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Supplement B: Methodologies contains more information on the following land use and 
water quality analysis discussed in the Croton Bay Watershed Plan:  

• Land Use Classification; 
• Impervious Surface Calculations; 
• Existing Field Conditions; 
• Non-structural Stormwater Management Practices and 
• Water Quality Impairment Model 
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Land Use Classifications 
In 1996 and 2004, Westchester County Department of Planning created a generalized 
land use and open space classification system consisting of traditional land uses and open 
space.  The Geographical Information System (GIS) database of the generalized land use 
and open space of Westchester County was developed through review of aerial 
photographs, local land use maps and other sources.  The resulting maps present a 
generalized picture of land use that is not parcel-specific.  In order to develop a detailed 
land use analysis for the Croton Bay Watershed, all available tax parcel data were 
incorporated into the current Westchester County land use and open space GIS data.  This 
resulted in a centralized GIS database for the Croton Bay Watershed.  The compilation of 
the data to develop the centralized land use, open space and tax parcel data for the Croton 
Bay Watershed required a number of different steps of data sorting.   
 
Step 1: Developing the Croton Bay Watershed Land Use Classification System 
 
The first step in developing the centralized GIS database was to create a new series of 
land use and open space classifications, entitled the Croton Bay Watershed Land Use 
Classification System (CBWLUCS).  This classification system emphasizes those land 
uses that are significant to the watershed analysis.  The assignment of the CBWLUCS 
began with recategorizing the current generalized land use identifications to make sure 
that all land uses in the Croton Bay Watershed were represented.  Additional and 
substitute classifications created for the CBWLUCS were incorporated into the data and 
are highlighted in gray in the Table S-1.  Upon investigation of the original residential 
land use categories found in Westchester County’s land use GIS data layer, it became 
evident that some of the residential areas in the Croton Bay Watershed were not 
categorized properly.  It was found that the Westchester County GIS zoning data layer 
was more accurate.  As a result, residential areas were identified by zoning categories as 
described in Table S-1 under CBWLUCS definition.  Exceptions to the CBWLUCS 
definitions of the residential categories are as follows: 

1. Ossining Village: 
i. PRD was assigned Class R-D because minimum lot size is 7500 

square feet; 
ii. S-100 10,000 square feet was assigned Class R-D; 

2. Ossining Town: 
i. R-20/MF was assigned Class R-E because majority was defined as 

multi-family; 
ii. BE/R30 was assigned zoning R-30 according to Town Plan; 

iii. All multi zoning was assigned Class R-D because average land 
area fits into R-D; 

3. Croton-on-Hudson: 
i. WDD was assigned Class R-D; 

ii. RB was assigned Class R-D because the minimum sq ft for a single 
home in this zoning district is 5000 sq ft.  There are single and two 
family residences located in RB, but it is not possible to distinguish 
between the two. 
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Table S-1: Croton Bay Watershed Land Use Classification System (CBWLUCS) 

Class  CBWLUCS CBWLUCS definition 
GIS     

NONRES  Non-Residential 
  AGR Agriculture 
  CEM Cemetery 
  CR Commercial 
  IPA Institutional 
  MIW Manufacturing  
  MIXED Mixed Use 

  OFF Office 
  TCU Transportation Utility 
  MIN Mining and Quarrying 

OPEN  Open Space 
  NATPR Nature Preserve 

  PPA Public Park Active 
  PPP Public Park Passive 
  PR Private Recreation 

  PUB Public Non-Park Land 
  PUR Public Recreation 

RES* Residential 

  R-A 2A, R-80 (≥ 2acres) 
  R-B RA-40, R-30 (0.75-1acre) 
  R-C R-20, R-25, R-15 (0.25-.75) 

  R-D 
R-9, R-7.5, R-5, RA-5 (≤ 

.25) 
  R-E MF (Multi family) 

UNDEV  Undeveloped 
  U Undeveloped 

WATER   Water 
  IWB Waterbody 

  W-SUP Water Supply 
 
Step 2: Creation of Croton Bay Watershed Primary Land Use Category 
 
After the initial CBWLUCS was established another category, Croton Bay Watershed 
Primary Land Use (CBWPLU), was created for each record to better describe the primary 
use of the land for the different CBWLUCS classes.  The CBWPLU was defined to allow 
the identification of land uses as they relate to water quality.  The CBWPLU also allows 
for association of pollutant loading coefficients and impervious cover to various land uses 
in order to determine the potential water quality impact of that land use.  Highlighted in 
gray, in Table S-2, are general land use categories of Residential, Non-Residential, Open 
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Space, Undeveloped and Water.  Listed under each general land use category is the 
associated CBWLUCS (in bold) and the detailed CBWPLU (italicized). 
 
