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Abstract
Coyle, Elizabeth, E. A GIS Non-point Source Pollution Mode] Of the Onondaga Lake
Watershed......... Typed and bound thesis, 156 pages, 21 tables, 14 figures, 2002.

Non-point source (NPS) pollution originates from diffuse sources in a watershed and
contaminates the surface waters. Watershed characteristics such as land cover types,
soil types, terrain features, and stream proximity strongly influence the kinds and
amounts of NPS pollutant inputs to the surface waters. A Geographic Information
System (GIS) is an appropriate tool for modeling these watershed attributes due to
their geographic nature. This GIS model developed for the Onondaga Lake

watershed compiles and analyzes some of these watershed attributes and calculates
in-stream concentrations of three NPS pollution indicators at various points within the
watershed. A comparison of sample data taken from the watershed tributaries is

made with the results calculated by the GIS model and it is shown that reasonable
estimates of in-stream concentrations of NPS pollutant indicators can be generated.
The ability to reasonably calculate NPS pollutant loadings will become very useful.
Ultimately, areas that yield high NPS loadings can be identified and appropriate water
quality improvement projects can be implemented based on the characteristics of
these areas. '
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Chapter 1
Introduction

Pollutant inputs have deteriorated the water quality of urban lakes, planet-wide,
through the centuries. Some of these inputs are direct discharges to either the lakes or
their tributaries and some are diffuse, indirect inputs coming from the surrounding
watersheds. Onondaga Lake, located in Syracuse, NY is no exception. The water
quality of this urban lake has also deteriorated due to both point source and non-point
source (NPS) pollution. The moreh that is reported herein, models three indicator
parameters of NPS pollution in the Onondaga Lake Wateréhed, ely two nutrients,
total kjeldahl nitrogen (TKN) and total phosphorous (TP), and total suspended solids

(TSS).

NPS pollution occurs during runoff events due to precipitation in the watershed. This
type of pollution is directly related to watershed characteristics such as terrain, soil
type and proximityr to surface waters. Areas of steep terrain will have higher rates of
surface runoff after torms, carrying nutrients and NATTent in the runoff to
surface waters Soils that erode easily will contribute more ded solids loadings
and clayey soils will have higher runoff rates. Areas that are closer in proximity to
surface waters will contribute more than areas further away. The most influential
watershed factor however, is how and for what, thﬁ %jand;f Fgﬁ)g used. Each land

=Y

cover type and use, contributes nutrient and sediment loadings to surface waters,
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raising the concentrations of pollutants in these surface waters and deteriorating the

water quality.

A geographic information system (GIS) is perhaps one of the most appropriate tools
for storing information concerning watershed characteristics and for analysis and
modeling. “In fact, a GIS is a unique visualization tool that supports an integrated
approach to management of land and water resources since it can merge climate, soil,
topography, infrastructure, land-use and hydrology data with various management
practices” (Hamdy, 2002). Due to the fact that NPS pollution is directly related to the
watershed characteristics, information that is geographically related, a GIS is quite

appropriate for modeling this type of pollution in a watershed.

The model developed for the Onondaga Lake watershed demonstrates that a GIS can
be used to calculate reasonable estimates of in-stream concentrations due to NPS
pollutant loadings from the surrounding watershed. The ability to reasonably
estimate NPS pollutant loadings will become very useful in decision-making
concerning pollution sources and water quality improvements, Areas contributing

high NPS loadings can be identified and the appropriate improvement projects can be

implemented based on the characteristics of the high concern areas.




Chapter 11
Background

Description of Study Area

Onondaga Lake is located at the northwestern corner of the City of Syracuse in
Onondaga County, New York. This small lake covers an area of 12 square kilometers
and is approximately 7.6 kilometers long by 1.6 kilometers wide. The lake has an
average depth of approximately 10.7 meters with two distinct basins, referred to as
the North Deep and the South Deep, that are between 18 and 21 meters in depth. The
outlet of Onondaga Lake flows into the Seneca River which joins the Oneida River to

form the Oswego River, which ultimately discharges into Lake Ontario.

Virtually the entire drainage basin of the lake, consisting of approximately 712 square
kilometers, lies within Onondaga C ounty. The most significant inputs to the lake are
the two main tributaries, Onondaga Creek and Nine Mile Creek, and the Syracuse
Metropolitan Sewage Treatment Plant (METRO) (Effler, 1996). Harbor Brook. Ley
Creek, Bloody Brook and Saw Mill Creek are four other tributaries with Tributary 5a
and the East Flume contributing minor hydrologic inputs to the lake. The lake
watershed can be sub-divided into six natural sub-basins: Nine Mile Creek, Harbor
Brook, Onondaga Creek, Ley Creek, Bloody Brook and Saw Mill Creek (OCDDS,
2001). Figure 1 presents these six natural sub-basins, wh;ch werg used to deﬁne the

i o

extent of the Onondaga Lake watershed and thus, the study area for this project. The




land cover in the watershed is diverse and consists of significant areas of both urban

and rural cover types. Figure 2 illustrates the land cover of Onondaga County,

Pollution Problems

Like many other urban lakes, Onondaga Lake is extremely polluted. Water quality
degradation, contaminated lake sediments and contaminated soils in surrounding
areas, are due to over a century of domestic and industrial waste inputs to the lake
(Effler, 1993). These inputs consist of past and current, point and NPS pollution. The
point sources have well-defined discharge points and many discharge to the
tributaries. These types of discharges are commonly referred to as “end-of-pipe”
discharges. NPS pollution is more diffuse in nature and is associated with ground
water movement and runoff events. Pollutants can infiltrate into the soils and pollute
the ground water or be transported via runoff directly into the lake tributaries, thus
contaminating surface waters. The most significant portion of NPS pollution is

transported to the lake tributaries during and following storm events via surface

runoff,

NPS pollution is the primary threat to water quality in New York State and statewide
assessments have shown that this type of pollution causes the majority of the current

water quality problems in the state (NYSDEC, 1995). Point sources are now less

important because they have been identified and are being addregsed through the

"
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Figure 1: The Onondaga Lake Watershed. This illustration shows the hydrography of Onondaga County generated from NYS
DOT data. The six natural tributaries to Onondaga Lake are highlighted in blue. In addition, the lake watershed’s six natural
sub-basins, digitized by the City of Syracuse, are shown. (NYSDOT, 1999) (Monostory, 2001).
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Figure 2: Onondaga County Land Cover. This illustration shows the 25 m x 25 m grid of the Onondaga County land cover
data set generated from the National Land Cover Data (USGS, 1997).
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State Pollution Discharge Elimination System (SPDES) program. These point
sources include contributions from combined sewer overflows, commercial plants,
industrial facilities, hazardous waste sites and municipal wastewater treatment plants.
However, to ultimately improve the water quality of New York’s waters, including
Onondaga Lake, it is now becoming extremely important that NPS pollution be

addressed.

The New York State Department of Environmental Conservation (NYSDEC) has
identified over 40 different sources of NPS pollution, most of which are directly
related to land use and land cover type (NYSDEC, 1995). Some of these sources
include agricultural, silvicultural or construction activities, diffuse urban runoff,
resource extraction and exploration, development of underground plumes originating
from land disposal, hydrologic and habitat modification and other sources such as
atmospheric deposition. Regardless of the land cover type and/or use, all areas

contribute, whether significantly or not, to NPS pollution.

Non-point Source Pollution Indicators

Typically, water quality degradation due to NPS pollution is caused by high
concentrations of nutrients and sediment in the water. For the purposes of this
project, the water quality parameters explored have been limited to three strong
indicators of NPS pollution Two of these paramgtérs méﬁghﬁcd nutrients, TKN

and TP, and the third is a physical parameter, TSS.

7
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Nitrogen exists in the environment in many forms and changes forms as it moves
through the nitrogen cycle. The parameter TKN represents the combination of
organic nitrogen, which is highly bio-available to plants, and ammonia, which is toxic
in high concentrations. Nitrogen is very water-soluble and is transported through
groundwater and in surface runoff to the surface waters. The parameter TP represents

the total phosphorous in the system. Phosphorous is much less water-soluble than

nitrogen and is primarily transported to surface waters via surface runoff. This is due
to the tendency of phosphorous to adhere to particulate matter that is physically
' carried away by surface runoff. TSS represents this particulate matter, providing
surfaces for the cycling of many nutrients. In addition to carrying nutrients to surface
waters, TSS also impacts the clarity of receiving waters, which in turn impacts

aquatic plant life and optical aesthetics.

High levels of nitrogen, phosphorous and suspended solids in surface waters cause a
phenomenon referred to as eutrophication. In the process of eutrophication, the
nutrients promote the growth of algae and plant life. When the plants die they
decompose causing higher levels of oxygen demand. When the dissolved oxygen in
the water becomes too low, fish and other aquatic animals die. Death of aquatic life
adds to the material that is decomposing and thus, advances the eutrophication
process, further depleting the dissolved oxygef; ;%“Ih aglﬁdyﬁn, high concentrations of

nutrients in surface drinking water sources can cause human health problems and
8
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reach toxic levels. Suspended solids are also an important component of water
quality because they transport adsorbed toxic substances, limit light availability for
photosynthesis, and are deposited at the mouth of the tributaries in the lake causing

areas of higher contamination in the lake bottom sediments.

Hydrodynamics of Non-point Source Pollution

NPS pollution is transported to surface water from the contributing watershed through
the movement of ground water and runoff. The transport of NPS pollution via ground
water movement takes much longer to reach receiving waters than does transport by
way of runoff. In addition, the amount of NPS pollution contributed by groundwater
15 typically relatively small compared to the contribution due to runoff Therefore,
the majority of NPS pollution is transported to surface waters during and following
precipitations events, such as rainstorms, and duri ng spring thaws when the most
runoff occurs. The more intense the precipitation event, the more runoff and the more

NPS pollution transported to the surface waters.

The quantity and rate of runoff from the surrounding watershed to the receiving
waters is also dependent upon watershed characteristics such as land cover type, soil
type, stream proximity and slope. Virtually all of the precipitation from storm events
and water from thawing ice and snow will runoff steep terrain, especially if the soils

have low infiltration rates. Land cover type alsg affects the rate of infiltration and
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runoff, or the lack thereof. Finally, the closer in proximity to the surface water the

more likely runoff is to contribute NPS pollution in the receiving surface water.

Geographic Information Systems and Non-point Source Pollution

According to the AGI GIS Dictionary, GIS is a " computer system for capturing,
storing, checking, integrating, manipulating, analyzing and displaying data related to
positions on the Earth's surface” 'AGI, 1996). A GIS differs from other forms of
nformation systems because it deals with spatial information and not just information
contained in databases and spreadsheets. Different databases for the same geographic
area can be combined, analyzed and the resuits of the analyses can be mapped and

illustrated graphically.

The strongest factors influencing the movement of groundwater and runoff are
watershed characteristics such as land cover type, soil type, stream proximity and
slope. These characteristics are geographic in nature and have associated
information Information concerning hydrologic characteristics of soils can be
associated with soil types. Information regarding runoff potential of an area can be
associated with the land cover type and so on. Thus, a GIS lends itself to the analysis
of those watershed characteristics that influence NPS pollutant loadings. Typically,
GIS data are stored in more than one data set, in order to overcome the technical

problems caused by large memory and storagg Fequmensgnts In addition, it is easier
o

to work with complex spatial problems one layer at a time. The data can be revised
10




and maintained by updating one data set when needed rather then to update the entire
information system. The ability to work with layers is a fundamental aspect of GIS

and is commonly referred to as data integration.

Geographic data may be represented in GIS in one (or both) of two formats: vector or
raster. Data in vector format uses points, lines and polygons to represent geographic
features. Raster data sets are composed of grid cells known as pixels. Each data
format has particular strengths and weaknesses, and the type of format used is
determined by the nature of the work being undertaken and the data available.
Regardless of the format, GIS data contain information concerning location of
features and attributes associated with the features, These attributes are associated
characteristics or properties that are usually kept in tables, containing information
such as land cover type, soil association, slope and aspect. Thus, a GIS allows for

spatial queries, as well as, traditional data base analyses.

11




Chapter 111
Methods and Materials

Todel Inputs

The largest portion of the work to create this model involved the acquisition and
preparation of data. To assess diffuse NPS pollution a GIS consisting of ESRI
Arclnfo, ArcEdit, ArcGrid and ArcView software, as well as various vector and raster
data sets were used to develop a NPS pollution model. Figure 3 is a graphical
representation detailing the steps taken to prepare the GIS data for this model. The
necessary IS data for this study included:

* Layer 1: Land Cover Type (raster — grid data)

* Layer2: Soil Associations (vector - polygon)

* Layer3: Digital Elevation Mode] (raster — grid)

* Layerd: H ydrography (vector — line)

* Layer5: Watersheds (veetor — polygon)

Layer 6: Water Monitoring Sites (vector point)

Generally a coordinate system is used to reference the location of spatial information
and multiple data sets must all have 4 common coordinate system. The most common
coordinate systems used are latitude and longitude, or grid coordinate systems such as
the Universal Transverse Mercatar (UTM) system. For this study, the UTM
coordinate system was chosen and the reference datum was the North American
Datum of 1927 (NAD27). To assist in the ease of‘aual}rsig all vector data sets were

converted to a common UTM/NAD?27 grid format. This allowed for the processing

12
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and integration of all data sets simultancously. The data sets that needed conversion
to grid format were the soil assoclations, hydrography, watersheds and water
momtoring sites. The land cover data set provided by the State University of New
York - College of Environmental Science and Forestry (SUNY-ESF) Mapping
Science Laboratory (MSL) was in UTM/NAD27 grid format, and the slope
calculations generated from the di gital elevation model corresponded to the land

cover grid.

In addition to the GIS data, samnple data, [Tow data and precipitation data were needed
for calculation and comparison purposes. The following discussion provides the

specific details concerning the acquisition and preparation for all required data.

Soil Associations

The first data acquired for this project was the soil association map for the Onondaga
Lake watershed. “Such a map is a useful general guide in managing a watershed.,.”
(USDA, 1977) and is appropriate for use with a GIS and watershed analysis. The
source map, the General Soil Map of Onondaga County, was provided in the
Onondaga County soil survey produced by United States Department of Agriculture
(USDA) and Soil Conservation Service (USDA, 1977). A soil association data set
previously digitized for the Onondaga Creek watershed was available at the SUNY-
ESF MSL. However, the rest of the Onondaga Lake f;%faturshe:ﬁ.had not been

completed. The original map used to di gitize the Onondaga Creek watershed was not
14




Ui |

L b s ke

available, so a duplicate map was obtained and used to digitize the remainder of the
county. The Onondaga Nation occupies a significant portion of the watershed.
Unfortunately, there is no soil data available for the area occupied by the Onondaga
Nation. Therefore, the boundaries of the Onondaga Nation territory were digitized,
but no soil association was directly assigned to the territory. Although this project
needed only data within the Onondaga Iake watershed boundaries, it was felt
worthwhile to digitize the County in its entirety, makin g it available for use with the

other County GIS data sets and additional research.

Three Are Macro Language (AML) programs were written to expedite the process of

digitizing the soil data, Two of these programs ensured that the parameters used in
the startup of ArcInfo and ArcEdit were consistent each time and aided in the
reduction of time spent on the process. The third AML program was used to

automate some of the required editing in ArcEdit, Appendix A contains the three

AML programs used in ArcInfo and ArcEdit.

Attempts to reduce error as much as possible were made. However, throughout the
digitizing process the dimensions of the ori ginal map varied slightly, These
Vvariations were due to temperature changes, as well as changes in humidi ty and thus
the water content in the paper. In addition, the new lines digitized were adjusted
slightly to match the previously di gitized data at the border her-.v:hév}:.en the older,

existing data coverage and the new data coverage created.

15




Once the remaining areas of the county were digitized, labeled with the
corresponding soil association numbers, checked for errors and edited, this coverage
was joined with the existing coverage of the Onondaga Creek watershed to create a
soil association data coverage for the entire county. The file was then plotted and
compared to the original map on a light table to check the quality of digitization and
the correctness of the soil association labels. When overlaid onto the original map, no
light could be seen between the ori ginal map boundaries and the digitized map
boundaries. It can thus be concluded that the boundaries were only off the equivalent
of a line width (1/60 in) on the ground, which is approximately 26.5 m. This was
considered a minor error because the magnitude of error was just above one pixel of
the 25 m x 25 m grid data. The error was also considered acceptable since the
delineation of soils is not an exact science. Each soil tends to merge gradually with
another. Therefore the soil boundaries can lie anywhere within the gradual change
between soils. Finally, the boundary adjustments were random and any errors
mtroduced would tend to balance out over the entire watershed canceling the overall
effects of the individual errors. The county boundary of the Onondaga County Soil
Association data set was used as the boundary for all remaining data sets to be
processed. Figure 4 illustrates the digitized soil association map of Onondaga County
and Appendix C contains the metadata for the soil association data set.

