  Schools,  Colleges, Day Schools, Land and/or 
Impr. COM 

Monterey 7C Institutional / 7C Fraternal  Organizations COM 

Monterey 7F Institutional / 7F Hospital Private,  Convalescent COM 

Monterey 7G Institutional / 7G  Cemeteries  Etc. COM 

Monterey 7H Institutional / 7H Museums,  Libraries COM 

San Benito CCHU OTHER FOOD PROCESSING COM 

Santa Cruz 940 SCHOOL DISTRICT APN COM 

Santa Cruz 710 CHURCH COM 

Santa Cruz 171 MULTI OFFICES/1 BLDG COM 

Santa Cruz 151 SUPERMARKET COM 

Santa Cruz 140 DEPARTMENT STORE COM 

Santa Cruz 201 FAST FOOD RESTAURANT COM 

Santa Cruz 200 RESTAURANT COM 

Santa Cruz 172 OFFICE CONDOMINIUM COM 

Santa Cruz 150 GROCERY STORE COM 

Santa Cruz 181 DENTAL OFFICE COM 

SLO County 412 Grocery - Local COM 

SLO County 411 Grocery - Supermarket COM 

SLO County 402 Hospital Private COM 

SLO County 405 Hospital Veterinarian COM 

SLO County 311 Laundromat COM 

SLO County 339 Medical Condo COM 

SLO County 364 Motel W/O Rest 101+ Units COM 

SLO County 337 Office 50+ Units COM 

SLO County 820 School COM 
Table A-3 Commercial parcel descriptions 

CULTIVATED (CUL) 
County Use Code Parcel Use Description Reclass 

Monterey 4C Agricultural / 4C  Row Crop CUL 

Monterey 4F Agricultural / 4F Vineyards CUL 

Monterey 4D Agricultural / 4D  Field Crops Alfalfa, Pasture CUL 

Monterey 4E Agricultural / 4E  Feed Lots CUL 

SLO County 030 ORCHARD/LAND ONLY CUL 
Table A-4 Cultivated parcel descriptions 
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MULTI-FAMILY RESIDENTIAL (MFR) 
County Use 

Code Parcel Use Description Reclass 

Monterey 2G Multifamily / 2G  Condominium and Townhouses, Living Units only.  See 
8D MFR 

Monterey 2C Multifamily / 2C  3 or 4 Units MFR 

Monterey 2H Multifamily / 2H  Mobile Home Parks MFR 

Santa Cruz 043 043-21 - 40 UNITS MFR 

Santa Cruz 021 021-CONDOMINIUM UNIT MFR 

Santa Cruz 044 044-41 - 60 UNITS MFR 

Santa Cruz 033 033-TRIPLEX MFR 

SLO County 216 Apartments 21-50 Units MFR 

SLO County 217 Apartments 51-75 Units MFR 

SLO County 136 MH PK - Owned SP MFR 

SLO County 341 Mobile Home Park 1-35 SP MFR 

SLO County 346  Mobile Home Park 200+ Spaces MFR 
Table A-5 Multifamily residential parcel descriptions 

SINGLE FAMILY RESIDENTIAL (SFR) 
County Use 

Code Parcel Use Description Reclass 

Monterey 1C Residential (Urban) / 1C  One Single Family Dwelling on One Site SFR 

Monterey 3E Rural / 3E Improved residential Use Up to 10 acres SFR 

Santa Cruz 020 020-SINGLE RESIDENCE SFR 

Santa Cruz 091 091-COMMON AREA/WITH IMPS SFR 

Santa Cruz 024 024-SFR W/ SECONDARY USE SFR 

SLO County 852 SFR + SECOND UNIT SFR 

SLO County 857 TOWNHOUSE SFR 
Table A-6 Single family residential parcel descriptions 

OTHER (OTH) 
County Use 

Code Parcel Use Description Reclass 

Monterey 3J Rural / 3J  Scenic Easement, Open Space, Negative Easement    -     no 
subvention OTH 

Monterey 99 Miscellaneous / 99 No other use code applies.  Not buildable OTH 

Monterey 3C Rural / 3C  Undeveloped 41 to 300 Acres OTH 

Monterey 3D Rural / 3D  Undeveloped 301 or more acres OTH 

SLO County 039 Open Space Easement OTH 

SLO County 423 Recreational - Camp Ground OTH 
Table A-7 Other parcel descriptions 
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APPENDIX B: OVERLAPPING POLYGONS 
Creating the urban land use layer usually results in some parcels and roads overlapping. To create the 
land use layer that is used in the 2NFORM Stormwater Software Suite, this layer needs to be “seamless,” 
i.e. no polygons of different land uses can be overlapping and there can be no gaps in coverage. The 
following provides some options for resolving overlapping polygons. 