Step 3: Tax Parcel Association to CBWLUCS and CBWPLU 
 
The next step was to incorporate any existing tax parcel data.  Individual tax parcels from 
the Electronic New York State Real Property Service (NYSRPS) database files were 
available for the Towns of New Castle and Cortlandt, and the Village of Croton-on-
Hudson.  The Town and Village of Ossining currently do not have computerized tax 
parcel data.   
 
The NYS Property Type Classification Code system consists of numeric codes in nine 
categories.  Each category is composed of divisions, indicated by the second digit, and 
subdivisions where required, indicated by a third digit.  The codes are selected and 
affixed by the municipality’s tax assessor’s office. 
 
The nine major categories of the NYSRPS classification code are: 
 
100 Agricultural - Property used for the production of crops or livestock. 
200 Residential - Property used for human habitation.  (Living accommodations such 

as hotels, motels, and apartments are in the 400 Commercial category.) 
300 Vacant Land - Property that is not in use, is in temporary use or lacks permanent 

improvement. 
400 Commercial - Property used for the sale of goods and/or services. 
500 Recreation & Entertainment - Property used by groups for recreation, amusement 

or entertainment. 
600 Community Services - Property used for the well being of the community. 
700 Industrial - Property used for the production and fabrication of durable and non-

durable man-made goods. 
800 Public Services - Property used to provide services to the general public. 
900 Wild, Forested, Conservation Lands and Public Parks - Reforested lands, 

preserves and private hunting and fishing clubs. 
 
To create the Croton Bay Watershed centralized land use database, each NYS Property 
Type Classification Code was assigned to a CBWLUCS and CBWPLU.  The exception 
to this labeling was the Residential (200) category NYS Property Type Classification 
Codes because, as stated previously, the residential areas were categorized based on 
zoning and not housing type. 
 
Table S-3 identifies the NYS Property Type Classification Code codes, the CWLUCS 
classifications and CBWPLU found in the Croton Bay Watershed.

Archived File - May Not Be ADA Compliant



11/30/2007 WDCP 5

Table 5-2: Details of the Croton Bay Watershed GIS database classification systems 
 

Residential Non-Residential Open Space Undeveloped Water 
R-A AGR Agriculture NATPR Nature Preserve U Undeveloped IWB Waterbody 
R-A Farm Preserve Undeveloped Waterbody 
R-B Live Stock / Stables PPA Public Park Active   W-SUP Water Supply 
R-B Nursery Beach   Water Supply 
R-C Other Club/Center     
R-C CEM Cemetery Open Space General     
R-D Cemetery R.O.W. Easements     
R-D CR Commercial Historic     

  Commercial General Marina     
  Hotels, Motels and Resorts Park     
  Motor Vehicle Services PPP Public Park Passive     
  IPA Institutional Open Space General     
  Institutions R.O.W. Easements     
  MIW Manufacturing Marina     
  Manufacturing/Warehouse Park     
  MIN Mining and Quarrying Camp     
   Mining and Quarrying PR Public Recreation     
  MIXED Mixed Use Camp     
  Mixed Use  Club/Center     
  OFF Office Conservation Land     
  Office Golf     
  TCU Transportation Utility  Historic     
  Transportation General Homeowners Assoc.     
  R.O.W. Easements Marina     
  Utilities Open Space General     
  STP Sewage Treatment Plant Park     
  Sewage Treatment Plant Private Recreation General      
    PUB Public Non-Park Land     
    Conservation Land     
    R.O.W. Easements     
    Landfill     
    Marina     
    Non-Park Lands General     
    PUR Public Recreation     
    Golf     
    Club/Center     
Highlighted in gray are the general land use categories CBWLUCsClass categories are bold faced CBWPLU are italicized 
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Table S-3: CBWLUCS and CBWPLU classifications assigned to the NYS Property Type Classification Code 
 