&

b

16




Figure 4: Soil Associations of Onondaga County. This illustration shows the data set that was digitized at the State University
of New York — College of Environmental Science and Forestry (SUNY-ESF) Mapping Science Laboratory (MSL), from the
36” x 46”, 1:62,500 scale, generalized soil map included in the Onondaga County Soil Survey (USDA, 1977).
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Hvdrologic Soil Groups

Each soil association consists of a combination of more specific soils with similar
physical characteristics. Similarly, hydrologic scils groups (HSGs) are assigned to
soils based on various soil properties related to water absorption and runoff.
According to the National Soil Survey Handbook a “Hydrologic group is a group of
soils having similar runoff potential under similar storm and cover conditions. Sail
properties that influence runoff potential are those that influence the minimum rate of
infiltration for a bare soil after prolonged wetting and when not frozen. These
properties are (1) depth to seasonally high water table, (2) intake rate and
permeability after prolonged wetting, and (3) depth to a very slow permeable layer.
The influence of ground cover is treated independently” (USDA, 2001). Since the
associations consisted of soils with common physical properties, assignment of HSGs
was reasonable way to categorize the physical properties of the soils that influence

runoff, and thus the transport of the NPS pollutants.

The New York State division of the National Resource Conservation Service (NRCS)
provided a list of the individual soil series and their respective HSGs for the entire
state of New York (NRCS, 2000). This list was then reduced to those soil series
contained within Onondaga County. Since the soil associations are generalized and
contain from one to three of the individual soil types, a determination of the
assignment of HSGs to these associations was necessary. Table 1 lists and describes

it

the four HSGs.
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Table 1: Runoff Potential and Physical Characteristics of Hydrologic Soil G
(HSGs). (Schwab, et al., 1981)

Soil Group |Description

A Lowest Runoff Potential. Inlcudes deep sands with very littie silt
and clay, also deep, rapidly permeable loess.

Moderately Low Runcff Potential. Mostly sandy soils less deep
8 than A, and loess less deep or less aggregated than A, but the
aroup as a whole has above-average infiltration after thorocugh
wetting.

Moderately High Runoff Potential, Comprises shallow soils and
c soils containing considerable clay and colloids, though less than
those of group D. The group has below-average infiliration after
presaturation.

Highest Runoff Potential. Includes maostly clays of high swelling

" o percent, but the group alse includes some shallow soils with nearly i
impermeable subhorizons near the surface.

: Group A soils have a low runoff potential because they typically have high

infiltration rates and are deep, well drained sands and gravels. Group B soils

more moderate infiltration and drainage rate and are moderately deep. The texture of
these soils varies from fine to moderately coarse grains. Group C soils typically have -
a slow infiltration rate and may be composed of fine-grained material or have a
confining layer that impedes downward flow of the water. Finally, Group D soils
have the highest runoff potential. These soils typically consist of clayey materials

and have very slow infiltration rates. Group D soils may also have high swel

potential and/or permanently high water tables.

e TR = O A AR R T el T BT

There are also three dual groups A/D, B/D and C f'J:."_J.f"' 'The-ﬁfgr letter applies te

drained condition (if possible or feasible) and the second to the undrained condition
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(USDA, 2001). Only soils that are rated D in their natural condition are assigned to
dual groups. Since this model was developed using sample data that was secured
during storm events, it was assumed that all soils have been thoroughly wetted by the
time sampling had begun and thus the groups with dual assignments were classified
as Group D soils. In addition, the Onondaga Indian reservation on the soil map was
assumed to be soil Group B because the soil types bordering the reservation are

predominantly Group B.

The percentage of each individual soil type in the soil association is included in the
Onondaga County Soil Survey and a weighted estimate was calculated using
Microsoft Excel to determine the respective HSG for each association. The numbers
1-4 were assigned to soil types with corresponding to HSGs A-D, respectively. The
number for each soil type was then multiplied by the percentage of that soil type in
the soil association. The weighted soil numbers were then summed and divided by
the overall percentage of the soil types included in the soil association (sometimes
less than 100% if a minor soil is not included in the association) and then rounded to
the nearest intezer. These integers ranged from 1-4 and were assigned a HSG A-D,
respectively. Appendix B contains the data provided by NRCS, the calculations done
to determine HSGs for the soil associations and the resulting HSG assigned to each
association. The data was exported in database file format from Excel, imported into

Feh
ArcView and then joined to the attribute table of ,mﬁ'mil*asﬁ:ciation data set.
e
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Precipitation Data

Precipitation input to the model was the 1999 precipitation data from Syracuse’s
Hancock Field, for each of the storms sampled (NOAA, 1999). Although 1999 was a
relatively dry vear, it was possible to secure all the necessary storm event sample

data, flow records and precipitation data needed to develop and assess the model.

Appendix G contains the detailed precipitation data,

Data Integration

One technique used to combine raster data sets is to use digit placeholders to encode
attribute information from a number of data sets and generate a final coverage that
contains all the combined information. For ¢xample 13 land cover types could be
coded using the 1s and 10s placeholders such that the user knows what the 13 land
cover types are. Thus, the cell values in the data set could be 01, 02,03, ...,11, 12,
13 for encoding purposes, Another data set may use only the 100s placeholder. Both
data sets could then be added together to form one data set that contains the
information from hoth coverages. This technique was used ta encode all the
attributes taken into consideration for this project as described in the paragraphs that
follow. The ArcView and ArcGrid software limited the number and size of the
available digits to 999,999, In other words. the cncoding of attribute information had

lo be kept in numerical values under 1,000,000 and only place holders up to the

100,000s place could be used. - ' ,;.4
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Land cover type

The land cover type data set already contained a two-digit numerical value for each
type. Therefore, the 1s and 10s placcholders were used to encode land cover. Figure

: 2 shows the 13 land cover types encoded with the default values used in the NLCD

i land cover classification system shown in Table 4.

e Table 4: Onondaga County Land Cover Type Classifications. These land cover type

classifications were generated from the NLCD land cover classification system
(USGS, 1997).

Value Land Cover Type
|'i‘_. 11 Open Water
B 21 Low Intensity Residential
B 22 |High Intensity Residential
23 Comm/Industrial/ Transport
i3 3z Cluarries

i 41 Deciduous Forest

s 42 Evergreen Forest

o 43 Mixed Forest

i ) a1 Pasture/Hay

82 Row Crops

= B5 Urban/Recreational Grasses
5 91 Woody Wetlands

- Hydrologic Soil Groups

= The 100s digit was designated to the four hydrologic soil groups, The hydrologic soil

i groups were defined in the raster data set of so1l associations as 1 — 4 representing
L‘ _ hydrologic soil groups A — D respectively. This data set was reclassified such that
cell values of 100, 200, 300 and 400 corresponded to A, B, C and I) respectively.
[ g : - ‘1_,

Pt
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Curve Numbers 154

The curve number is an index developed by the Soil Conservation Service ( SCS) to
numerically represent the potential for storm water runoff within a drainage area. The
turve number is estimated for an area based on the combination of land use or cover
type, HSG and soil antecedent moisture condition (AMC) (Warren, 1977). All three
Factors affect the amount of runoff from a particular area and thus affect the curve
umber assigned to the area. The land cover types and HSGs are contained in the : 1

data sets for the lake watershed but a determination of the AMC had to be done, o5 1

There are three AMCs for soil- Condition I is the dry soil condition, Condition II

reépresents the average soil condition, and Condition [II represents a saturated soil

condition due to heavy rainfall (Halley et al., 2001). 1999 was a dry year, but there
was rainfall prior to the sampling events and thus, the soils were neither dry nor *

saturated. Therefore, the assumption of AMC Conditien [T was considered

appropriate. Table 5 indicates the curve numbers used by Nagaraja Rao Harshadeep

in his thesis, “Geo graphic Information Systems as a Tool for H vdrologic Modeling:

Application to the Onondaga Creek Watershed” (Harshadeep, 1990). The curve

numbers used by Harshadeep were based on a variety of sources and AMC Condition

II was assumed. In addition, the curve numbers used by Harshadeep were generated

specifically for the local area. Unfortunately, the land cover ciassifir;alimlﬁ,dii'fured
A

between Harshadeep’s project and the NLCD classifications usi;i'fin this model, Asa

- result, the curve numbers used by Harshadeep were adapled to correspond with the
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Table 6: Curve Numbers for the NLCD Land Cover Tvpe Classification System.
This table summarizes the Harshadeep land cover tvpe classifications and
corresponding NLCD classifications with the associated curve numbers,

NLCD Hershadeep Hydrologic Soil Group
Land Cover Type Land Cover Type A B C D
Open Water VW ater 99 k] 93 99
Low Intensity Residential Low Intensity Residential 81 68 79 g4
High Intensity Residential High Intensity Residential 77 85 g0 82
Comm/{industrial/ Transport Highly Developed 89 o2 94 95
Quarries Barren 77 86 91 84
Deciduous Farest Faorest 23 35 70 i
i Evergreen Forest Faorest 25 55 70 77
- Mixed Foresl Forest 25 55 70 77
Pasture/Hay Agriculture 67 78 85 88
Row Crops Agriculture G7 T8 B5 89
Urban/Recreational Grasses |Lawn/(Trees 28 51 T4 80
. Woody Wetlands Transition Vegetation o5 79 B8 8%
| Emergent Herb, Wetlands Transition Vegetation 58 79 86 89

There were a total of 52 possible land cover type — hydrologic so1l group

combinations based on the land cover type and soil data sets for the lake watershed.
Therefore, only two digit placeholders were needed to preserve the attributes for both
hydrologic soil group and land cover type. This was done by first adding the cell
values from the gnds for land cover type (see Table 7) and hydrologic soils group

(100, 200, 300 and 400) together. The result was a grid file in which 52 combinations

were generated. Each of these 52 unique combinations was then reclassified from 1 -

52 such that only two digit placeholders were used. Table 7 shows the original grid

i

K E

l 4 cell values resulting from the addition of the land cover type data and the HSG data,
i‘

K as well as, the reclassification into categories 1 — 52, Table 8 shows the associated
s curve numbers based on the land cover type - hvdrologic soil group combination.
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Slope

The percent slope ongially ranged from 0% o 197% but was reclassified into 65
ranges, based on 3% increments to reduce the amount of data storage and processing
requirements. With the 1s and 10s placeholders dedicated to soil and land cover type
(1-32), the 100s and 1,000s placeholders were dedicated to the 63 ranges for percent
slope. These ranges were reclassified from | - 65 such that the lowest range 0-3%
had a value of 100, the range 3 — 6% had a value of 200 and so on to the highest slope
range in the data set of 195-197%, which had a value of 6500. Thus, the slope
coverage had grid cell values ranging from 100 - 6500,

Table 7: Grid Cell Values for Land Cover Type — HSG Combinations. The original

grid cell values (0ld) used three digits to retain combination information. However,
only two digits were needed for the 52 combinations. Therefore, the original cell

-

values were converted into (new) categories, 1 — 52.

Hydrologic Soil Group

Land Cover Type A B C D

old | new | old | new | old | new | old | new
Open Waler i11 1 211 14 311 27 | 411 | 449
Low Intensity Residential 121 2 221 15 321 28 421 41
High intensily Residential 122 2 222 e 322 | Ea0| 422 [ 42
Comm/Industrial Transportation | 123 4 223 17 323 30 | 423 | 43
Cuarrias 132 5 232 18 332 o 432 | 44
Cacidupus Forest 141 B 241 19 341 32 441 A5
Evergreen Forest 142 7 242 |20 342 J0330 442 | 4B
Mixed Forest 143 8 243 | 2 343 3400 443 |47
Fasture/Hay 181 g 281 22 | 3 35 481 48
Row Crops 182 10| 282 | 23 | 382 | 36 | 482 | 49
Urban/Recreational Grass 185 11 285 | 24 385 |57 485 50
Woody Wetlands 101 12 | 291 25 | 391 38 | 49 51
Emergent Herb. Wellands 192 13 292 26 392 39 492 52




8
E

Table & Curve Numbers and Associated Grid Cell Values. Curve numbers (CN)
associated with the 52 combinations (combo) of land cover type and hydrologic soil

group (HSG).

HSG - A H3G-B HSG-C HSG-D
Land Cover Type CN lcombo| CN [combo| CN |[combo| CN |combo
Open Water o9 1 g9 14 99 27 956 41
Low Intensity Residential EA 2 68 5] 74 28 84 41
High Intensity Residential 77 3 85 16 18] 28 52 42
Comm/Industrial/Transportation | 88 4 82 i 94 o g5 43
Cluarries 77 5 86 18 91 31 94 44
Deciduous Forest 25 & 55 19 70 41 [ 45
Evergreen Forest 25 7 55 20 70 33 77 46
Mixed Forest 25 8 55 21 70 a4 il 47
Pasture/Hay 67 9 78 22 85 35 838 48
Row Crops &7 10 78 23 85 26 B9 48
Urban/Recreational Grass 38 i1 61 24 74 3T a8 50
Woody Wetlands 68 12 79 25 86 38 89 51
Emergent Herb. Wellands 68 1! 79 26 BE 39 89 52

Distance

The final set of data needed was information concerning distance to the tributaries.

Using the ArcView Spatial Analyst Extension, and the hydrography and sub-basin

raster data sets, a distance grid was generated for each sub-basin. The distance grid

contained a value for each cell within each natural sub-basin indicating the distance

that cell was from the stream. The watershed with the furthest sub-basin boundary

was the division of Onondaga Creek designated OC4 (see Figure 7). The most

remote point in this division was 12 km from the creck. With the knowledge that the

greatest watershed distance ranged from 0 to 12 km, and using a .2 km increment to

classify ranges of distance. the distance data set was reclassified into 60 categorics.

Using the 10,000s and 100,000s placcholders the distance from 1m - .2 km was coded
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as 10,000. The next range of distance from .2 km - .4 km was coded 20,000 and so

on up to 600,000 which was 11.8 km — 12 km from the stream.

Combining Watershed Attributes

All data sets were added together for each sub-basin. The coverage containing the 52
combinations of land cover type — hydrologic soil groups was first added to the
coverage containing the encoded slope information. This result was then added to the
coverage containing the encoded distance information. Figure & shows an example of

one possible final combination and the decoding of the cell value. The ArcView

Figure 8 Watershed Attributes Encoded in Grid Cell Values. This figure shows an
cxample of a final gnd cell value based on the combination of watershed attributes,
Decoding the information is also illustrated.

Encoded Information:

combination of land cover type
& hydrologic soil group: =5
slope: 100 — 6,500
distance: 10,000 — 600,000

Grid Cell Value = 242,246

""-\.\_\_\_‘-‘_‘- -‘-‘-L

Decoded Information:

240,000 = distance from stream: 4.6 km—4.8 km
2,200 = percent slope: 64 — 67%
46 = land cover type: evergreen forest
hvdrologic soil group: D
curve number: 7T
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NLCD land cover classification scheme used in this project. Table 6 contains the
curve numbers associated with the NLCD classifications, based upon Harshadeep’s

curve numbers.

“Water”, “low intensity residential” and “high intensity residential” land cover
categories were the only common categories between the two classification schemes.
Where common categories existed Harshadeep’s curve numbers were used for the
NLCD curve numbers. “Medium intensity residential” did not have a similar
classification under the NLCD scheme and was not used. Finally, the remaining
NLCD classifications were associated with the most similar Harshadeep
classifications. For example, curve numbers corresponding to “forest™ under
Harshadeep’s classification scheme were used for all forest types in the NLCD
classification scheme.

Table 5: Curve Numbers for the Land Cover Classification System used by N. R.
Harshadeep. These curve numbers, based on HSGs and land cover types, were used
in N. R. Harshadeep’s thesis, “Geographic Information Systems as a Tool for

Hydrologic Modeling: Application to the Onondaga Creek Watershed” (Harshadeep,
1990).

Hydrologic Soil Grou
Land Cover Type A B C D
Highly Developed 89 92 94 95
High Intensity Residential 77 85 90 92
Medium Intensity Residential 57 72 81 86
Low Intensity Residential 51 68 79 84
Water 99 - 99 99 99
Agriculture . _67 78 85 89
Lawn/Trees 39 61 i 80
Transition Vegetation 68 g - g 89
Forest ’ 25 - §5° 70 77
Barren 77 86 91 94
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software did not have the capability to do the final arithmetic operation in which the

last data set was added to all the previously added data sets. Therefore, ArcGrid was
: used. There were a total of 15,123 unique combinations of land cover, soil type.

slope and distance generated in the final data set.

Model Output

The algorithm used for this model was empirical, with the individual terms of the
algorithm being based upon observed characteristics of the watershed. Each of the
six natural sub-basins was isolated, Every unique combination in the sub-basin was
generated with the corresponding number of grid cells containing that unique
combination. This information was then imported to Microsoft Excel to perform the
calculations. Many of the tables used to determine the unique combinations of
watershed parameters in the GIS originated from Excel files and it was therefore,

quite easy to perform calculations using table look up commands. The results from

these calculations were in-stream concentrations of TKN, TP and TSS due to NPS
pollutant loadings from the surrounding watershed. These in-stream concentrations
were caleulated for locations corresponding to the sample site locations and at the

mouths of the six natural tributaries.

e —— e — A —————————
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Basic Model Algorithm

The Model Algorithm was designed with the assistance of Dr. James Hassett of

SUNY — ESF and i1s as follows:

NPS Indicator Concentration = A * Indicator EMC * R * § * D * S,

The NPS indicator concentration, the model output, is the in-stream concentration of
either TKN, TP or TSS due to the NPS loadings from the surrounding watershed

during a storm event. This model is empirical, with each of the algorithm parameters
being based on the numerical value of the observed properties of the watershed. The

Algorithm input parameters are described below.

Alesorithm Parameter A: Based upon percent area

The percent area of the sub-basin or sub-basin division was determined for each
unique combination of land cover, soil type, slope and distance. The possible range
of values for the percent area was from 0 to 100. The percent area was converted to
decimal format, parameter A, for caleulation purposes. Figure 9 illustrates the

determination of parameter A.