One way to detect polygons of overlapping land uses is to create a new field in the catchment attribute 
table titled “LU_Difference” or something similar. Then, subtract the sum of all the land use areas from 
the catchment area. The difference should be something very minimal, ideally less than 1% of the total 
catchment area. A larger discrepancy indicates overlapping. 

There are a few options to detect and remove these overlapping portions of the land use layer, some of 
which require and Advanced ArcGIS License. Below are three options: 

OPTION 1: CHECK GEOMETRY 

More information on how the Check/Repair Geometry tools work can be found here: 
http://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/repair-geometry.htm  

1. Run the Check Geometry tool found in the Data Management Tools toolbox for the land use 
layer. The output will be a table that lists any geometry issues associated with the land use (i.e. 
null geometries or self-intersections).  

2. If geometry problems are recognized, then run the Repair Geometry tool. This will usually fix 
the majority of self-intersections, or overlapping polygons, within the same layer. 

3. Re-dissolve the land use layer by the land use type field.  
4. Recalculate the land use areas per catchment, and recalculate the “LU_Difference” field in the 

catchment attribute table. Hopefully the differences are now less than 1%.  
5. If large differences in land use still exist, please continue onto either Options 2 or 3. 

OPTION 2: CREATE A TOPOLOGY 

Note: Geodatabase topology is only available with a Standard or Advanced ArcGIS License.  

As defined by ESRI, “topology is the arrangement for how point, line, and polygon features share 
geometry.” Topologies can help ensure your data most accurately represents their geometric 
relationships. More information on topology and its uses can be found here: 
http://desktop.arcgis.com/en/arcmap/10.3/manage-data/topologies/an-overview-of-topology-in-
arcgis.htm  

**It is recommended to use Option 2 over Option 3, as it provides a quicker and easier way 
to view and resolve the overlaps. 
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STEPS TO CREATING AND VALIDATING A GEODATABASE TOPOLOGY 

1. Create a file geodatabase with subsequent feature datasets (if you 
are not already working with a geodatabase structure).  

2. Topology rules can be created for each feature dataset. It is 
recommended to create a feature dataset for the land use layers 
(LandUsePlanning shown on right, and one for the catchment layer 
(Hydrography shown at right). 

3. Right click on a feature dataset and select “New…Topology”.  
4. Select the feature classes that will be participating in the topology rules (i.e., land use layer or 

catchment layer).  
5. Use the rules “Must Not Overlap” and “Must Not Have Gaps,” and validate. 
6. Drag the topology into the table of contents (and its associate feature class, if 

necessary). 
7. Turn on the topology toolbar, making sure the correct geodatabase topology is 

selected, and select the “Fix Topology” cursor.  
8. Right click on all the red areas, and click “Merge.” Select the LU/road 

type/catchment that you would like to keep. Do this for all errors.  
a. Note: Unfortunately, there is no way to Merge multiple overlapping 

polygons at once.  

OPTION 3: COUNT OVERLAPPING POLYGONS TOOL 

Note: This tool only works with an Advanced ArcGIS License.  

This tool is useful for counting and identifying overlapping polygons in the same feature class. Credits 
and download link can be found here: 
https://www.arcgis.com/home/item.html?id=1dd4a6832b3d40b494dbf8521cc5134c 

Input the layer with overlapping polygons, and the export will give a count of how many polygons are 
overlapping. A Join Value of 1 is good, but 2 and up indicate that there is overlapping present. 

1. Display the output layer so only polygons with a Join_Value of 2 and up are 
displayed, or delete all rows in the attribute table where a Join_Value of 1 
occur. 

2. Navigate to overlapping areas  
3. Start an editing session with the land use layer 

a. Select each land use type, and hit Explode Multipart to make sure only 
one polygon is removed at a time 

4. Select the overlapping polygon in the land use layer (not the count overlapping 
layer). 

5. In the editing menu (not toolbox), clip the selected overlap and check the box 
that says “Discard the area that intersects”. 

6. Do this for every land use attribute that is double layering 
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APPENDIX C: BASELINE MAPPING TOOLBOX 
In an effort to increase efficiency and decrease human error, 2NDNATURE staff have created a GIS 
toolbox that is designed to help streamline simple and/or repetitive GIS tasks related to baseline 
mapping. Steps to implement and a description of each model are listed below. 

Please note that this toolbox was developed in Version 2.4.1 of ArcGIS Pro. The toolbox has 
also been converted to a 10.5/10.6 version, but there is no guarantee that the converted 
models will work.  