NYS 
CODE  

 NYS PROPERTY TYPE 
CLASSIFICATIONCATEGORY DIVISION CBWLUCS CBWPLU 

210 RESIDENTIAL One Family Year-Round Residence Based on Zoning (see Table S-1) Based on Zoning (see Table S-1) 
220 RESIDENTIAL Two Family Year-Round Residence Based on Zoning (see Table S-1) Based on Zoning (see Table S-1) 
230 RESIDENTIAL Three Family Year-Round Residence Based on Zoning (see Table S-1) Based on Zoning (see Table S-1) 
240 RESIDENTIAL Rural Residence with Acreage Based on Zoning (see Table S-1) Based on Zoning (see Table S-1) 
250 RESIDENTIAL Estate Based on Zoning (see Table S-1) Based on Zoning (see Table S-1) 
260 RESIDENTIAL Seasonal Residences Based on Zoning (see Table S-1) Based on Zoning (see Table S-1) 

280 RESIDENTIAL 
Residential - Multi-Purpose / Multi-

Structure Based on Zoning (see Table S-1) Based on Zoning (see Table S-1) 
311 VACANT LAND Residential U Undeveloped 
312 VACANT LAND Residential U Undeveloped 
314 VACANT LAND Residential U Undeveloped 
322 VACANT LAND Rural U Undeveloped 
323 VACANT LAND Rural U Undeveloped 

330 VACANT LAND 
Vacant Land Located in Commercial 

Areas U Undeveloped 
411 COMMERCIAL Living Accommodations RMD Res Med Density 
480 COMMERCIAL Multiple Use or Multipurpose MIXED Mixed Use 
554 RECREATION AND ENTERTAINMENT Outdoor Sports Activities PR Club/Center 
557 RECREATION AND ENTERTAINMENT Outdoor Sports Activities PR Club/Center 
560 RECREATION AND ENTERTAINMENT Improved Beaches PPA Beach 
591 RECREATION AND ENTERTAINMENT Parks PPA Park 
592 RECREATION AND ENTERTAINMENT Parks PPA Park 
612 COMMUNITY SERVICES Education IPA Institutions 
615 COMMUNITY SERVICES Education IPA Institutions 
620 COMMUNITY SERVICES Religious IPA Institutions 
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NYS 
CODE  

 NYS PROPERTY TYPE 
CLASSIFICATIONCATEGORY DIVISION CBWLUCS CBWPLU 

     
632 COMMUNITY SERVICES Welfare IPA Institutions 
633 COMMUNITY SERVICES Welfare IPA Institutions 
642 COMMUNITY SERVICES Health IPA Institutions 
680 COMMUNITY SERVICES Cultural and Recreational IPA Institutions 
681 COMMUNITY SERVICES Cultural and Recreational IPA Institutions 
691 COMMUNITY SERVICES Miscellaneous PPA Club/Center 
695 COMMUNITY SERVICES Miscellaneous CEM Cemetery 
710 INDUSTRIAL Manufacturing and Processing MIW Manufacturing/ Warehouse 
822 PUBLIC SERVICES Water W-SUP Water Supply 

960 
WILD, FORESTED, CONSERVATION 

LANDS AND PUBLIC PARK Public Parks PPA Park 

961 
WILD, FORESTED, CONSERVATION 

LANDS AND PUBLIC PARK Public Parks PPA Park 

962 
WILD, FORESTED, CONSERVATION 

LANDS AND PUBLIC PARK Public Parks PPA Park 

963 
WILD, FORESTED, CONSERVATION 

LANDS AND PUBLIC PARK Public Parks PPA Park 

970 
WILD, FORESTED, CONSERVATION 

LANDS AND PUBLIC PARK Other Wild or Conservation Lands PPA Conservation Land 

972 
WILD, FORESTED, CONSERVATION 

LANDS AND PUBLIC PARK Other Wild or Conservation Lands PPA Conservation Land 
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Step 4: Creation of Centralized GIS Land Use Database 
 
After the conversion of NYS Property Type Classification Codes codes to the CWLUCS and CBWPLU classifications, this data was 
then combined with the land use data of the Town and Village of Ossining to create the centralized GIS land use database.  Each 
municipality in the Croton Bay Watershed was asked to identify any land use or zoning changes that occurred since 1996, the date 
Westchester County’s land use data was last updated.  All identified changes were incorporated into the database. 
 