Non-point Source Pollution Indicator EMCs
Pollutant concentrations in runoff are directly related to land cover type. The Terrene

Institute in cooperation with the USEPA developed national average concentrations
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(mg/1). based upon land cover type, of various pollutants in surface runoff { Terrene
r

Institute, 1996). These national average concentrations are referred to as Estimated

Figure 9: Decoding the Value of Parameter A from Encoded Grid Cell V alues. This
is an example illustrating the determination of parameter A by decoding information

from encoded grid cell values.

Decoded Information:

240,000 = distance from stream:
2,200 = percenl slope:

46 = land cover type:
hydrologic soil group:

curve number:

The encoded grid cell value of 242,246, representing one umque combination
of watershed characteristics, is assigned to 200 grid cells in a sub-basin.
There are a total of 1000 grid cells in the sub-basin.

46km—4.8 km

64 - 67%
evergreen forest
D

77

Therefore. 20% (A = 0.2) of the sub basin is covered by evergreen forest

& soil of hydrologic soil group D
& has a slope of 64 — 67%
& 15 4.6 — 4.8 km from the stream

Mean Concentrations (EMCs). EMCs provide base line concentrations and ar¢

estimated for the one-vear return frequency storm event. [n other words, the EMCs
are the estimated average concentrations that would runoff the land cover types due to
a stonmn that occurs, on the average, Once a yedr.

higher in intensity or of longer duration, would cause higher runoff concentrations. A

A storm event that is more rare,
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storm that was less severe but occurred more frequently would cause lower runoff

concentrations. The EMCs developed by the USEPA were adapted to correspond
with the NLCD land cover classification scheme used in this project. Table 9 shows

Table 9: USEPA Estimated Mean Concentrations. This table summarizes the United
States Environmental Protection Agency land cover classification scheme and
Estimated Mean Concentrations (USEPA EMCs) of total phosphorous (TP), total
kjeldahl nitrogen (TKN) and total suspended solids (TSS) associated with those
classifications (Terrene Institute, 1996).

USEFPA EMCs (mg/l}
Land Cover Type TP THN [TSS
Forest/Rural Open 0.11 0.94 51
Urban 0.11 0.94 51
Agriculture/Pasture 0.37 1.92 145
Low Density Residential 052 | 332 70
Mediurn Density Residential 0.52 | 3.32 70
High Density Residential 024 | 117 a7
Commercial 0.23 1.74 [l
Industrial 032 | 208 149
Highways 0.43 1.82 141
Water/Wetlands g.08 | 0.78 5]

Table 10: NLCD Estimated Mean Concentrations. USEPA land cover type
classifications and corresponding NLCD classifications and associated estimated
mean concentrations (NLCD EMCs).

USEPA Classification NLCD Classification NLCD EMCs (mgll)
Land Cover Type Land Cover Type TP TKN |TSS
Water/Wetlands Open Water 0.08 0.79 B
Low Density Residential Low Intensity Residential 0.52 | 3.32 70
High Density Residential High Intensily Residential 0.24 1.47 a7
Ave, Commercial & Industrial  |Comm/industrial Transport 0325 | 1.91 113
Highway Quarries 043 | 1.82 141
Forest/Rural Open Deciducus Forest D41 0.94 51
Forest/Rural Open Evergreen Forest 0:.11 0.94 51
Forest/Rural Open Mixed Forest 0.11 0.94 51
Agriculture/Pasture Pasture/Hay 0.37 | 1.82 143
Agriculture/Pasture Row Crops 0.37 | 1.92 145
Urban Urban/Recreational Grasses 0.11 0.94 51
Water/Wetlands Woody Wetlands 0.08 | 0.79 B
WaterWetlands Emergent Herb. Wetlands 0.08 | 0.79 6
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the EMCs for TKN, TP and TS5, bascd upon the USEPA classification scheme.,

Table 10 shows EMCs associated with the NLCD land cover classifications based

upon the USEPA land cover classilications.

Algorithm Parameter R: Based upon curve number

The curve number, which estimates the percent runoff in an area, can be determined
based on the type of land cover and the hydrologic soil group as discussed earlier.
Thus, the curve number is determined after decoding the integrated data and
converted to a decimal value (representative of percent runoff) for use in the

calculations. Figure 10 illustrates how the value for the parameter R is determined.

Fieure 10: Decoding the Value of Parameter R from Encoded Grid Cell Values. This
is an example illustrating the determination of parameter R by decoding information
from encoded grid cell values.

The percent area of the sub-basin with the encoded value of 242,246 is:
A =020
Decoded Information

240,000 = distance from stream: 46km - 4.8km

2,200 = percent slope: 64— 67%
46 = land cover type: evergreen forest
hydrologic soil group: D
curve number: 77

Thercfore, the estimated percent runofl ia this 20% of the sub-basin
is 77% (R =0.77).




—

Algorithm parameter S Based upon percent slope

As indicated previously a range of 3 percent was used to classify percent slope. ‘or
this term in the model algorithm, the higher percent slope of each 3 percent
classification range was converted to decimal form and used in the equation. By
doing so a minute contribution is always calculated for those areas with a slope from

0 3% Figure llustrates how the value for the parameter S is determined.

Figure 11: Decoding the Value of Parameter S from Encoded Grid Cell Values. This
is an example illustrating the determination of parameter S by decoding information
from encoded grid cell values.

The percent area of the sub basin with the encoded value of 242,246 is

A=0.20

Decoded Information

240,000 - distance from stream: 4.6 km-4.8 km
2,200 = percent slope: 64— 67%
46 = land cover type: evergreen forest
hydrologic soil group: D
curve number: 77

Therefore, the estimated percent slope for this area is 67% (S 0.67).
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Algorithm Parameter [ Based upon distance from stream

The distance information was categorized into 0.2 km (200 m) increments and
possible values range from 0 — 12 km. The D term in the model algorithm was
calculated as the inverse square of the highest distance in each range. Figure 12

illustrates how the value for the parameter D is determined.

Figure 12: Decoding the Value of Parameter D from Encoded Grid Cell Values. This
is an example illustrating the determination of parameter D by decoding information
from encoded grnid cell values.

The percent area of the sub basin with the encoded value of 242,246 is

A=0.20

Decoded Information

240,000 = distance from stream:; 4.6 km—4.8 km
2,200} = percent slope: 64 — 67%

46 = land cover type: evergreen forest
hvdrologic soil group: D
curve number: 77

Theretore, the value of term 1o account for distance from the stream 13
1/4.87 (D = 0.0434),
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Algonthm Parameter 51: Storm Index

The last term of the model algorithm was developed to account for the various storm
intensities during sampling events. Storms of low intensity will vield lower runoff
concentrations and storms of higher intensity will yield higher runoff concentrations
from the various land cover types. For use in the model algorithm, this term was
calculated as the ratio of the total precipitation of each of the three individual storms
to the total precipitation due to the average 2 year, 2 hour storm for this area. Since
the EMCs were average runoff concentrations due to a storm with an intensity that
occurs approximately once a year, the 2 year, 2 hour storm was chosen because the
return frequency is approximately 1.1 vears. There were three storm events for which
data had been collected under the AMP, and therelore, three indexes generated as

follows:

e 2 year/ 2 hour storm = tolal precipitation 1.33 inches

* Storm 1 = lotal precipitation 0.27 inches; SI=0.27/1.33; SI=0.203

» Storm 2 = total precipitation 0.42 inches; SI = 0.42/1.33; SI=0.316

total precipitation 0.96 inches; SI=0.96/1.33; SI=0.721

s Storm 3

Influence of Land Caver Tvpe on Model Results

The land cover tvpe classifications of the grid cells in the land cover data set directly

influence the value of three parameters in the model algorithm. The parameter A
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them will not affect the loading calculations. In addition, if the accuracy was 100%,

the land cover type was always correctly classified and did not change the loading
calculations. Table 11 highlights those land cover types for which confusion does
cause a change in the curve numbers and EMCs and thus, a change in mode]

calculations,

Table 11: User’s and Producers Accuracy ol Land Cover Type Classification. This
table presents the user’s and producer’s accuracy for the most commonly confused
land cover classifications. Those land cover types that cause changes in the model
calculations when confused, are highlighted. Those land cover types that are not
highlighted do not affect the model results when confused (USGS, 2000).

User's Producer's

Class Name Most commonly confused Accuracy |Accuracy

Open water 1.00 1.00
Low ink. residential High int. residential 0.83 099
High int. residential Commiindustrial/Transport (.61 062
Comm/industrialTransport |Low int. residential 1.00 040
Quarry/strip mine Commi|ndustrial/Transport 0:53 0.22
Deciduous forest Mixed forest 0.71 0.97
Evergreen forest Deciduous forest 0.94 0.40
Mixed forest Evergreen forast 0.71 0.54
Hay/pastura Row crops 0.48 0.62
Row crops Hay/pasture 077 0.54
Other grass Lowint. residential 1.00 0.55
Woody wetlands Evergreen forest O 0.25
Emergent wetland VWoody wetlands 0.71 0.65

To determine the impact on model caleulations due to the misclassification of land
cover type, three runs of the model were done. During the first run of the model all
classifications were assumed to be correct. The second and third runs were done

assuming that all instances of confusion were between the misclassified land cover
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tvpe and that land cover type with which it was most commonly confused. The

second run was based on the user’s accuracy and the third was based on the

producer’s accuracy.

The calculation to determine the concentration based upon the user’s and producer’s
accuracy used, but expanded upon, the basic model algorithm. The percent accuracy
indicates the percentage of area for which the land cover is classified correctly.
Therefore, 100 minus the percent accuracy indicates the percentage of area for which
the land cover is classified incorrectly. These values were converted to decimal form
for caleulation purposes. The original parameters were multiplied by the percent
classified correctly. The Indicator EMC and R parameters were then changed to
correspond to the land cover type most commonly confused and multiplied by the
percent classified incorrectly. The results were then added together to determine the
NPS Indicator Concentration. In addition the percent difference between Runs 1 and
2 and Runs 1 and 3 were calculated. Figure 13 illustrates the calculation of NPS
concentrations based on user’s accuracy. Additionally, the calculation of percent
difference between model results (assuming all classifications are correct) and those
calculations based on user’s accuracy are shown. Figure 14 illustrates the same for

producer’s accuracy.
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Figure 13: Calculation of model results based on user’s accuracy. The model was
originally run assuming all land cover classifications were correct, Run 1. The
second run of the model was done using user’s accuracy to calculate NPS in-streaim

concentrations.

Run 2 based on User’s Accuracy:
NPS Indicator Concentralion yeers =
[ (A * Indicator EMCriginal * Rorigina * 8 * D ® 8I) *
(User's Accuracy/100) | i3
[ (A * Indicator EMCeonused * Reonfused ™ 8 * D * SI) *
(1100 - User’s Accuracy}/100) ]

User's Percent Difference = (Run 2 Results — Run 1 Results)

Run 1 Results

Figure 14: Calculation of model results based on producer’s accuracy. The model
was originally run assuming all land cover classifications were correct, Run 1. The
third run of the model was done using producer’s accuracy to calculate NPS in-stream

concentrations.

Run 3 based on Producer’s Accuracy:
NPS Indicator Concentration praducer's =
[ (A * Indicator EMCoriginat * Roriginat ¥ & * D ® SI) *
(Producer’s Accuracy/100) ]
[ (4&:* Indicator EMCatuid * Besinsea TS T DI *
({100 — Producer’s Accuracy }/100) ]

Producer’s Percent Difference = (Run 3 Results — Run 1 Results)

Fun 1 Results
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Chapter V
Results

Data acquisition and preparation was done in conjunction with the development of a
model algorithm to generate results from the GIS model developed. Parameters for
the algorithm were determined based on model input from the various data sets
collected. The model results are estimates of in-stream concentrations for three

parameters TKN, TP and TSS at various points in the lake watershed.

The first run of the model was done under the assumption that all grid cells were
associated with the correct land cover type classification. Run 1 results are shown in
tables 12, 13 and 14, where they are compared to the OCDDS 1999 AMP sample data
from the same locations. For further comparison, the percent difference between the

model results and sample data was also determined as follows:

Percent Difference FWA = (Run 1 Results — Sample FWA)

Sample FWA

The concentration calculated by the model 1s the in-stream concentration at a point in
the stream, due to NPS loadings from the surrounding watershed. The in-stream
sample concentration, at the same location, i1s due to point source and NPS loadings,

as well as, any background loadings from ground water inflow and precipitation that
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is directly within the confines of the stream channel. These components cannot be

separated n the sample data.

Since the NPS component contributes only a portion of the in-stream loading it must
be less than the in-stream concentration. The model calculated a total of 72 in-stream
concentrations for three parameters, during three storm events, at eight sample
locations. Out of the 72 concentrations calculated, nine resulted in model
concentrations that were greater than the sample in-stream concentrations and seven
occurred during storm three. These nine spurious results produced positive percent

differences and are highlighted in tables 13 and 14.

The two erroneous results caleulated based on storm two were both for TSS on
COmondaga Creek. One of the invalid results was calculated at the Inner Harbor and
the other was at Spencer 5t. The remaining seven unreasonable results were
calculated based on storm three and different parameters were affected at different
locations. The calculation of TN and TSS at Hiawatha Blvd. on Harbor Brook was
erroncous as was the calculation of TP on Harbor Brook at Velasko. Both TP and
TSS calculations yielded illogical results on Onondaga Creek at both Dorwin Ave.

and Route 20.

If the assumption is made that the model is accurately calculating concentrations due

to NPS loadings then the model concentration can be assumed equal to the NPS
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Percent Difference = (Model Concentration — Sample Concentration)

Sample Concentration

Percent Difference = (Model NPS — (Sample NPS + Sample PS + Sample BG)

Sample NPS + Sample PS + Sample BG
Where:
Model NPS = model concentration
Sample NPS = portion of in-stream concentration due to NPS
Sample PS = portion of in-stream concentration due to point source

Sample BG = portion of in-stream concentration due to background

Percent Difference = (Sample NPS — (Sample NPS + Sample PS + Sample BG)

Sample NPS + Sample PS + Sample BG




Simplifying:

Percent Difference = — (Sample PS + Sample BG)

Sample NPS + Sample PS + Sample BG

Therefore, the percent difference according to the above equation is the percent of the
total in-stream concentration that i1s due to point source loadings and background
loadings. If this value is subtracted from 100 percent the result is that percent of the
total in-stream concentration that is due to NPS loadings. The results of these

calculations can be seen in Table 15,

The affect that land cover type classification had on model results was also explored.
The first run generated model results corresponding to drainage basins for sample
sites assuming correct classification of land cover types (Run 1). The model was then
run two more times with the second run being based on user’s accuracy (Run 2) and
the third run being based on producer’s accuracy (Run 3). In addition, the percent
difference between correct classification and misclassification based on user’s and
producer’s accuracy was calculated. Tables 16, 17 and 18 present the results of the

three model runs for storms 1, 2 and 3 respectively.

Finally, the model calculations to determine in-stream concentrations at the mouths of
the tributaries. entering Onondaga Lake, were done and these results are shown in

Table 19.
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Table 12: OCDDS Sample Data and Model Results, Storm 1, {mg/l}. This table summanzes the model results and OCDDS
1999 AMP sample data llow weighted average (FWA) in-stream concentrations at sample sites during storm 1.