Download Toolboxes Here: https://we.tl/t-GlwAFa3HfL    

ADD NEW TOOLBOX 

1. Open Catalog > navigate to Toolboxes > right-click and select “Add Toolbox” 

 
2. Navigate and select to where the downloaded toolbox was saved 

MODEL DESCRIPTIONS AND INSTRUCTIONS 

These instructions are meant to provide context and direction in how to use the model. For full 
explanation on the input layers and how to create them, please reference the mapping guidance 
document where these models are cited.  

TIGER ROADS RECLASS  

Use this model to help create the correct land use designations using the TIGER roads dataset. See 
Section 4.2 for more information on creating a buffered roads layer.  

• Make sure that the TIGER roads layer has a field titled “MTFCC” that is populated with the 
standard TIGER MTFCC road classification codes (ex. S1100).  
 

1. Open the “TIGER Roads Reclass” model and drop in the TIGER Roads layer  
2. Click Run 
3. QA results by making sure every feature has either “HTR”, “MTR”, “LTR”, or “UPR” in the 

Road_Class field.  
 

https://we.tl/t-GlwAFa3HfL
https://we.tl/t-GlwAFa3HfL
https://www2.census.gov/geo/pdfs/maps-data/data/tiger/tgrshp2009/TGRSHP09AF.pdf
https://www2.census.gov/geo/pdfs/maps-data/data/tiger/tgrshp2009/TGRSHP09AF.pdf
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CREATE GRID & LAND USE LAYER CREATION  

Use this model to help create the “seamless” land use layer. The results will be a draft land use layer 
that will still include right-of-way (ROW) areas that will need to be visually QA’d and changed to one of 
the 10 land uses we provide (See Sections 4.2 and 4.3).  

• Make sure to use the 2016 NLCD layer as the input grid for the Create Grid model. 
• Make sure to have the correct buffered roads layer with “Road_Class” field. See section 4.2 for 

more details. Note: this layer is the QA’d output of the “TIGER Roads Reclass” model. 
• Make sure that the parcel’s land use field is titled “LU” 

 
1. Open the “Create Grid” model and drop in the 2016 NLCD layer under “Raster Input” and the 

boundary layer under “MS4 Boundary.” Select the desired workspace (as a geodatabase), the 
local projected coordinate system, and the desired out file name and location. 

2. Click Run. 
3. QA results to make sure the created grid aligns with the project boundary (grid extent will 

extend 120m beyond the MS4 boundary).  
4. Open the “Land Use Layer Creation” model and drop in the grid, boundary, buffered roads, 

and parcel layer.  Select the correct geodatabase to save the outputs. 
5. Click Run. 
6. QA results and begin changing ROW areas to the correct land uses.  

AUTOMATIC CATCHMENT NAMING 

Once the catchment layer geometry has been finalized, run this model to name catchments with 
sequential numbering and lettering. (See Section 5.7) 

1. Create fields “catch_text” (text field) and “catchID” (text field) in catchment attribute table. 
a. Populate the “catch_text” field with 3-4 letter abbreviation of the receiving water it is 

draining to (for example, Reclamation Ditch West would be “RDW”) 
b. Leave “catchID” blank 

2. Open “Automatic Catchment Naming” model and drop in the Catchment Layer 
3. Click Run 
4. QA results to make sure all catchments are named correctly  

CATCHMENT ATTRIBUTES 

Once the land use layer has been finalized and catchments are named, run this model to calculate 
catchment percent impervious (imp), slope (catSlope), soil type (soil), and land use distribution. 
(See Section 5.6) 

• If necessary, download 2016 NLCD layer here 
• Make sure slope raster is saved as a percent slope  
• Make sure soils layer is saved as a raster  
• Make sure catchments have unique IDs populated in the `catchID` field 
• Make sure land use layer is final, with competed `LU` field 

 

https://www.mrlc.gov/data
https://www.mrlc.gov/data
https://www.mrlc.gov/data
https://www.mrlc.gov/data
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1. Open “Catchment Attributes” model and drop in the Catchments layer, land use layer, and 
impervious, soils, and slope raster layers. Selected the correct workspace and local projected 
coordinate system (DO NOT use an unprojected coordinate system!) 

2. Click Run 
3. QA results to make sure all catchment attributes are calculated correctly.  

a. Impervious (imp) and slope (slope) outputs should be decimal values between 0-1.  
b. If there was no dominate soil group, “MANUAL QA NEEDED” will appear in the soil field 

of the attribute table. Manually update any catchments as necessary to ensure all 
catchments have a dominant soil type listed as “A”, “B”, “C” or “D”. 

c. The sum of the acres in all land use distribution fields should equal the total catchment 
acreage for each given catchment.  

**Hint: If, for some reason, only land use totals will need to be recalculated, you may use the 
“Catchment Attributes – Land Use Only” model to recalculate and re-create the land use fields. You 
may delete the current fields, or the model will append the table with fields with the suffix “_1”.  
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