Once the Croton Bay Watershed centralized land use database was established, it became possible to complete a detailed watershed 
land use analysis. 
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Impervious Calculations 
 
In order to assess the amount of imperviousness that each land use contains the following steps were taken: 

A) The 2000 Westchester County Planimetric Structural and Transportation shape files were clipped to form two new shape files.   
B) The clipped Planimetric Structural and Transportation data shape files were then individually intersected with the centralized 

Croton Bay Watershed land use database.  By intersecting the centralized land use data layer with the Planimetric Structural 
and Transportation data layers two new shape files were created; one with structural data and the other with transportation 
data.   

 
Table S-4 describes the structural and transportation impervious surface data that was included in the Planimetric data layers.  
Note that unpaved roads are being considered an impervious surface.  Most unpaved roads still contribute high amounts of 
stormwater runoff due to the fact that the road is quite compact and does not allow for easy infiltration.  Furthermore, because 
the roads are unpaved they also contribute to the overall sediment loading of stormwater runoff and cannot be ignored. 

 
Table S-4: Impervious structural and transportation categories used for the Croton Bay Watershed 

Structural Planimentric Data 
Buildings (over 200 sq. ft)  

Tanks (over 500 sq. ft)  
Towers  

Antennas (over 200 sq. ft)  
Train Stations  

Miscellaneous Structures  
Train Platforms  

 
Transportation Planimentric Data 

Paved roads  
Major Paved Alley  
Unpaved Roads  

Paved Driveways over 100’  
Public Sidewalk  
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Paved Parking over 10 spaces 
 
 

Due to data gaps in the initial open space, land use and tax parcel data, there are small areas found throughout the Croton Bay 
Watershed that do not contain any land use information.  When the centralized land use data was intersected with the 
Planimetric data, the initial data gaps caused some of the Planimetric data not to find an associated record.  Approximately, 
3.8% of the structural data layer for the Croton Bay Watershed does not have a designated CBWPLU.  Less than 1 % of the 
transportation data set does not have an associated CBWPLU.  Where possible, land use information was added to data gaps.   
 

C) Finally, areas of structural and transportation imperviousness were queried by data code from each database by CBWLUCS, 
CBWPLU, watershed, subwatershed and municipality.  Impervious data provided by the queries were incorporated into the 
Croton Bay Watershed data analsis. 
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Existing Field Conditions 
 

To provide information on existing water impairment conditions, aerial maps were produced during the fall of 2004 for the purpose of 
evaluating current stormwater problem areas in each municipality in the Croton Bay Watershed.  Site reconnaissance identified any 
major outfalls or erosion areas of concern, land uses of potential pollutant contributions (ie. parking lots or commercial districts) and 
known areas of flooding.   

 

Non-structural Stormwater Management Practices 
 

Non-structural stormwater management program questionnaires were sent to each municipality to gather information on current water 
quality programs.  The questionnaire covered the following non-structural stormwater management areas: 

• Catch Basin Cleaning: Existing programs and cleaning schedules; 

• Hazardous Waste Collection: Existing programs and how often collections are scheduled; 

• Illicit Discharge Connections: Mapping progress of sewer systems, investigations into illicit connections and existing 
programs; 

• Leaf Collection: Existing programs, collection  schedule and mechanism; 

• Public Education: Current stormwater public education and outreach; 

• Road Salt Management: Salt or sand application, storage of materials and current programs or policies; 

• Septic System Management: Septic system monitoring, maintenance and current programs; 

• Stormwater Infrastructure Mapping: Progress of mapping stormwater infrastructure and identification of catch basins and 
outfalls; 

• Street Sweeping: Current programs and collection schedule and mechanism. 
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Every municipality except for the Village of Ossining returned the non-structural stormwater management assessment questionnaire.  
Found below is a sample of the questionnaire sent to each municipality. 
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Croton Bay Watershed Conservation Action Plan 
Non-structural Stormwater Management Programs Questionnaire 

January 12, 2005 
 
Name of Municipality:  
 
Catch Basin Cleaning 
 
1.  Is there an existing program? 
 
2.  How many catch basins get cleaned each year? 
 
3.  How often do they get cleaned? 
 
4.  Does catch basin cleaning occur in the Croton Bay Watershed?  If so, does it include all of the area in your community in the 
Croton Bay Watershed? 
 