Storm 1 - Storm Index 0.203 Contributing Maodel Sample Percent
Tributary & Location Sub-basins* Results FWA Difference
TKN
Harbor Braok - Hiawatha Blvd., HB2+HB3 0.228 0.313 -27.2
Harbor Brook - Velasko Road HE3 (.084 0.215 -56.3
Onondaga Creek - Inner Harbor QC2+0C3+0C4+00C5 0.156 0.503 -B9.0
Cnaondaga Creek - Spencer St QC3I+0C4+0CH 0.114 0.346 -B7 A
Onondaga Creek - Donwin Ave, QC4+005 (.067 0.244 -72.5
Onondaga Creek - Route 20 OCH 0.047 0.214 -78.0
Ley Creek - Park 31, LC2+LC3 0123 0.886 -86.1
Ley Creek - 7lh North SL LC3 0.042 0.680 -63.8
TP
Harbor Brook - Hiawatha Blvd. HB2+HB3 0.022 0.042 -47.6
Harbor Brook - Velasko Road HB3 0.015 0.019 211
Onondaga Creek - Inner Harbor OC2+0C3+0C4+0Ch 0.025 .042 -40.5
Cnondaga Creek - Spencer St CC3H0CA+0CE 0.018 0.040 -55.0
Onondaga Creek - Dorwin Ave, OC4+0Cs 0.010 0.017 -41.2
Cnondaga Creek - Route 20 CCh 0.007 0.014 -50.0
Ley Creek - Park St LC2+LC3 0.019 (.090 -75.9
Ley Creek - 7ih North St LC3 0.007 0.081 -91.4
T35
Harbor Brook - Hiawatha Blvd, HB2+HB3 10.053 12.608 -20.3
Harbor Brook - Velasko Road HE3 3.544 4 580 -28.5
Onondaga Creek - Inner Harbor OC2+0C3+0C4+0Ch 8.504 9.073 -6.3
Onondaga Creek - Spencer St OC3+00C4+00C5 6.223 17.808 -65.1
Onondaga Creek - Dorwin Ave, OC4+0C5 4.208 12.087 -65.2
Cnondaga Creek - Route 20 DCs 2.992 5.391 -44.5
Ley Creek - Park St LCZ2+LC3 B.366 25.584 -75.1
Ley Creek - 7th Morth St LC3 2187 35.128 -94 .3

*Sce Figure 7 for sub-basin identification.
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Table 13: OCDDS Sample Data and Model Results, Storm 2, (mg/1). This table summarizes the model results and OCDDS
1999 AMP saglple data flow wei ghted averaoe (F‘WA) in.ctream cannentratinne at cammnla citac Adnrina atamn 2

) " Model Sample Percent
) J Results FWA Difference
TKN
Harbor Brook - Hiawatha Blvd. HB2+HB3 0.355 0.821 -56.8
Harbor Brook - Velasko Road HB3 0.147 0.341 -56.9
Onondaga Creek - Inner Harbor 0OC2+0C3+0C4+0C5 0.242 2.150 -88.7
Onondaga Creek - Spencer St. 0OC3+0C4+0C5 0.177 0.573 -69.1
Onondaga Creek - Dorwin Ave. OC4+0C5 0.104 0.368 -71.7
Onondaga Creek - Route 20 0oC5 0.074 0.464 -84.1
Ley Creek - Park St. LC2+LC3 0.192 0.980 -80.4
Ley Creek - 7th North St. LC3 0.065 0.852 -92.4
TP
Harbor Brook - Hiawatha Bivd. HB2+HB3 0.034 0.143 -
Harbor Brook - Velasko Road HB3 0.023 0.045
Onondaga Creek - Inner Harbor 0OC2+0C3+0C4+0C5 0.039 0.154
Onondaga Creek - Spencer St. 0OC3+0C4+0C5 0.028 0.070
Onondaga Creek - Dorwin Ave. 0C4+0C5 0.016 0.029
Onondaga Creek - Route 20 0oC5 0.011 0.049
Ley Creek - Park St. LC2+LC3 0.030 0.142
Ley Creek - 7th North St. LC3 0.011 0.146
TSS
Harbor Brook - Hiawatha Bivd. HB2+HB3 15.649 50.186 -68.8
Harbor Brook - Velasko Road HB3 5.516 14.605 -62.2
Onondaga Creek - Inner Harbor OC2+0C3+0C4+0C5 13.238
Onondaga Creek - Spencer St. 0OC3+0C4+0C5 9.686
Onondaga Creek - Dorwin Ave. 0OC4+0C5h 6.551
Onondaga Creek - Route 20 OC5 4.658
Ley Creek - Park St. LC2+LC3 9.909
Ley Creek - 7th North St. LC3 3.404

*See Figure 7 tor sub-basin identification
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Table 14: OCDDS Sample Data and Model Results, Storm 3, (mg/1). This table summarizes the model results and OCDDS
1999 AMP sample data flow weighted average (FWA) in-stream concenirations al sample sites during storm 3.

Storm 3 - Storm Index 0.721 Contributing Model Sample Percent
Tributary & Location Sub-basins* Results FWA Difference
TKN
Harbor Brook - Hiawatha Blvd. HEZ+HB3 0.808 0.596 357
Harbor Brook - Velaska Road HB3 0.335 0.390 -14.1
Cnondaga Creek - Inner Harbor OC2+0C3+0C4+0C5 0.553 0.549 -41.7
Cnondaga Creek - Spencer St OC3+0C4+005 0.405 0.726 -4 .2
Onondaga Creek - Dorwin Ave. COC4+0C5 0.238 {(.307 -22.5
Onondaga Creek - Route 20 OCh 0.168 0,313 -46.3
Ley Creelk - Park St LC2+LC3 0,438 0.744 -41.1
Ley Creek - 7ih Norfh 51 LC3 0.149 0.731 -T9.6
TP
Harbor Brook - Higwalha Blvd. HB2+HBE3 0.079 0.148 -46.6
Harbor Brook - Velasko Road HE3 0.053 0.040 32.5
Onondaga Creek - Inner Harbor OC2+0C3+0CA+005 0.089 0.132 -32.6
Onondaga Creek - Spencer St QOC3+0C4+0Ch 0.083 0.130 -51.5
Onondaga Creek - Dorwin Ave, QOC4+00C5 0.036 0.027 33.3
Cnondaga Creek - Route 20 OCS 0.025 a.0241 19.0
Ley Creek - Park 5t LC2+LC3 0.068 0.197 -65.5
Ley Creek - Tth MNarth 5t. LC3 0,024 0.185 -87.0
I
Harbor Brook - Hiawatha Blvd, HB2+HB3 35.705 13.506 164.4
Harbor Brook - Velasko Road HE3 12,588 16,284 -22.8
Onondaga Creek - Inner Harbor OC2+0C3+0C4+0CH 30.204 33.762 -10.5
Onondaga Creek - Spencer 51, OC3+0C4+0CE 22101 88.431 -75.0
Onondaga Creek - Dorwin Ave. QOC4+00C5 14.964 9.807 52.6
Onondaga Creek - Roule 20 oCh 10.628 8.112 31.0
ey Creek - Park St LC2+LC3 22609 75.848 -70.2
Ley Creek - Tth Morih 3l LC3 7.767 72 986 -89.4

*See Figure 7 lor sub-basin identification.
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TKN Percent Difference
Storm 1 Storm 2 Storm 3
Harbor Brook
Hiawatha Blvd.  72.763 43.182
Velasko Road 43.824 43.012 85.807
Onondaga Creek
Inner Harbor  30.949 11.274 58.279
Spencer St.  32.935 30.958 55.749
Dorwin Ave.  27.416 28.297 77.391
Route 20 22.066 15.842 53.584
Ley Creek
Park St.  13.912 19.579 58.843
7th North St. 6.164 7.658 20.364
TP Percent Difference
Storm 1 Storm 2 Storm 3
Harbor Brook
Hiawatha Bivd.  52.707 24.097 53.124
Velasko Road ~ 78.554 51.630 ‘
Onondaga Creek
Inner Harbor  59.910 25.183 67.297
Spencer St.  44.680 39.744 48.859
Dorwin Ave. 59.340 54.149
. Route20 50.661 22532
Ley Creek
Park St. 21.128 20.845 34.283
7th North St. 8.404 7.243 13.011
TSS Percent Difference
Storm 1 Storm 2 Storm 3
Harbor Brook
Hiawatha Bivd. 79733 | 31.181 —
Velasko Road  71.442 37.768 77.217
Onondaga Creek
Inner Harbor  93.732
Spencer St.  34.943
Dorwin Ave. 34.816
Route 20 55.507
Ley Creek
Park St.  24.881
7th North St. 5.736




Table 16: Land Cover Type Classification Accuracy and Model Results, Storm 1. This table shows the model results
corresponding to drainage hasins for sample sites: Assuming Correct Classification of Land Cover Types (Run 1},
Classification based on User’s Accuracy (Run 2) and Classification based on Producer’s Accuracy (Run 3). In addition, the
percent difference between correct classification and misclassification based on user’s and producer’s accuracy is shown.

Starm 1 - Storm Index 0,203 Model Results (mail) Percent Difference
Run 1 Run2 Run 3
Carreclly User's Producer's User's FProducer's

Tributary & Location Contributing Sub-basins® Classified Accuracy | Accuracy | Accuracy | Accuracy |

THHN
Harbor Brook - Hiawatha Blvd. HBZ+HE3 0228 0227 0260 -0.435 14.035
Harbor Brook - Velaske Road HB3 0.094 0.090 0.006 -1.255 4.255
Onondaga Creek - Inner Harbar OC2+003+0C4+0CE 0,158 0.156 01 0,000 0,615
Onondaga Creek - Spencer St OCI+0CE+0CE 0.114 0114 0.120 0,004 5.263
Oneondaga Cresk - Donwin Ave, OC4+0Ch f.087 0067 0.067 0,000 00,000
Onondaga Craek - Route 20 oCs 0.047 0047 0.047 0.000 0,000
Ley Creek - Park Sl LC2+LC3 0123 0.122 0,155 0813 26.016
Ley Creek - Tih Morih St LC3 0.042 0042 0.049 0.000 16.667

TP
Harbor Brook - Hiawatha Bhed. HEZ+HB3 0022 0023 0.026 4,545 18.182
Harbar Brook - Velaskn Road HB3 0015 0.014 0.015 -6.667 0.000
Onandapa Creak - Inner Harbor OC2+0C3I+0C44005 0,025 0.025 0.027 £.000 B.000
Onaondaga Creek - Spencer 5L DCI+0C4+00S 0.018 0018 0.014 0000 5.556
Onondana Creek - Donvin Ave OC4+0C5 0010 0071 0.010 0000 0,000
Onondzga Creek - Route 20 OCcs 0007 0.007 n.ooy 0,000 0,060
Ley Creak - Park St LC2+LCA 0.019 0.5 0.024 2.000 26,316
Ley Creek - 7th North St LC3 0.o0v 0.007 0.008 (0.000 14, 266

155
Harbor Brook - Hiawatha Bhed. HB2+HBS 10.053 10,628 10.087 5.120 0.438
Harbar Brook - Velasko Road HB3 3.544 3.740 3.863 5.530 0.536
Cnondaga Creak - Inner Harbor OC2+0CA+004+0C5 a.504 8696 8.095 2.258 -4.610
Onondaga Creek - Spencer 3L OC3+0C4+0CE 5,223 G348 6118 2025 -1.687
Onandaga Creek - Donwin Ave. QC4+00C5 4,208 4,212 4197 0095 -0,261
Onondaga Creek - Route 20 OChH 29082 2985 2891 0100 -0,033
Ley Cresk - Park St LC2+LC3 6.366 G477 5,766 1.744 0,425
Ley Creek - Tth North S1 LC3 2187 2236 1.995 2.201 -8.774

*See Figure 7 lor sub-basin identification.

62




Tahle 17: Land Cover Type Classification Accuracy and Model Results, Storm 2. This table shows the model results
corresponding to drainage basins [or sample sites: Assuming Correct Classification of Land Cover Types (Run 1),
Classification based on User’s Accuracy (Run 2) and Classification based on Producer’s Accuracy (Run 3). In addition, the
percent difference between correct elassification and misclassification based on user’s and producer’s accuracy is shown.

Storm 2 - Storm Index 0.316

Model Results {masL)

Percenl Difference

Run 1 Run 2 FRun 3
Carrectly User's Praducer's User's Producer's

Tributary & Location Contributing Sub-basins® Classified Accuracy | Accuracy | Accuracy | Accuracy

TEN
Harbor Brook - Hiawatha Blvd. HB 24153 0,355 0,354 0,404 -(282 13.803
Harbor Brook - Velasko Road HB3 0147 0140 0152 -4, 72 34
Cinondaga Creek - Inner Harbor QC2+0C3+0C4+00C5 0.242 0.244 0,266 0626 G017
Cnondaga Creek - Spencer 5t DCI+0CH4+00C5 07T QATT 0187 0,000 5.G50
Onondaga Craek - Dorwin Ave. QCA4+0CSs Q104 0104 0104 0.000 (000
Cnondaga Creek - Route 20 QCa 0.074 0073 0.074 -1.351 0,000
Ley Craealk - Parl 31, LC2+LC3 0,182 3,140 0.242 -1.042 26042
Ley Craek - 7ih Marth 51, LC3 0.085 0.085 0.076 000 16.923

TP
Harbor Brook - Fliawalha Blyd, HEZ2+HB3 0.034 0.035 {041 2.941 20.038
Harbor Brook - Velasko Roard HE3 0023 0022 0.024 -4,348 4. 348
Onondana Creek - Inner Harbor QC2+0C3+0C4+005 0.038 0.038 .042 0,000 7.592
Onondaga Creek - Spencer St QC3+0C4+005 0.028 0028 0.0249 0.000 A.571
Onondaga Cresk - Donwin Ave, OC4+005 0.016 0.015 001G 0.0o0 0.000
Onondaga Creeak - RBoule 20 OCh 0011 0.011 0.011 0.000 0.000
Ley Creek - Park 51, LC2+LC3 0.030 0.0249 0.037 -3.333 23.333
Ley Cregk - 7th Norh St LC3 0011 0010 n.012 -3.091 G081

TS5
Harbor Brook - Hizwatha Blvd, HB2+HBE3 16648 16544 16.717 5,718 0435
Harbor Brook - Velasko Road HB3 5518 5822 5547 5.547 0,562
Onondaga Creek - Inner Harbor DC2+0C3+00C4+005 13.238 13.536 12801 2,251 -4.612
Cnondaga Creek - Spencer 86 QC3+0044+005 H.GHG 9,883 0.523 2,034 -1.683
Onandaga Creek - Dorwin Ave. DC4+00CS5 £.551 3,556 £.533 0076 -0.275
Onondaga Creek - Route 20 QCs5 4.658 4,663 4,656 00y 0,043
Ley Creek - Park St LC24LTS 0.a0g 10,083 BETE 1.756 -9.416
Ley Creek - Tih Maorh 5t LC3 3.404 3.480 3106 2233 -B.754

*See FFigure 7 for sub-basin identification.
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Table 18: Land Cover Type Classification Accuracy and Model Results, Storm 3. This table shows the model results
corresponding to drainage basins for sample sites: Assuming Correct Classification of Land Cover Types (Run 1),
Classification based on User’s Accuracy (Run 2) and Classification based on Producer’s Accuracy (Run 3). In addition, the
percent difference between correct classification and misclassification based on user’s and producer's accuracy is shown.

Storm 3 - Storm Index 0.721 Modeal Results (mg/L) Percent Difference
Run 1 Run 2 Run 3

Correctly Usar's Producer's User's Producer's

Tributary & Location Contributing Sub-basins* Classified | Accuracy | Accuracy | Accuracy | Accuracy
THN
Harbor Brook - Hiawatha Blivd, HB2+HBE3 0.808 0.807 0.922 -0.247 13.968
Harbor Brook - Velasko Road HB3 0.335 0:318 0.347 -4 176 3582
Onondaga Creek - Inner Harbor DC2+0C3+0CA+0CH 0.553 0.556 0.607 0.542 §.765
Onondaga Cresk - Spencer St QC3+0C4+0C5 0,405 0.404 0.426 -0.247 5.185
Onondaga Creek - Dorwin Ave. DC4+0Ch 0.238 0.237 0.238 -0.420 0.000
Onondaga Creek - Route 20 0cs 0.168 0.168 0.168 0.000 0.000/
Ley Creek - Park St. LC2+LC3 0.438 0.434 0.552 -0.813 26.027
Lay Creek - Tih North St LC3 0.145 0.148 0.174 (.67 16.7749
TP
Harbor Brook - Hiawatha Blvd. HB2+HB3 0.079 0.080 0.053 1.266 17.722
Harbor Brook - Velasko Road HE3 0.053 0.051 0.055 3774 3774
Onondaga Creek - Inner Harbor OC2+0CA+0C4+0C5 0.089 0.089 0.096 0.000 7.865
Onondaga Creek - Spencer St OC3+0C4+0C5 0.063 0.063 0. 066 0.000 4,762
Onondaga Creek - Dorwin Ave. QC4+0CH 0.036 0.036 0.036 0.000 0.000
Onondaga Creek - Route 20 OC5 0.025 0.025 0.025 0.000 0.000
|Ley Creek - Park St LC2+LC3 0.068 0.067 0.085 -1.471 25.000
Ley Creek - Tth Morth St LC3 0.024 0.024 0.028 0.000 16.667
TS5

Harbar Brook - Hiawatha Blvd HBZ+HEB3 35.705 37.748 35.860 5722 0.434
Harbor Brook - Velasko Road HB3 12.586 13.284 12.655 5,546 0.548
Onondaga Creek - Inner Harbor OC2+0OC3+0C4+0C5 30.204 30.885 28.752 2.255 -4.807
Cnondaga Creek - Spencer 5L OC3I+0C4+0C5 2210 22.551 21729 2.038 -1.663
Onondaga Creek - Dorwin Ave. QC4+0C5 14 964 14,950 14,906 -0.033 -0.3688
Onondaga Creek - Routa 20 QCh 10.628 10.839 10.623 0.104 -0.047
Ley Cresk - Park St. LC2+LC3 22,608 23.006 20.480 1.756 -9.417
Ley Creak - Tih Morth St LC3 7.767 7.841 7.087 2.240 -8.755

*See Figure 7 for sub-basin identification.
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Table 19: Model Results at the Mouth of Lake Tributaries. This table summarizes

the in-stream concentrations due to NPS loadings calculated by the watershed model.

Storm 1 (5l Storm?2 Storm 3
At mouth of tributaries Contributing Sub-basins* =[.203) {8l =0.318) | (81 =0.721)
{mall} {mglL} (mglL}

THN
rina Mile Creek MMt 0.065 0102 0.233
Harbor Brook HB1+HBZ+HB3 0.292 0.455 1.038
Onondaga Creek| OC1+0C2+0C3+0C4+0CSE 0,168 0.281 0.595
Ley Creek LC1=LC2+LC3 0.316 0.492 1,123
Bloody Brook 8B1 0.056 0.088 0.2
Saw Mill Creek S 0.024 0146 (1.334

TP

Mine Mile Creek M 0.010 0.015 0.034
Harbor Brook HE1+HBEZ2+HE3 0.047 0,074 0.168
Onondaga Creek| OC1+0C2+0C3+004+0C5 0,027 0.042 0,086
Ley Creesk LC1+LC2+1LC3 0.030 0.07a 0177
Bloody Brook BE1 0.009 0.014 0.032
Saw Mill Creek S 0.015 0.023 (0.053

T35
Mine Mile Creek M 2,672 5.715 13.041
Harbor Broock HB1+HBZ+HEBS 1340 20.861 47.588
Onondaga Creek| OC1+0C2+0C3+0C4+005 9187 14.301 32.631
Ley Creek LC14+LC3+LEE 14902 23187 52 926
Bloody Brook BE1 1.086 3.091 7.053
Saw Mill Creek Shit ] 4,784 7463 17.028

*See Figure 7 for sub-basin identification.
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Chapter V
Discussion

Comparison of Model and OCDDS Sample Data

Tables 12, 13 and 14 compare model results with in-stream sample data FWA
concentrations. The in-stream concentrations represent contributions from point
sources, non-point sources and background loadings due to ground water and in-
stream precipitation. It is impossible to separate the NPS contribution from the other
sample components. Thus, a direct comparison cannot be done between the NPS
concentrations calculated by the model and the in-stream sample concentrations.
Howeyver, some observations can be made based upon comparisons between the

sample data and the in-stream concentrations calculated by the model.

Erroneous Results

Nine of the 72 results generated were erroneous. Two of the nine erroneous results
were generated based on storm two and the remaining seven were based on storm
three. Storm three was intense enough that the two USGS gauging stations on
Onondaga Creek were washed out, at separate times, during the storm. Asa result,
flow data was not recorded during large periods of the storm. Four of the
questionable results generated for storm three were at Dorwin Ave and Route 20.
Since the FWA sample concentrations corresponding to these two sites were
calculated based on flow data secured at the Dorwin Ave. gaging station, the FWA

concentrations are not accurate. The FWA concentrations of the in-stream sample
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Ellipsaid Name:
Semi-tmajor Axis:
Denominaror_of Flatening Rario:

Dizrrihadion Information:
Distributor:
Contaer_fnformarion;
Contact_Organization Primary:
Contact_Organization: State Universtiy of New York College of Environmental
Scicnce and Forestry
Contact_Position: Mapping Science Labaratory
Con tact Address:
Address_Tvpe: Mailing and physical address
Address: Bray Hall, 1 Forestry Dirive
Ciny: Svracuse
State_or_ Province: New York
Posral Code: 13210
Coumry: LISA
Contact_Voice_Telephone:
Contact_Facsimile_Telephone:
Contact Electronic Mail _Address,
Resource Descriprion: ononsoil
Distribution Linhility: None
Standard Order Process:
Digival Formn:
Ligital Transfer Information:
Formar_Name: ARCE
Digital Transfer Option.
Online Option:
Computer Contact Informarion.
Network Address.
Nerwork Resource Name:
Fees:
Available for free

Metadata Reference_{nformation:
Metadata Dare: 200103
Metadata Conract:
Contact_fnformation
Contact Orpanization_Primarn:
Contact_Organization: Mapping Science Laboratory
Contacr Address:
Address_Tyvpe: Mailing and physical address
Address: Bray Hall, | Forestry Drive
Citv: Syracuse
State_or_Frovince: MNew York
Postal Code: 13210
Counrry: TSA
Conract Voice Telephone.
Contact Faceimile_Telephone,

102




Contaet_Electronic_Mail_Address:
Metadata_Standard _Name: FGDC Content Standards for Digital Geospatial Metadata
Metadara Stanidard Version: FGDC-5TD-001-1993

Land Cover

fdentification_fnformation:
Citation:
Ciration_{nformarion:

Originater: US, Geological Survey (USGS)

Purblication_ Dare: 19970101

Title: New York Land Cover Data Set

Edition: 1

Geospatiod Data Presentation Form: raster digital data

FPublication_{nformation:
Publicarion_Place: Stoux Falls, 5D USA
Publisher: 1.5, Geological Survey

(Inline Linkage: htp://edowww.cruses.gov/programs/lecp/mationallandeover himl

Descripiion.,
Abstract:
These data can be used i a geographic information system (G18) for any nember of
purposes such as assessing wildlife habitat, water quality, pesticide runoff, land use
change, cte. The State data sets are provided with a 300 meter buffer beyond the State
border to faciliate combining the State files into larger regions.

{ The user must have a firm understanding of how the datasets were compiled and the

| resulting limitations of these data. The National Land Cover Dataset was compiled from
Landsat satellite T™ imagery (circa 1992) with a spatial resolution of 30 meters and
supplemented by various ancillary data (where available). The analysis and interpretation
of the satellite imagery was conducted using very large, sometimes multi-state image
mosaics (i.e. upto 18 Landsat scenes). Using a relatively small number of aenal
photographs for 'ground wutly’, the thematic interpretations were necessarily conducted
from a spatially-broad perspective. Furthermore, the accuracy assessments (see below)
[Hess correspond to 'Tederal regions’ which are groupings of contigucus States. Thus, the

' reliability of the data 1= greatest at the State or multi-State level. The statistical accuracy
of the data is known only for the region,

Important Caution Advisory
With this in mind, users are cautioned to carefully scrutinize the data to see if they are of
sufficient relizbility before altempling to use the dataser for larger-scale or local analyses.
This evaluation must be made remembering that the NLCD represents conditions in the
early 19905, The New York portion of the NLUCD was created as part of land cover
mapping activities for Federal Region 11 that includes the states of New York and New
Jersey, The NLCD classification contains 21 different land cover categories with a
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spatial resolution of 30 meters. The NLCD was produced as a cooperative cffort between
the U5, Geological Survey (USGS) and the 1.5, Environmental Protection Agency (US
EPA) to produce a consistent, land cover data layer for the conterminous 1.5, using early
19905 Landsat thematic mapper (TM) data purchased by the Multi-resolution Land
Characterization (MRLC) Consortium. The MRELC Consortium is o parmership of
federal agencies that produce or use land cover data. Partners include the USGS
(INational Mapping, Biological Resources, and Water Resources Divisions), US EPA, the
| U.S. Forest Service, and the National Oceanic and Atmospheric Administration.
FPurpose:!
The main objective of this project was to generate a generalized and nationally consistent
land cover data layer for the entire conterminous United States. These data can be used
as a layer in a geographic information system (GIS) for any number af purposes such
assessing wildlife habitat, water quality and pesticide runoff, land use change, etc.
Supplemental Information;
The land cover data files are provided as 2 'Gen-TIFF'(on CDROM) or § bit binary files
(from FTP site). The land cover data sets are single band raster images, The XY corner
coordinates for New York are 1217210/2663820 (projection meters, center of Upper Lefl
paxel).
Time_Period of Content.
Time Period _Informartion.
Range of Dates/Times:
Beginning Dater 1983
Ending Date: 1993
Currenmess Reference: ground conditdon
Srarus;
Progresy: Complets
Maintenance_and_Update Frequency: As needed
Spatral Domain:
Bounding Coordinates:
West Bounding Coordinate: -78.955
Last_Bounding Coordinate: -72.029
North Bownding Coordinare: 45 897
South Bounding Coordinare: 39,989

} Kevwords:
Theme:
Theme _Keyword Thesmirus: None
Theme Kevword: Land Use/Land Cover, Land Management, Land Resources, EDC,
’ EPA, EROS, Imagery, Land Characterization, Land Cover, Landsat, MRLC, Remote

Sensing, Satellite, Space Imaging, USGS
Place:!
| Place Keyword_Thesaurus: U5, Department of Commerce, 1977, Countries,
. dependencies, areas of special sovereignty, and their principal administrative divisions
(Federal Informartion Processing Standard 10-2):; Washington, D.C., National Institute of
Standards and Technology.
Place Keyword: North America, United States of America
Place:
Place Keyword Thesaurus: U.S. Department of Commerce, 1987, Codes for the
identification of the States, the District of Columbia, and the cutlying areas of the Tnited
States and associated areas Federal Information Processing Standard 5-20; Washington,
D.C., National Institute of Standards and Technology,
Place_Keyword: New York, NY
Access Constrainty: None.
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Use_Constraints: None. Acknowledgement of the U.S. Geological Survey would be

appreciated in products derived from these data.

Point_of Contact:

Contact_Information:
Contact_Organization_Primary:
Contact_Organization: U.S. Geological Survey EROS Data Center
Contact_Position: Customer Services Representative
Contact_Address:
Address_Type: mailing and physical address
Address: U.S. Geological Survey, EROS Data Center
City: Sioux Falls
State_or_Province: SD
Postal_Code: 57198
Country: USA
Contact_Voice_Telephone: (605) 594-6151
Contact_TDD/TTY_Telephone: (605) 594-6933
Contact_Facsimile_Telephone: (605) 594-6589
Contact_Electronic_Mail_Address:
CUSTSERV@EDCMAIL.CR.USGS.GOV
Data_Set_Credit: This work was performed by the Raytheon STX Corporation under
U.S. Geological Survey Contract 1434-92-C-40004.

Data_Quality_Information:
Attribute_Accuracy:
Attribute_Accuracy_Report:
An accuracy assessment is done on all NLCD on a Federal Region basis following a
revision cycle that incorporates feedback from MRLC Consortium partners and affiliated
users. The accuracy assessments are conducted by private sector vendors under contract
to the USEPA. A protocol has been established by the USGS and USEPA that
incorporates a two-stage, geographically stratified cluster sampling plan (Zhu et al,,
1999) utilizing National Aerial Photography Program (NAPP) photographs as the
sampling frame and the basic sampling unit. In this design a NAPP photograph is
defined as a 1st stage or primary sampling unit (PSU), and a sampled pixel within each
PSU is treated as a 2nd stage or secondary sampling unit (SSU).

PSU's are selected from a sampling grid based on NAPP flight-lines and photo centers,
each grid cell measures 15' X 15' (minutes of latitude/longitude) and consists of 32
NHAP photographs. A geographically stratified random sampling is performed with 1
NAPP photo being randomly selected from each cell (geographic strata), if a sampled
photo falls outside of the regional boundary it is not used. Second stage sampling is
accomplished by selecting SSU's (pixels) within each PSU (NAPP photo) to provide the
actual locations for the reference land cover classification.

The SSU's are manually interpreted and misclassification errors are estimated and
described using a traditional error matrix as well as a number of other important measures
including the overall proportion of pixels correctly classified, user's and producer's
accuracy's, and omission and commission error probabilities. At the time of CD release
(Summer 2000), the accuracy assessment was not complete. For the Region III accuracy
assessment, please check the NLCD Website: )

http://edcwww.usgs.gov/pro /nati .html. The accuracy
assessment numbers will be posted there around September, 2000.
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While we believe that the approach taken has vielded a very good general land cover
classification product for Region 11, it 15 important o indicate to the user where there
might be some potential problems. The biggest concerns for Region [1 are Listed below:

1} Accurate definition of the transitional barren class was extremely difficult. The
majority of pixels in this class correspond 1o clear-cur forests in various stages of
regrowth. Spectrally, fresh clear-cuts are very similar to row-crops in the leaves-off data.
Manual correction of coding errors was performed to improve differentiation berween
row-crops and clear-cuts, but some errors may sull be found. As regrowth occurs ina
clear-cut region, the definition of transitional barren versus a forested class becomes
problemaric. An attempt was made to classify only fresh clear-cuts or those in the
earliest stages of regrowth, but there are likely forested regions classed as wansitional
barren and vice versa.

2y Due to the confusion between clear-cuts, regrowth in clear-cuts, Forested arcas, and
shrublands, ne attempts were made to populate the shrubland classes, Any shrubland
arcas that exist in this area are classed mn their like forest class, i.e. decidunus shrubland 5
classed as deciduous forest, cte.

Logival Consistency Report:

An unsupervised classification algonithm was used Lo classily the mosaicked muluple leaf-off
TM scenes. Aerial photographs were used ro interprer and label classes into land cover
categories and ancillary dama sources resolved the class confusion. Further land cover
information rom leat-on TM data, NWI data, and ather sources were incorporated to refine
and augment the "basic” classification.

Completeness Report: All phot-interpretable data are mapped.
Paositional Aceuracy:

Lineage:

Hortzamal _Positional _Accuracy:

Haorizontal Positional Accuracy Repart:

Each Landsat Thematic Mapper image used to create the NLCD was precision
terrain-corrected using d-arc-second digital terrain elevation data (DTED), and
veoregistered using ground control points. This resulted in a rool mean square
registration error of less than 1 pixel (30 meters).

Souwrce luformarion:

Source Clration:

Citation {nformarton:
Originator: LS, Geological Survey EROS Data Center
Publication Dare; unknown
firle: Landsat TM™ scene
Geospatial Data Presentation Form: remote sensing images
Publication {nformarion:
Pubiicarion_ Place: Sioux Falls, 5D 37198 USA
Publisher: EROS Data Cenler

Process Srep.

Process Description:

Leand Cover Characterization,

The project s bemng carried out on the basis of 10 Federal Regions that make up the
conterminous United States; each region is comprised of multiple states; cach region
is processed in subregional units that are limited to the area covered by no more than
18 Landsat TM scenes. The general NLCD procedure is to: (1) mosaic subregional
T scenes and classify them using an unsupervised clustering algorithm, (2)
interpret and label the clusters/classes using aenal photographs as reference data, (3)
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resolve the labeling of confused clusters/classes using the appropriate ancillary data
source(s), and (4) incorporate land cover information from other data sets and
perform manual edis to augment and refine the "hasic” classification developed
above.

Two seasonally distinct TMW mosaics are produced, a leaves-on version | summer)
and a leaves-olf (spring/fall) version. 'TM bands 2,4, 5, and 7 are mosaicked for
both the leaves-on and leaves-off versions, For mosaick purposes, a base scene is
selected for each mosaic and the other scenes are adjusted to mimic spectral
properties of the base scene using histogram matching in regions of spatial overlap.
Following mosaicking, either the leaves-off version or leaves-on version Is selected
to he the "hase” for the land cover mapping process. The 4 TW bands of the "base”
mosaic are clustered to produce a single [00-class imase using an unsupervised
clustering aleorithm. Each of the spectrally distinet clusters/classes s then assigned
to one or more Anderson level T and 2 land cover classes using National High
Alutude Photography program (MHAP Jand National Aerial Photography program
{NAPP) aerial photographs as a reference, Almost invariably, individual spectral
clusters/classes are confused between two or more land cover classes.

Separation ol the confused spectral clusters/classes into appropriate WLCD class is
accomplished usmg ancillary data layers. Standavd ancillary data layers include: the
"non-base" mosaic TH bands and 100-class cluster image; derived TM normalized
vegetation index (ND'WI), various TM band ratios, TM date bands; 3-arc second
Dipital Terrain Elevation Data (DTED) and derived slope, aspect and shaded relief]
population and housing density data; USGS land vse and land cover (LUDAY; and
Mational Wetlands Tnventory(WW) data if available. Other ancillary dala sources
may mclude soils data, unigue stale or regional land cover data sets, or data from
other federal programs such as the National Gap Analysis Program [(GAP) of the
USGS BGiological Resources Division (BRD). For a given confused spectral
cluster/class, digital values of the various ancillary data lavers are compared 1o
determine:

(1) which data lavers are the most effective for splitting the confused cluster/class
into the appropriate WLCD class, and {2} the appropriate layer thresholds for making
the split(z). Models are then developed using one o several ancillary data layers o
split the confused cluster/class into the NLCD class. For example, a population
densiry threshold is used 10 separate high-intensity residential areas from
commercial/induserial/transportation,  Or a cluster/class might be confused between
row crop and grasslands, To split this particular cluster/class, a THM NDVI threshold
might be identified and used with an elevation threshold in a class-spliting model ta
make the appropriate NLCD class assignments. A purely spectral example is using
the temporally opposite TM layers to discriminate confused cluster/classes such as
lay pasture vs. row crops and deciduous forests vs. evergreen forests; simple
thresholds that contrast the seasonal differences in vegetation between leaves-on va.
leaves-ofl.

Mot all cluster/class confision can be successfully modeled out. Certam classes such
as urhan/recreational grasses or quarries/soip nunes/gravel pits that are not specirally
unigue require manual editing. These class features are typically visually identified
and then reclassified using on-sereen digitizing and recoding. Other classes such as
wetlonds require the use of specific dara sets such as NWI o provide the most
accurate classification. Arcas lacking NW data are typically subset out and
modeling 15 used to estimate wetlands in these localized areas. The final NLCD
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product resulls from the classification (interpretation and labeling) of the 100-class
"pase” cluster mosate using both automated and manual processes, incorporating
both specrral and conditional data layers. For a more detailed explanation please see
Vogelmann et al. 1998 and Vogelmann et al, 1998,

Dhscussion:

While we believe that the approach taken lias yielded a very good general land cover
classification product lor the naton, it is important to indicate to the user where there
might be some potential problems. The bigrest concerns are listed balow:

L) Some of the Th data sets are not temporally ideal. Leaves-off data sets are
heavily relied upon for discriminating between hay/pasture and row crop, and also
for discriminating between forest classes. The success of discriminating between
these classes using leaves-ofl data sets hinges on the time of data acquisition. When
hay/pasture areas are non-green, they are not sasily distinguishable from other
agricultural areas using remotely sensed data. However, there is a temporal window
during which hay and pasture areas green up before most other vegetation
(excluding evergreens, which have different spectral properties); during this window
these arcas are easily distinguishable [rom other crop arcas. The discrimination
between hay/pasture and deciduous forest is likewise optimized by selecting data ma
temporal window where deciduons vegetation has yet o leal sut. It is dilTicult o
acquire a single-date of imagery {leaves-on or leaves-off) that adequately
differentiates berween both deciduous'hay and pasture and hay pasture/row crop,

2} The data sets used cover a range of years {see data sources), and changes that have
taken place across the landscape over the time period may not have been captured.
While this is not viewed as a major problem for most classes. it is possible that some
land cover feamres change more rapidly than might be expected (e.g. hay one vear,
row crop the nexr).