Hazardous Waste Collection 
 
1.  Is there a hazardous waste collection program in place? 
 
2.  How often are the collections held? 
 
 
Illicit Discharge Connection 
 
1.  Has the sanitary sewer system been digitally mapped? 
 
2.  Have all of the potential illicit discharge outfalls been identified and mapped? 
 
3.  Is there an illicit discharge detection program in place?  If so, please briefly describe the program. 
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Leaf Collection 
 
1.  Is there a leaf collection program in place? 
 
2.  Does leaf collection occur in the Croton Bay Watershed?  If so, does it include all of the area in the community in the Croton Bay 
Watershed?  
 
3.  How often are the leaves collected and by what mechanism? 
 
Public Education 
1.  Please briefly describe any current stormwater public education programs. 
 
 
Road Salt Management 
 
1.  What type of salt is used?  Is sediment used as well?  
 
2.  Is the road salt/sediment stored in a covered building? 
 
3.  Is the salt/sediment stored near a water source?  If so, how far away from that water source is it stored? 
 
4.  Is there a program in place to limit the quantity of salt/sediment that is applied?  If so please briefly describe the program. 
 
5.  Are there any local regulations or policies about where snow may be disposed of after plowing?  If so what are they? 
 
Septic System Programs 
 
1.  Are there septic systems within your municipality?  If so, are there any located in the Croton Bay Watershed? 
 
2.  Is there a tracking system for septic system failures within your municipality? 
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3.  Is there a program in place that requires septic system maintenance and checking for any potential failure?  If so, please briefly 
describe the program. 
 
Stormwater Infrastructure Mapping 
 
1.  Has the stormwater infrastructure been digitally mapped? 
 
2.  Are all catch basins and outfalls identified? 
 
Street Sweeping 
 
1.  Is there a street sweeping program in place? 
 
2.  Does street sweeping occur in the Croton Bay Watershed?  If so, does it include all of the area in your community in the Croton 
Bay Watershed?  
 
3.  How often are the streets swept and by what mechanism? 
 
Other Programs 
1.  Are there other noteworthy stormwater management programs that your municipality has created that are not listed in this 
questionnaire and you would like us to reference in the Croton Bay Watershed Conservation Action Plan?  If so, please briefly 
describe the program or programs. 
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Water Quality Impairment Model 
 
In order to determine the impact different land uses have on nonpoint source pollution, a simplified water quality impairment model 
was applied to the Croton Bay Watershed.  A water quality impairment model is a helpful water quality indicator because it provides 
an initial, rapid analysis of a complex issue using simplified equations.  The water quality impairment model was based on the Simple 
Method created by Thomas Schueler (1987).  The Simple Method estimates nonpoint source runoff pollutant loads from a particular 
drainage area.  The Simple Method, which incorporates drainage area, impervious cover, stormwater runoff pollutant concentrations 
and annual precipitation, uses the following three equations to calculate overall pollutant loading from each land use.   

a. Annual Runoff (calculates the annual runoff from a particular drainage area): R=P*Pj*Rv; 
where R= runoff; P= Annual Rainfall; Pj= Fraction of annual rainfall events that produce runoff; Rv=Runoff coefficient 

b. Runoff Coefficient (coefficient based on impervious function of a particular land use): Rv=0.05+0.9Ia;  
where Rv=Runoff coefficient and Ia=Impervious Fraction  

c. Annual Pollutant Loading (Calculates the  pollutant loads for different chemical constituents): L=0.226*R*C*A;  
where R=Annual Runoff; C=Pollutant Concentration and A= Area. 

 
The Simple Method requires either direct or approximated measurements for the different coefficients listed above.  Direct 
measurements were available for the various existing land uses, rainfall, impervious surfaces, and drainage area.  Direct measurements 
were not available for the fraction of annual rainfall events that produce runoff, or the pollutant concentrations.  For the Croton Bay 
Watershed water quality model, the following data or approximated measurements were used: 

• Land uses used in the model were all of the Croton Bay Watershed Primary Land Use.   
• The rainfall data used in the model is based on average precipitation data from Scarsdale, NY for the years 1931-1991 from the 

World Climate Data Center.  The data is an estimate of precipitation based on actual data from the National Climatic Data 
Center Cooperative Stations.  The average precipitation used in the model was 46.6 inches.   