3) Wetlands classes are extremely difficult to extract from Landsat TM spectral”
wformation alone. The use of ancillary information such as Matonal Wetlands
Inventory (NWI) data 15 highly desirable. We relied on GAP, LUDA, or proximily
to streams and rivers as well as spectral data to delineate wetlands in areas withouwt
WWT data,

4) Separation of natural grass and shrub 1s problematic. Areas observed on the
ground to be shrub or grass are not always distinguishable spectrally. Likewise, there
was often disazreement between LUDA and GAP on these classes,
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Contact_Pasition: Customer Services Representative
Conract_Addreys:

Address Tvpe: mailing and phyvsical address
Address. 115, Geological Survey EROS Darta Center

Cire: Sioux Falls

State_or_Province: SD

Posral Code: 57198

Country: USA

Contact Volce Telephone: (603) 394 - 6351

Contact_ TOVTTY Telephone: (605) 394 - 6933

Conracr_Faesimile Telephone: (603) 394 - 6389

Contact_Flecironic Mail Address:
CUSTSERV@EDCMAIL CR.USGS.GOV

Spatial Data Organization_{nformation:
Direct Spatial Reference Method: raster
Raster Object Informarion:
Raster Ohject Type: Grid Cell
Row Cawunt: 17453
Column_ Count: 23005
Vertical Couni: 1

Spatial Reference Information:
Horizontal Coordinate Svetem Definition.
FPlanar:
Map Profection:
Map Projection Name: Albers Conical Equal Area
Albers Conical Egual Area:
Standard Paraflel: 295
Standard Parallel: 455
Longitude of Central Meridian: -96.0
Latitude of Projection Origin: 23,0
Fualse Fasting: 0
False Northing: 0
Planar Coordingre_Informoation;

Planar_Coordinate Encoding Method: row and column

Coordinate_Representation:
Abscissa_Resolution: 30.0
Ordinate Resolution: 30.0
Planar Distance Units: meters
Creodetic_Model:

Horizonta! _Datum Name: North American Datum 1983
Fllipsoid Nume: Geographic Relerence System 30

Semi-muajor_Axis: 0378137
Denominator_of Flamening Rario: 295257
Enrivy and Auribure Information:
Chverview Description:
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Entity and Atrribute Cheerview,
NOTE - All classes may NOT be represented in a specific state data set, The class
number represents the digitml value of the class in the data set,

Water
11 Open Water
12 Perennial Iee/Snow

Developed

21 Low Intensity Residential

22 High Intensity Residential

23 Commercial Tndustrial Transportation

Barren

31 Bare Rock/Sand/Clay

32 Cuarries/Strip Mines/Gravel Pits
33 Transitional

Vegetated; Natural Forested Upland
41 Deciduous Forest

42 Evergreen Forest

43 Mixed Forest

Shrubland
A1 Shrubland

Mon-natural Woody
61 OrchardsVineyards/Other

Herbaceous Upland
71 Grasslands/Herbaceous

Herbaceous Planted/Cultivated
31 Pasture/Hay

82 Row Crops

83 Small Grains

&4 Fallow

83 Urban/Becreational Grasses

Wetlands
01 Woody Wetlands
92 Emergent Herbaceous Weltlands

NLCD Land Cover Classification System Land Cover Class Definitions:
Water - All areas of open warter or permanent ice/snow cover,

11. Open Water - areas of open water, generally with less
than 25 percent or greater caver of water (per pixel)

12, Perennial lee/Snow - All areas characterized by year-long

cover of ice and/or snow,
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Developed - areas characterized by high percentage (approximately
30% or greater) of constructed materials (¢.g. asphalt, concrete,
buildings, etc).

21. Low Intensity Residential - Includes areas with a mixture of
constructed materials and vegetation. Constructed materials account
for 30-80 percent of the cover. Vegetation may account for 20 to 70
percent of the cover. These areas most commonly include single-family
housing units. Population densities will be lower than in high intensity
residential areas.

22. High Intensity Residential - Includes heavily built up urban
centers where people reside in high numbers. Examples include
apartment complexes and row houses. Vegetation accounts for less
than 20 percent of the cover. Constructed materials account for
80-100 percent of the cover.

23. Commercial/Industrial/Transportation - Includes infrastructure
(e.g. roads, railroads, etc.) and all highways and all developed areas
not classified as High Intensity Residential.

Barren - Areas characterized by bare rock, gravel, sad, silt, clay, or
other earthen material, with little or no "green" vegetation present
regardless of its inherent ability to support life. Vegetation, if
present, is more widely spaced and scrubby than that in the
"green" vegetated categories; lichen cover may be extensive.

31. Bare Rock/Sand/Clay - Perennially barren areas of bedrock, desert,
pavement, scarps, talus, slides, volcanic material, glacial debris, and
other accumulations of earthen material.

32. Quarries/Strip Mines/Gravel Pits - Areas of extractive mining
activities with significant surface expression.

33. Transitional - Areas of sparse vegetative cover (less than 25
percent that are dynamically changing from one land cover to

another, often because of land use activities. Examples include

forest clearcuts, a transition phase between forest and agricultural land,
the temporary clearing of vegetation, and changes due to natural causes
(e.g. fire, flood, etc.)

Forested Upland - Areas characterized by tree cover (natural or
semi-natural woody vegetation, generally greater than 6 meters tall);
Tree canopy accounts for 25-100 percent of the cover.

41. Deciduous Forest - Areas dominated by trees where 75 percent
or more of the tree species shed foliage simultaneously in response to
seasonal change.

42. Evergreen Forest - Areas characterized by trees where 75 percent
or more of the tree species maintain their leaves all year. Canopy is

111



g

never without green foliage.

43. Mixed Forest - Areas dominated by trees where neither
deciduous nor evergreen species represent more than 75 percent
of the cover present.

Shrubland - Areas characterized by natural or semi-natural woody
vegetation with aerial stems, generally less than 6 meters tall

with individuals or clumps not touching to interlocking. Both evergreen
and diciduous species of true shrubs, young trees, and trees or shrubs
that are small or stunted because of environmental conditions are
included.

51. Shrubland - Areas dominated by shrubs; shrub canopy accounts
for 25-100 percent of the cover. Shrub cover is generally greater

than 25 percent when tree cover is less than 25 percent. Shrub cover
may be less than 25 percent in cases when the cover of other life forms
(e.g. herbaceous or tree) is less than 25 percent and shrubs cover
exceeds the cover of the other life forms.

Non-natural Woody - Areas dominated by non-natural woody

vegetation; non-natural woody vegetative canopy accounts for

25-100 percent of the cover. The non-natural woody classification

is subject to the availability of sufficient ancillary data to

differentiate non-natural woody vegetation from natural woody vegetation.

61. Orchards/Vineyards/Other - Orchards, vineyards, and other areas
planted or maintained for the production of fruits, nuts, berries, or
ornamentals.

Herbaceous Upland - Upland areas characterized by natural or
semi- natural herbaceous vegetation; herbaceous vegetation
accounts for 75-100 percent of the cover.

71. Grasslands/Herbaceous - Areas dominated by upland grasses
and forbs. In rare cases, herbaceous cover is less than 25 percent,
but exceeds the combined cover of the woody species present.
These areas are not subject to intensive management, but they are
often utilized for grazing.

Planted/Cultivated - Areas characterized by herbaceous vegetation
That has been planted or is intensively managed for the production

of food, feed, or fiber; or is maintained in developed settings for
specific purposes. Herbaceous vegetation accounts for 75-100 percent
of the cover.

81. Pasture/Hay - Areas of grasses, legumes, or grass-legume mixtures
planted for livestock grazing or the production of seed or hay crops.

82. Row Crops - Areas used for the production of crops, such
as com, soybeans, vegetables, tobacco, and cotton.
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83. Small Grains - Areas used for the production of graminoid
crops such as wheat, barley, oats, and rice

84. Fallow - Areas used for the production of crops that are
temporarily barren or with sparse vegetative cover as a result of
being tilled in a management practice that incorporates prescribed
alternation between cropping and tillage.

85. Urban/Recreational Grasses - Vegetation (primarily grasses) planted
in developed settings for recreation, erosion control, or aesthetic
purposes. Examples include parks, lawns, golf courses, airport grasses,
and industrial site grasses.

Wetlands - Areas where the soil or substrate is periodically saturated
with or covered with water as defined by Cowardin et al.

91. Woody Wetlands - Areas where forest or shrubland vegetation
accounts for 25-100 percent of the cover and the soil or substrate
is periodically saturated with or covered with water.

92. Emergent Herbaceous Wetlands - Areas where perennial
herbaceous vegetation accounts for 75-100 percent of the cover
and the soil or substrate is periodically saturated with or covered
with water.

Entity_and_Attribute_Detail_Citation:
NLCD Regional Land Cover Classification System Key Rev. 07/99

Distribution_Information:

Distributor:

Contact_Information:

Contact_Organization_Primary:

Contact_Organization: U.S. Geological Survey, EROS Data Center
Contact_Position: Customer Services Representative
Contact_Address:

Address_Type: mailing and physical address

Address: Sioux Falls

City: SD

State_or_Province: SD

Postal_Code: 57198

Country: USA
Contact_Voice_Telephone: 605-594-6551
Contact_TDD/TTY_Telephone: 605-594-6933
Contact_Facsimile_Telephone: 605-594-6589
Contact_Electronic_Mail_Address: custserv@edcmail.cr.usgs.gov

Resource_Description: New York Land Cover
Distribution_Liability:
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TSS from tributary loadings to the lake in an average year. These concentrations are

based on the water years 1988 — 1990 and are based on the discrete measurements
and daily average flow rates (Effler, 1996). The model values generated at the
mouths of the tributaries should fall between the minimum and maximum. Table 19
presents total loadings of TKN, TP and TSS at the mouth of the six natural tributaries

entering the lake as calculated by the lake watershed model

Table 20: Suspended Solids Concentrations in Surface Discharges to Onondaga Lake

(Effler, 1996).
Source Suspended Solids Concentrations (mg/L)
Average | Median |[Maximum| Minimum n
Onondaga Creek 47.9 29 356 6 48
Ninemile Creek 247 22 74 2 49
METRO 13.8 12 86 5 49
Ley Creek 251 20 103 3 49
Harbor Brook 20.1 9 157 1 49

A comparison of TSS concentrations between Tables 19 and 20 can be done for
Onondaga Creek, Nine Mile Creek, Harbor Brook and Ley Creek. The model
concentrations of TSS for all four tributaries are between the minimum and maximum
concentrations for all three storms. In addition, TSS concentrations estimated for
Onondaga Creek and Nine Mile Creek were below average concentrations. This was
expected since all three storm events were more frequent, and less intense than the

average annual storm. The averages presented in Table 20 may include storms that
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exceed the one-year storm 1n hoth duration and intensity, which would likely raise the

average TSS concentrations.

Model] results for Ley Creek and Harbor Brook due to storm three, exceeded the
average concentrations in Table 20. Additionally, during storm two the model
concentration of TSS for Harbor Brook was approximately the same as Lhe average
concentration. Although the cause is not known it can be seen in Table 21 that both
Harbor Brook and Ley Creek are predominantly urban drainage basins. This may

indicate that model is overestimating TSS for urban areas.

Comparison of Model and Historical Information

Another note to make concerning Table 19 is the overall concentrations of parameters
relative to each stream. For instance, historically, concentrations of TKN and TP in
Ley Creek have been consistently higher than any of the monitored sites on
Onondaga Creek. The model results for TKN and TP show this relationship between
Onondaga Creek and Ley Creck. However, the model results also indicate this trend
for TSS, which is not accurate. TSS is historically higher in Onondaga Creek and is
likely due to the Tully mud boils, which arc not considered in the model. As a result
Storms [ and 2 had sample concentrations of TSS which were much higher than those
calculated by the model at the Route 20 sample location down stream of the mud

hoils,
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Influence of Model Inputs on Model Results

FEach model input parameter has a limited accuracy and some amount of error. The
amount of error introduced by each parameter influences the model results. When
these parameters are combined the errors of each are compounded in the results. Tn
other words, the errors are propagated. “The propagation of variances and
covariances is commonly known in practice as propagation of errors” (Mikhail,
1976). It would have been ideal to study the effects of the accuracy of each
parameter on the model results and then to study the effect of the compounded errors
on the model results. However, this additional study was outside the scope of this

project.

Since the land cover type classifications of the grid cells in the land cover data set
directly influence the value of three parameters in the model algorithm, this model
input was considered the driving factor of the model. As a result three model runs to
assess the effects of land cover classification were done. These were the only three
runs done with the model developed. 1t is understood, however, that other factors,
sources of errors and assumptions could affect model results and these are discussed

below.

Land Cover Type Classification

Tables 16, 17 and 18 summarize the results of the three model runs done to determine

the effect, on model results, of misclassifying land cover type. The first observation
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is that confusion based upon the producer’s accuracy has a larger impact on the model

results than based upon user's accuracy.

Another observation is that in most instances there is less than a five percent
difference between Run 1 (assumed correct classification) and Runs 2 (results based
on users’ accuracy) and 3 (results based on producer’s accuracy). However, those
watersheds with more than a five percent difference are predominantly small, urban
drainage basins such as Ley Creek, and the lower portions of Harbor Brook and
Onondaga Creek. These urban drainage basins are more affecied by misclassification
and in two instances show percent differences as high as 26%. Table 21 presents the
characteristics of the six natural sub-basins and it can be seen that the majority of
Harbor Brook and Ley Creek watersheds are comprised of urban land cover types. In
addition, although the entire Onondaga Creek basin is only about 15% urban, this
15% 1s almost entirely in sub basins OC2 and OC3. It is only when loadings from
0OC2 and OC3 are added in that an impact on the results is seen in Tables 16, 17 and
I8. In general, the percent difference is zero until contributions from drainage basins
OC2 and OC3 are added in. It is therefore concluded that urban sub-basins are more
sensitive to land cover misclassification. This may be because the most commonly
confused land cover types affecting the model are those that are found in
predominantly urban dreas such as residential, commercial. industrial, and

transportation land cover types.
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Table 21: Characteristics of the Six Natural Sub-basins in the Onondaga Lake Watershed.

TR

[ Saw Mill | Elooady Brook Ley Cresk Onondaga Harbor Nine Mile
% Basin 4 Basin % Basin % Basin % Basin % Basin
Predominant Land Cover Types
Open Water 0.06 0.18 .04 0.07 0.35 3.24
Low Intensity Residential 26.06 45.85 19.71 548 25.31 517
High Intensity Residential 742 15.41 13,85 5.07 13.73 0.69
Comm/Industrial/Transport 12.30 8.81 21749 278 7.7 1.86
Quarries 0.21 0.2 0.06 0146 0.00 D.14
Deciduous Forest 25.71 10,85 18.64 20.48 2023 34,89
| Evergreen Forest 0.04 0.03 0.11 0.69 0.17 0414
Mixed Forest 2.16 2.97 507 2182 6.949 052
Pasture/Hay 8.57 3.93 7.64 25.05 17.50 IFAT
Row Crops 3.54 234 370 678 279 i
Urban/Recreational Grasses 11.31 B.39 8.75 1.1 5.38 218
Woody Wetlands 2.35 .00 048 0,50 0.1a 0.94
Emergent Herb. Wetlands 0.27 0.01 0,18 0.0z 0.01 0.08
|Predominant Hydrologic Soil Groups
A= 0.61 2.70 1. 3F 3.00 087 0.85
B= 25.55 25.08 31.61 a30.23 G7.94 G085
C= 37.32 2572 32.80 13.85 15.69 26349
D= 36.52 4649 34.21 2.88 15.24 877
Predominant Slope Ranges
Level, Nearly Level 66.45 6BY.39 67,37 19.11 3171 24,27
Gently Sloping 29.51 28.87 28.76 37.03 45.01 41.40
Strongly Sloping 3.16 251 it 19,34 13.30 1717
Moderately Steep 0.84 1.14 1.06 17.98 812 12.80
Steep 0.04 0.09 0.06 f.14 1.82 3.72
Very Steep 0.00] 0.00 0.00 040 0.03 053
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The percent difference based upon the producer’s accuracy 1s (for the most part)

positive for TKN and TP but negative for TSS. In other words, based on producer’s
accuracy. the Run 3 results are higher for TKN and TP and lower for TSS than Run 1.
Therefore. il run under the assumption that all classifications are correct, Run 1, the
model may be under estimating TKN and TP but over estimating TSS. The opposite
is found when the results based upon the user’s accuracy are generated. The percent
difference based upon the user’s accuraey is (for the most part) negative for TKN and
TP but positive for TSS. In other words when calculations are done based on the
user’s accuracy, the results are low for TKN and TP and higher for TSS. Therefore il
run under the assumption that all classifications are correct, Run 1, the model may be
over estimating TKN and TP but under estimating TSS. When using model results
for decision-making purposes, the impact of land cover type misclassification should
be taken into consideration and worst case scenarios should be analyzed. A
determination must be made as to whether over estimating a parameter or under
estimating it is more of a concern. In addition, the acceptable error should be
determined. If the amount of possible error based on user’s or producer’s accuracy is

exceeded, the model accuracy may not be adequate.

Based on the above discussion of land cover type classification, two conclusions can
be made, First, land cover tvpe misclassification errors do not significantly affect the
model results. The highest percentage of land cover type misclassification based on

the user’s and producer’s accuracy, for the most part, resulted n less than a five
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percent difference in model results. However, it should be noted that the results for
small, urban watersheds are more sensitive to misclassification than the rural drainage
basins. Second, the user’s and producer’s accuracies are “misclassification
extremes”, representing the highest possible percentage of misclassification. These
accuracies affect the results in opposite ways and the model results fall between the

two extremes. In general, these conclusions help to substantiate model confidence.

Soil Associations

There are a number of sources of error in the soil association data set. Some error
was introduced during the production of this GIS data set. The source map used to
digitize the Onondaga Creek watershed, was not the original source map used to
digitize the areas surrounding the Onondaga Creek sub-basin. A duplicate map was
used. Additionally, after digitizin_g the area surrounding the Onondaga Creek
watershed, the lines at the border where the two data sets were to be joined, had to be

shifted slightly so that they were connected as one continuous line.

In addition to error introduced during production of this GIS data set, some
assumptions were made that could affect model results. The HSGs are broad
classifications for physical properties of the soils, however, the actual, detailed
physical properties of each soil could vary greatly within the HSG classification. It
was also assumed that conditions prior to sampling the tributaries were average

antecedent moisture conditions, AMC Condition II, and that all soils had been
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thoroughly wetted by the time sampling had begun. Thus, the groups with dual
assignments were classified as Group D soils. If the soils were not thoroughly wetted
it may not have been appropriate to assign Group D to groups with dual assignments.
In addition, the Onondaga Indian reservation on the soil map was assumed to be soil
Group B because the soil types bordering the reservation were predominantly Group
B. Finally, areas that were classified as “chemical/man made” were assumed to be

soil Group D, worse case runoff.

If any of the hydrologic soil group classifications or the antecedent moisture
conditions were to change, the curve numbers quantifying runoff properties would be
affected. ‘'his could increase or decrease the amount of runoff accounted for by
parameter R in the model algorithm, ultimately affecting the model results. ‘'he
actual extent to which the model results are affected by these errors is unknown,

he error introduced in the digitization process and due to boundary adjustments were
random. Therefore, these errors would tend to balance out over the entire watershed

canceling the overall effects of the individual errors.

Digital Elevation Model

The vertical Root Mean Square Error (RMSE) statistic is used to describe the vertical
accuracy of a DEM and encompasses both random and systematic errors introduced
during the production of the data. Since the desired accuracy standard for DEMs is

meters it is assumed that the elevations are correct 7 meters. The percent slope
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used as a basis for the slope parameter of the model algorithm is calculated as the

vertical rise over the horizontal run for each pixel, I[the accuracy is off a maximum
of 7m in rise over the 25 m horizontal distance of the pixel then as much as a 28%
difference in percent slope could be seen, An error of this magnitude might
significantly affect the results if this kind of error were extremely common.
However, il these errors are random, they would tend to balance out over the entire

watershed canceling the overall effects of the individual errors.

Hydrography

When this data set was overlaid on the others data sets used for this project. it was not
in alignment. To align the streams and lake boundaries of the NYSDOT hydrography
sct with the other data sets, the hydrography had to be shifted approximately 15
meters to the west and 15 meters to the south. Although the metadata indicated that
the datum and projection were the same as the other data sets it is suspected, though
not confirmed, that the problem is related to the projection of the data set, Since the
loadings in the streams are based on the surrounding watershed and therefore, the
watershed boundaries, the hydrography had little influence on the model results other
than to assist in delining the watershed boundanes. In addition, if streams are shifted
slightly, the land cover type classification of the pixels may be confused, classified as
water instead of land cover type for the shoreline. However, it was shown earlier that

the model results are not very sensitive to land cover type misclassifications and
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therefore, this slight shift in water features would not have a large impact on the

model results,

Watersheds

The watersheds were superimposed over the DEM and it was concluded that the
boundaries were within two or three cells of where they should be based on
topography. It is therefore assumed that all watershed boundaries are +/- 75 m of
where they are supposed to be. It should be noted that upon inspection at various
locations, the majority of the boundaries fell within the cell they were supposed to,
however not all boundary cells were inspected. Where the boundaries are off two or
three pixels, along ridge tops, the land cover and slope are likely to be the same in the
general vicinity and thus will not change the loading calculations significantly.
Additionally, it did not appear that errors at the boundaries were of the same
magnitude nor were they all in the same direction. Therefore it was concluded that
these errors arc random and their combined effects will cancel out their individual
effects. The worst that can happen to the model results, is that a portion of the runoff

will be accounted for in one watershed instead of another.

Model Confidence

After exploring the sensitivity of the model results to the driving factor of the model,

land cover type, and comparing model results with sample data and data summarized
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by Dr. Effler, there is a high level of model confidence. It-was determined that land

cover type misclassification did not significantly affect the results. When the highest

percentage of misclassification was assumed, most times, there was less than a 5%

lifference in concentrations results. It is noteworthy that the small, urban watersheds

were more sensitive to misclassification than the rural drainage basins. Out of the 72

concentrations calculated (8 sites x 3 parameters x 3 storms), 63 resulted in model

‘ ;oncentrations that were lower than sample concentrations. That is 87.5 % of the

l time the model calculated in-stream concentrations due to NPS loadings, which wern
less than the sample concentrations due to point, NPS and background loadings. Ina

I few instances model results were higher ‘or some of these instances reasonable

explanations can be offered. Other factors, sources of errors and assumptions that

could possibly affect model results were discussed, but to what extent they affect the

model results, is unknown.

Potential Improvements

It was shown that if the model results are assumed correct, they can be used in

conjunction with the sample data to estimate that portion of the in-stream

concentration due to NPS loadings. Currently, there is no way to separate the point
source, and background components of the in-stream sample concentrations from the
NPS portion If this could be done through modeling, it would be an extremely useful

tool for assisting in decision-making concerning water quality and water quality



improvement projects. Thus, some suggestions {or improving the model should be

considerad.

There are a number of considerations that could give nse to more accurate model
results. The EMCs used in this study were based upon national averages and were
not specific to the local area. In addition, they were adapted to the NLCD land cover
classification system from that used by the USEPA. There are a number of sampling
programs currently being conducted by various municipalities in and around the
Onondaga Lake watershed, related to NPS pollutant loadings to the lake and its
tributaries. In addition, there are a number of private organizations with interests n
Onondaga Lake watershed that may have data to contribute. These studies will yield
more localized EMCs that better correspond to the NLCD land cover classification

system, given enough time and sampling.

Another way in which the model could be improved is to consider more watershed
parameters. Rather than grouping the physical characteristics of the soils into broad
H5G classifications, specific properties could eventually be associated with each soil
association so that more specific hydraulic caleulations could be performed. Also the
hydrauhe charactenistics of the tributaries and channel flow could be considered. In
addition, as better, more accurate, higher resolution data becomes available it can be
incorporated into the model. Finally it would be highly advantageous to design a

graphic user interface that makes changing model parameters easier and/or that
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allows the user to input locations for which the model calculates in-stream

concentrations,

Possible Follow Up Studies

Any of the improvements mentioned above are areas in which possible follow up
studies can be done. However, the next appropriate step is to do a statistical
sensifivity analysis for the existing model. As discussed, each of the input data sets
has an associated amount of error. The error associated with each set is then
compounded when the data sets are used together. These errors have not been fully
quantified and no statistical analysis has been done. Thus, the effects on the model

results are still unknown.

Both a sensitivity analysis and more model runs will provide more information about
model validity. The model can be run using more robust data sets as data improves
and becomes more available. For example, as more storm event sample data becomes
available, the corresponding sample sites and precipitation data can be input to
generate additional model results. Likewise, EMCs generated through local studies
and higher resolution land cover data can be used as they become available. All of

this data can assist in model calibration in addition to model validation.

A final area suggested for follow up study is to perform a trend analysis using the

data and model results. For example, loadings from the watersheds (concentration
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per unit area) versus watershed characteristics such as land cover type, HSG, and

slope could be investigated. Based upon this type of trend analyses and the statistical
acceptability of model calculations, prioritization of areas of concern in the watershed

can be done.
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Chapter VI
Conclusions

Like many other urban lakes, Onondaga Lake is polluted. Pollution to the lake
includes past and present, point and non-point source (NPS) pollution.

Today NPS pollution 1s the primary threat to water quality in New York State. To
ultimately improve the water quality of New York's waters, including Onondaga
Lake, it is now becoming extremely important that NPS pollution be addressed. As a
result, a GIS model was developed for the Onondaga Lake watershed that can
reasonably estimate in-stream pollutant concentrations due to NPS pollution loadings

from the surrounding watershed.

Typically, water quality degradation due to NPS pollution is caused by the
introduction of high concentrations of nutrients and sediment to surface waters.

Three NPS pollution indicator parameters that are commonly sampled are two
chemical nutrients, total kjeldahl nitrogen (TKN) and total phosphorous (TP), and a
third physical parameter, total suspended solids (TSS). These pollutants are
transported to surface waters from the contributing watershed through the movement
of ground water and runoff. The quantity and rate of runoff from the surrounding
watershed to the receiving waters 1s dependent upon watershed characteristics such as

land cover type, soil type, stream proximity and slope.
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A (IS lends itself to the analysis of those watershed charactenstics that influence

NPS pollutant loadings, since the strongest factors influencing the movement of
croundwater and runoff are geographic in nature and have associated information.
Different databases for the same geographic area can be combined, analyzed and the
results of the analyses can be mapped and illustrated graphically, The GIS data used
for this study included:

* Land Cover Type

* Soil Associations

e  Digital Elevation Model

» Hydrography

¢  Watersheds

Water Monitoring Sites

The GIS data sets were combined such that one data set was generated in which all
the necessary information was retained from the various data sets. The final data set
contained information on land cover type, hydrologic soil group, curve number,
percent slope and distance from receiving stream in 25m x 25m grid cells. Using this
final GIS data set, USEPA’s estimated mean concentrations (EMCs) associated with
land cover types and precipitation data, estimated in-stream concentrations due to
NPS pollution were calculated. Each time the model was run, these calculations were
performed for three parameters, at eight locations, during three storm events. Il was

determined that land cover was the driving factor of this model so two additional
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+ Acquisition and use of more localized EMCs that better correspond to the
NLCD land cover classification system
e Consideration of more watershed parameters in the model
e Consideration of hydraulic characteristics of the tributaries and channel flow
¢ Development of a graphic user interface that
o makes changing model parameters easier,
o allows the user to input locations for which the model calculates in-
stream concentrations,

o and allows the user to update data sets more easily.

Any of these improvements are appropriate areas for follow up studies. However, a
statistical sensitivity analysis for the existing model should be done first. The model
user should be aware of model input quality and the sensitivity of the model to
various parameters, In addi tion. the acceptable error for the task at hand should be
determined. If the amount of maximum tolerated error is exceeded or if the model

data input quality is not high enough, the model accuracy may not be adequate.
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APPENDIX A

AMLs USED IN THE
DIGITIZATION OF THE
ONONDAGA COUNTY SOIL
ASSOCIATIONS DATA COVERAGE
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This AML program (arcstart.aml) was used at the beginning of cach ArcInfo session to insure that
all parameters were consistent during each session and to expedite the Process,

display 9999
digitizer altek32 com1:9600:8bit:none
&return

This AML program (aestart.aml) was used at the beginning of each ArcEdit session to insure that
all parameters were consistent during each session and to eapedite the process.

symbolitem arc 14
symbolitem label 1
setdrawsymbal 7
nadesnap closest 25
arcsnap on 20
intersectarcs all

drawe arc node label ids
draw

&return

This AML program (bekgrnd.aml) was in ArcEdit sessions to insure that all background
parameters were consistent during cach session and to expedite the process. Generally the
coverage onctytic was used as the background cover because it contzined the existing data and the
tics used to geo-reference the additional data being generated,

backcov oncytic

backe arc node label ids
draw

&return




This AML program (findxy.aml) was used in ArcEdit to aid in the editing of the soil association
coverage. When building the coverage, intersections were detected and this program
amtomatically zooms in on the intersection of user provided coordinates, It was provided courtesy
of lames Halligan, SUNY ESF,

It has three arguments. Get the coordinates of the intersection from build for the x and v values
and enter 100 so that the extent of the window opened 15 100 units from top to bottom, At the
command line enter "&Run Findxy (x value) (v value) 1007,

Rargs xy z

&sv size %z%/2

&SV minx %x% - %usize%

&sv miny %y% - Y%size%

&sv maxx %x% + Ysize%

&sv maxy Yy% + %siza%

mape %minx% %miny% Y%emaxx% Y%maxy%

draw

&return
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APPENDIX B

ONONDAGA COUNTY
SOIL SERIES, SOIL ASSOCIATIONS
| AND RESPECTIVE HYDROLOGIC SOIL GROUPS




SOIL NAME
ALTON
ANGOLA
APPLETON
ARKFORT
ARNCT
AURCRA,
BENSON
BOMBAY
BROCKPORT
CAMILLUS
CANANDAIGUA,
CARLISLE
CAZEMNOV|A
COLLAMER
COLONIE
CONESUS
CROGHAN
DARIEM
DUNKIRK
FARMINGTON
FONDA
GALEN
GRAVEL PITS
HAMLIN
HERKIMER
HILTOM
HOMEQYE
HOWARD
INDIAN RES
KENDALA
LAIRDSVILLE
LAKEMOMNT

HYDRO., HYDRO,
GROUF SOIL NAME
LAMSON
LANSING
LIMA
LOCKPORT
LORDSTOWN
LYONS
CHEM WASTE
MADRID
MANHEIM
MARDIN
MINCE

PO HAWE
MAUMBURG
NIAGARA,
ODESSA
ONTARIO
OTISVILLE
PALMS
PALMYRA
PHELPS
QUARRIES
RHIMEBECK
SCHOHARIE
TEEL

URBAM LAND
WOLUSIA
WAMPSWVILLE
WASSAIC
WATER
WAYLAND
WILLIAMSON
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Onondaga County Soil Series and Respective Hydralogic Soil Groups — Provided courtesy of the
New York State [hvision of the Mational Resource Conservation Service
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This MS Excel spreadsheet used lookup commands fo assaciate the corresponding hydrologic soil group number {1-4) with cach soil
type. The percentage of each soil type in the soil associations was manually entered from information in the Onondaga County Soil
Survey. Once bolh parameters were entered each hydrologic soil group number was multiplied by the percentage of the corresponding
soil. These were then summed for each soil association and then divided by the total percentage of soil in the association to yield a
weighted average hydrologic soil group number. This number was rounded and then converted to hydrolagic soil groups A-D for each
s01] association,

S0IL1 S0IL 2 SOIL 3 ASS0C, ABS0C.

ASE0C. HYDRD. HY RO HYDRO. HYDRGC, HYDRO.

I S0IL1 % S0IL 1 it S0z T BOIL 2 i S0IL 3 % SOIL 3 # it CODE*
1 HONEOYE it 2 LKA~ 14 2 2 &
2 LANSING 7a 2 COHESUS 20 2 2 B
3 OMTARID &0 2 HILTOM 14 i 2 2]
4 MADRID 1] 2 HILTOM 15 2 2 B
5 BOMBAY 50 2 MADRID an 2 z B
B CAZEMNOWVIA 75 2 2 B
T HOMEQYE ab 2 LANSIMNG 35 2 2 £
A ONTARID a5 4 KADRID an 2 2 £
4 CONESUS ald 2 APPLETCM 35 a 2 B
10 HILTOMN 55 2 APPLETOM an a z E
11 MOHAWE 65 2 RAANHETM 20 3 2 B
12 WERNDALA a0 3 LIKA, 35 2 LY ONS 132 4 3 C
13 MARDIN GO i WOLUSIA 25 3 3 c
14 BENSON 40 B WASSAIC 3d 2 ROCK OTCRP 15 4q 3 L
15 CAMILLUS 80 i 2 B
18 FARMIMGTON 54 3 AURCRSA an 3 3 C
17 WASSAIC 45 2 BENSOM a5 4 3 C
18 LORDETOWN Gl 3 ARMNOT 25 4 3 C
149 AURORA 40 3 FARMINGTON a5 3 ROCK OTCRP 15 3 C
20 BEMNSON 33 4 WassAIC 25 Fd ROCH OTCRP 15 4 3 =
21 CAMILLLIS 79 i 2 2]
23 ARMNOT 40 4 LORDSTOMWN an 3 RARDIN 20 3 3 C
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S0ILA S5CIL 2 B0IL3 ASS0QC. ASS0C.