• Impervious areas were calculated from the 2000 Westchester County Planimetric Structural and Transportation shape files and 
summed together to get a total impervious area for each Croton Bay Watershed Primary Land Use.  A percent imperviousness 
was calculated for each environmental function by taking the total impervious area for each CBWPLU and dividing it by the 
total CBWPLU area, calculated from the Planimetric Transportation data set and multiplying it by 100.  

• The drainage area used in the model was directly calculated using the Planimetric Transportation data set.  
• The Croton Bay Watershed water quality model used 0.90 for the fraction of annual rainfall that produces runoff.  This is a 

common measurement for developed areas like the Croton Bay Watershed.   
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• Pollutant loading data was held constant for the different land uses as a result of not being able to find data that did not vary.  
Pollutant concentrations will differ depending on factors such as the location and details of the scientific study.  Pollutant 
concentrations of 2.2 mg/l for Nitrogen, 0.4 mg/l for Phosphorus and 100 mg/l for TSS were used.  These numbers can be 
found in the CWP WTM 3-1 under the average residential pollutant loadings (http://www.stormwatercenter.net/). 

  
Water quality impairment models use several indicators to estimate pollutant loads from the land.  In order to effectively obtain an 
accurate impact estimate certain indicators must be known.  These indicators include drainage area, impervious cover, runoff pollutant 
concentrations and annual precipitation. The following information was used to fulfill the data needs of the water quality model in 
relation to impervious surfaces and pollutant loadings:  (Information pertaining to other indicators can be found in Supplement B: 
Methodologies.) 
 
Impervious Surfaces- The Croton Bay Watershed contains approximately 283 acres (8.5% of the total watershed area) of impervious 
surfaces.  Water quality impairment in a watershed has been noted to commence with as little as 5% impervious surfaces.  Figure 3-1 
displays the percent impervious surface for each Croton Bay Watershed Primary Land Use (CBWPLU).  Commercial, mixed use, 
residential R-D(<0.25 acres), non-residential easements and transportation have the highest percentage of impervious surfaces (refer to 
Table 2-8).   
 
Pollutant Loadings-  The water quality impairment model investigated pollutant loadings for total suspended solids (TSS), nitrogen 
(N) and phosphorus (P) in relation to each CBWPLU.  Figure 3-2 displays the concentration of Total Suspended Solids (TSS) that 
each CBWPLU contributes to the watershed.  The water quality impairment model kept the pollutant loadings of N, P and TSS 
constant between land uses, therefore only Total Suspended Solids is graphically depicted.  The pollutant loading patterns for N and P 
are similar to TSS (for more details on the water quality model please refer to Supplement B: Methodologies).   
 
This correlation can be seen in Figure 3-3.  
 
Figures 3-1 and 3-2 demonstrate which CBWPLUs in the Croton Bay Watershed are responsible for contributing the greatest 
concentration of polluted runoff based on the amount of impervious surfaces found in each land use.  Commercial, mixed use, 
residential R-D (<0.25 acres), non-residential easements and transportation land uses contribute the most pollution per acre of land 
area.  It is important to mention that even though a land use might be contributing a greater concentration of pollutants does not mean 
that other land uses are not responsible for contributing to stormwater pollution.  Figure 3-4 displays the total land area (%) that each 
CBWPLU comprises within the watershed.  Figure 3-4 is important because it demonstrates the amount of pollutant loading that other 
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CBWPLUs are contributing to the watershed.  Combined, these land uses make up a large portion of the total watershed.  In the 
Croton Bay Watershed, residential R-A, R-B, R-C and R-D districts individually comprise a greater land area than any of the non-
residential land uses and, therefore, contribute larger amounts of pollutants to the watershed strictly based on the fact that they 
encompass more total land area in the watershed.   

Figure 3-1: Percent impervious surface for each Croton Bay Watershed Primary Land Use 
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Figure 3-2: Total suspended solids concentration for each Croton Bay Watershed Primary Land Use 
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Figure 3-3: Correlation between imperviousness and pollutant concentration in the Croton Bay Watershed water quality model 
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Figure 3-4: Percent of area each Croton Bay Watershed Primary Land Use comprises of the Croton Bay Watershed 
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