ASSOC, HY DR HY DR, HYDRO. HYDRO. HYDRO.

it SO S SOIL 1 it S0IL 2 o SOIL 2 it S0IL 3 % SOIL 3 # i Cope"
23 AURDORA i 3 ANGOLA 10 3 DARIEN 10 3 3 C
24 LAIRDSVILLE 45 4 BROCKPORT 20 4 LOCKPORT 20 4 4 B]
25 ARKPORT 40 2 COLOME 35 1 2 B
26 CROGHAM 40 2 MNAUMBLURG KiH 3 2 B
27 MIMOA, 45 4 AR SOMN an 4 GALEM 15 2 3 C
28 COLLAMER itk 3 DILIMKIR R 25 2 3 c
29 COLLAMER 33 a MIAGARA 25 3 d C
30 MIAGARA T 3 COLLAMER 20 3 K| C
31 WILLIAMSON &5 3 MIAGARA 20 3 3 c
32 SCHOHARIE = H a ODESSA 25 4 3 C
33 NIAGARA 35 3 CAMNAMDAGLILA an 2 3 C
34 FOMDA Al 4 LAKEMONT a0 4 - ]
15 RHIMEBECK 7o 4 FORMDA 15 4 4 ]
6 HOWARD 55 1 HERKIMER 25 2 1 A
7 PALMYRA G 2 HOWARD 13 1 2 B
a3 WaMPSVILLE 40 z PALMYRA 25 2 FHELPS 15 2 2 it
a9 ALTON GO 1 OTISVILLE 20 1 1 A
afl PALMYRA 50 2 HOWARD 20 1 Z B
41 PALMYRA l514] 2 HOWARD 20 1 2 B
42 TEEL B30 2 HaAMLIN 15 2 WA LAND 15 4 2 B
43 WaAYLAND G0 4 TEEL 20 2 4 ]
44 CARLISLE af 4 PALMS 30 4 4 O
45 QUARRIES 100 4 4 0
46 GRAVEL PITS 100 4 4 i}
47 URBAM LAND 100 4 4 ]
48 CHEM. WASTE 100 2 2 B
43 INDIAN RES. 100 2 2 B
a0 WATER 104 ] i W

o6




Soil Mumber Soil Association
40 PALMYRA-HOWARD
41 PALMYRA-HOWARD
42 TEEL-HAMLIN-WAYLAND
43 WAYLAMND-TEEL
44 CARLISLE-PALMS
45 QUARRIES
46 GRAVEL PITS
47 URBAN LAND
48 CHEM, WASTE
49 INDIAN RES.
50 WATER
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APPENDIX C

METADATA FOR DATA SETS
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Soils Associations

fdentification Informarion:
Cifadion:
Ciratfon _Information:
Originator: State University of New York College of Environmental Science and
Farestry
Fublicasion_Date: 2001035
Tirle: Onondaga County, New York Soil Associations
Edition.
Geospatial_Dara_Presentation_Form: Map
Publication Information.
Publicanion_Place: Syracuse, New York
Publisher: State University of New York College of Environmental Science and Forestry,
Mapping Science Laboratory
Description:
Abstrace.
Contains soil associations represented by lines and polygons in Onandaga County. New York.
Purpose:
A generalized soil association layer suitable for use in GES.
Supplemental fuformation:
1:62,500 scale. Zone 18 of the UTM grid/prajection system (Zone 18 is extended 1o cover
New York State eatirely in a single prid zone).
Time_Period of Conrenr:
Time_Period fnformuation:
Range of Dates/Times:
Beginning Date: 1989
Ending Dare: 2001
Currenfness_Reference: Publication date
Srafus:
FProgress: Complete
Maimtenance_and Updute Freguenew! As needed
Sparicd Domain:
Bounding Coordingtes:
Vest Bounding Coordinare;
Lasi_Bounding Coordinate:
North _Bounding Coordinate:
South_Bounding Coordinere:
Kevwords:
Theme:
Theme_Kevword Thesaurus:
Theme Keyword: Soil associations, environment
Place:
Place Keyword Thesaurus: None
Place Keyword:
Onondaga County, New York
MNarive Data_Set Environment: ARC/INFO

Dy Quality Infornution:
Logival_Consistency Report: Topologically clean
Completeness Repori:
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Linework consists of polypon features representng sotl associations and water body outlines.
Paositiona!_Accuracy:
Haorizontal Posiional Accuracy
Horizomtal Positional Accuracy Report:
Dhgital data is tested by visual comparison with 1:62, 500 scale General Soil Map of
Cmondaga County, New York source mapping.
Cuanritarive Horizonial Positional Accuracy Assessment:
Horizontal _Positional Acewracy Value:
Horizonta! Positonal Accwracy Explanarion:
Vertical Positiona! Accuracy:
Fertical Paositional Accwracy Repori:
uaniitative Vertical Positional_Advenracy Assessmeni:
Vertical Positional Adccwracy Value:
Fertica! Posittonal Accwrvacy Explanarion.
Lineage:
Process_Step:
Hrocess Descripiion,
Created by digitizing the General Soil Map of Onondaga County from the United States
Drepartment of Agriculmire and Soil Conservation Service soil survey. Diginsmp was
done from 1989 to 2001 by a number of graduate students ar State University of New
York College of Environemtnal Science and Forestry using ARC/INFO, The 36" x 46™
1:62,500 scale map covers Onondaga County, New Yark State. The file was then
compared to General Soi1l Map of Onondaga County 1:62 500 on a light table to insure
the quality of digitization and all polyzon labels were checked.
Frocess_Dare: 200105

Spatial Data Organizarion_Information;
Direct Spatial Reference Method: Vector

Spatial Reference Information:
Horizonta! Coardinate Svstem Definition:
FPlanar:
Grid Coordinate System
Geid Coordinate Svstem Name: Universal Transverse Mercator
Universal Transverse Mercator;
UTM Zone Number: 18
Transverse Mereator,
Scale Facror ai Central Meridian:
Lonpitude of Central Meridian:
Latitude of Projection_ Origin!
Fulse Easiing:
Filse Norihing:
Flanar Coordinate Infovmation:
Planar_Coordinate Encoding Method: Coordinate pair
Coordinare_Represeniation:
Abseissa Resolution:
Ordinate Resolution;
Playar Distaonce Unirs: Melers
Geaderic_Model:
Horizonta!_Datum_Name: North American Damm of 1927
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Ellipsaid Name:
Semi-tmajor Axis:
Denominaror_of Flatening Rario:

Dizrrihadion Information:
Distributor:
Contaer_fnformarion;
Contact_Organization Primary:
Contact_Organization: State Universtiy of New York College of Environmental
Scicnce and Forestry
Contact_Position: Mapping Science Labaratory
Con tact Address:
Address_Tvpe: Mailing and physical address
Address: Bray Hall, 1 Forestry Dirive
Ciny: Svracuse
State_or_ Province: New York
Posral Code: 13210
Coumry: LISA
Contact_Voice_Telephone:
Contact_Facsimile_Telephone:
Contact Electronic Mail _Address,
Resource Descriprion: ononsoil
Distribution Linhility: None
Standard Order Process:
Digival Formn:
Ligital Transfer Information:
Formar_Name: ARCE
Digital Transfer Option.
Online Option:
Computer Contact Informarion.
Network Address.
Nerwork Resource Name:
Fees:
Available for free

Metadata Reference_{nformation:
Metadata Dare: 200103
Metadata Conract:
Contact_fnformation
Contact Orpanization_Primarn:
Contact_Organization: Mapping Science Laboratory
Contacr Address:
Address_Tyvpe: Mailing and physical address
Address: Bray Hall, | Forestry Drive
Citv: Syracuse
State_or_Frovince: MNew York
Postal Code: 13210
Counrry: TSA
Conract Voice Telephone.
Contact Faceimile_Telephone,
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Contaet_Electronic_Mail_Address:
Metadata_Standard _Name: FGDC Content Standards for Digital Geospatial Metadata
Metadara Stanidard Version: FGDC-5TD-001-1993

Land Cover

fdentification_fnformation:
Citation:
Ciration_{nformarion:

Originater: US, Geological Survey (USGS)

Purblication_ Dare: 19970101

Title: New York Land Cover Data Set

Edition: 1

Geospatiod Data Presentation Form: raster digital data

FPublication_{nformation:
Publicarion_Place: Stoux Falls, 5D USA
Publisher: 1.5, Geological Survey

(Inline Linkage: htp://edowww.cruses.gov/programs/lecp/mationallandeover himl

Descripiion.,
Abstract:
These data can be used i a geographic information system (G18) for any nember of
purposes such as assessing wildlife habitat, water quality, pesticide runoff, land use
change, cte. The State data sets are provided with a 300 meter buffer beyond the State
border to faciliate combining the State files into larger regions.

{ The user must have a firm understanding of how the datasets were compiled and the

| resulting limitations of these data. The National Land Cover Dataset was compiled from
Landsat satellite T™ imagery (circa 1992) with a spatial resolution of 30 meters and
supplemented by various ancillary data (where available). The analysis and interpretation
of the satellite imagery was conducted using very large, sometimes multi-state image
mosaics (i.e. upto 18 Landsat scenes). Using a relatively small number of aenal
photographs for 'ground wutly’, the thematic interpretations were necessarily conducted
from a spatially-broad perspective. Furthermore, the accuracy assessments (see below)
[Hess correspond to 'Tederal regions’ which are groupings of contigucus States. Thus, the

' reliability of the data 1= greatest at the State or multi-State level. The statistical accuracy
of the data is known only for the region,

Important Caution Advisory
With this in mind, users are cautioned to carefully scrutinize the data to see if they are of
sufficient relizbility before altempling to use the dataser for larger-scale or local analyses.
This evaluation must be made remembering that the NLCD represents conditions in the
early 19905, The New York portion of the NLUCD was created as part of land cover
mapping activities for Federal Region 11 that includes the states of New York and New
Jersey, The NLCD classification contains 21 different land cover categories with a
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spatial resolution of 30 meters. The NLCD was produced as a cooperative cffort between
the U5, Geological Survey (USGS) and the 1.5, Environmental Protection Agency (US
EPA) to produce a consistent, land cover data layer for the conterminous 1.5, using early
19905 Landsat thematic mapper (TM) data purchased by the Multi-resolution Land
Characterization (MRLC) Consortium. The MRELC Consortium is o parmership of
federal agencies that produce or use land cover data. Partners include the USGS
(INational Mapping, Biological Resources, and Water Resources Divisions), US EPA, the
| U.S. Forest Service, and the National Oceanic and Atmospheric Administration.
FPurpose:!
The main objective of this project was to generate a generalized and nationally consistent
land cover data layer for the entire conterminous United States. These data can be used
as a layer in a geographic information system (GIS) for any number af purposes such
assessing wildlife habitat, water quality and pesticide runoff, land use change, etc.
Supplemental Information;
The land cover data files are provided as 2 'Gen-TIFF'(on CDROM) or § bit binary files
(from FTP site). The land cover data sets are single band raster images, The XY corner
coordinates for New York are 1217210/2663820 (projection meters, center of Upper Lefl
paxel).
Time_Period of Content.
Time Period _Informartion.
Range of Dates/Times:
Beginning Dater 1983
Ending Date: 1993
Currenmess Reference: ground conditdon
Srarus;
Progresy: Complets
Maintenance_and_Update Frequency: As needed
Spatral Domain:
Bounding Coordinates:
West Bounding Coordinate: -78.955
Last_Bounding Coordinate: -72.029
North Bownding Coordinare: 45 897
South Bounding Coordinare: 39,989

} Kevwords:
Theme:
Theme _Keyword Thesmirus: None
Theme Kevword: Land Use/Land Cover, Land Management, Land Resources, EDC,
’ EPA, EROS, Imagery, Land Characterization, Land Cover, Landsat, MRLC, Remote

Sensing, Satellite, Space Imaging, USGS
Place:!
| Place Keyword_Thesaurus: U5, Department of Commerce, 1977, Countries,
. dependencies, areas of special sovereignty, and their principal administrative divisions
(Federal Informartion Processing Standard 10-2):; Washington, D.C., National Institute of
Standards and Technology.
Place Keyword: North America, United States of America
Place:
Place Keyword Thesaurus: U.S. Department of Commerce, 1987, Codes for the
identification of the States, the District of Columbia, and the cutlying areas of the Tnited
States and associated areas Federal Information Processing Standard 5-20; Washington,
D.C., National Institute of Standards and Technology,
Place_Keyword: New York, NY
Access Constrainty: None.
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Use_Constraints: None. Acknowledgement of the U.S. Geological Survey would be

appreciated in products derived from these data.

Point_of Contact:

Contact_Information:
Contact_Organization_Primary:
Contact_Organization: U.S. Geological Survey EROS Data Center
Contact_Position: Customer Services Representative
Contact_Address:
Address_Type: mailing and physical address
Address: U.S. Geological Survey, EROS Data Center
City: Sioux Falls
State_or_Province: SD
Postal_Code: 57198
Country: USA
Contact_Voice_Telephone: (605) 594-6151
Contact_TDD/TTY_Telephone: (605) 594-6933
Contact_Facsimile_Telephone: (605) 594-6589
Contact_Electronic_Mail_Address:
CUSTSERV@EDCMAIL.CR.USGS.GOV
Data_Set_Credit: This work was performed by the Raytheon STX Corporation under
U.S. Geological Survey Contract 1434-92-C-40004.

Data_Quality_Information:
Attribute_Accuracy:
Attribute_Accuracy_Report:
An accuracy assessment is done on all NLCD on a Federal Region basis following a
revision cycle that incorporates feedback from MRLC Consortium partners and affiliated
users. The accuracy assessments are conducted by private sector vendors under contract
to the USEPA. A protocol has been established by the USGS and USEPA that
incorporates a two-stage, geographically stratified cluster sampling plan (Zhu et al,,
1999) utilizing National Aerial Photography Program (NAPP) photographs as the
sampling frame and the basic sampling unit. In this design a NAPP photograph is
defined as a 1st stage or primary sampling unit (PSU), and a sampled pixel within each
PSU is treated as a 2nd stage or secondary sampling unit (SSU).

PSU's are selected from a sampling grid based on NAPP flight-lines and photo centers,
each grid cell measures 15' X 15' (minutes of latitude/longitude) and consists of 32
NHAP photographs. A geographically stratified random sampling is performed with 1
NAPP photo being randomly selected from each cell (geographic strata), if a sampled
photo falls outside of the regional boundary it is not used. Second stage sampling is
accomplished by selecting SSU's (pixels) within each PSU (NAPP photo) to provide the
actual locations for the reference land cover classification.

The SSU's are manually interpreted and misclassification errors are estimated and
described using a traditional error matrix as well as a number of other important measures
including the overall proportion of pixels correctly classified, user's and producer's
accuracy's, and omission and commission error probabilities. At the time of CD release
(Summer 2000), the accuracy assessment was not complete. For the Region III accuracy
assessment, please check the NLCD Website: )

http://edcwww.usgs.gov/pro /nati .html. The accuracy
assessment numbers will be posted there around September, 2000.
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While we believe that the approach taken has vielded a very good general land cover
classification product for Region 11, it 15 important o indicate to the user where there
might be some potential problems. The biggest concerns for Region [1 are Listed below:

1} Accurate definition of the transitional barren class was extremely difficult. The
majority of pixels in this class correspond 1o clear-cur forests in various stages of
regrowth. Spectrally, fresh clear-cuts are very similar to row-crops in the leaves-off data.
Manual correction of coding errors was performed to improve differentiation berween
row-crops and clear-cuts, but some errors may sull be found. As regrowth occurs ina
clear-cut region, the definition of transitional barren versus a forested class becomes
problemaric. An attempt was made to classify only fresh clear-cuts or those in the
earliest stages of regrowth, but there are likely forested regions classed as wansitional
barren and vice versa.

2y Due to the confusion between clear-cuts, regrowth in clear-cuts, Forested arcas, and
shrublands, ne attempts were made to populate the shrubland classes, Any shrubland
arcas that exist in this area are classed mn their like forest class, i.e. decidunus shrubland 5
classed as deciduous forest, cte.

Logival Consistency Report:

An unsupervised classification algonithm was used Lo classily the mosaicked muluple leaf-off
TM scenes. Aerial photographs were used ro interprer and label classes into land cover
categories and ancillary dama sources resolved the class confusion. Further land cover
information rom leat-on TM data, NWI data, and ather sources were incorporated to refine
and augment the "basic” classification.

Completeness Report: All phot-interpretable data are mapped.
Paositional Aceuracy:

Lineage:

Hortzamal _Positional _Accuracy:

Haorizontal Positional Accuracy Repart:

Each Landsat Thematic Mapper image used to create the NLCD was precision
terrain-corrected using d-arc-second digital terrain elevation data (DTED), and
veoregistered using ground control points. This resulted in a rool mean square
registration error of less than 1 pixel (30 meters).

Souwrce luformarion:

Source Clration:

Citation {nformarton:
Originator: LS, Geological Survey EROS Data Center
Publication Dare; unknown
firle: Landsat TM™ scene
Geospatial Data Presentation Form: remote sensing images
Publication {nformarion:
Pubiicarion_ Place: Sioux Falls, 5D 37198 USA
Publisher: EROS Data Cenler

Process Srep.

Process Description:

Leand Cover Characterization,

The project s bemng carried out on the basis of 10 Federal Regions that make up the
conterminous United States; each region is comprised of multiple states; cach region
is processed in subregional units that are limited to the area covered by no more than
18 Landsat TM scenes. The general NLCD procedure is to: (1) mosaic subregional
T scenes and classify them using an unsupervised clustering algorithm, (2)
interpret and label the clusters/classes using aenal photographs as reference data, (3)
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resolve the labeling of confused clusters/classes using the appropriate ancillary data
source(s), and (4) incorporate land cover information from other data sets and
perform manual edis to augment and refine the "hasic” classification developed
above.

Two seasonally distinct TMW mosaics are produced, a leaves-on version | summer)
and a leaves-olf (spring/fall) version. 'TM bands 2,4, 5, and 7 are mosaicked for
both the leaves-on and leaves-off versions, For mosaick purposes, a base scene is
selected for each mosaic and the other scenes are adjusted to mimic spectral
properties of the base scene using histogram matching in regions of spatial overlap.
Following mosaicking, either the leaves-off version or leaves-on version Is selected
to he the "hase” for the land cover mapping process. The 4 TW bands of the "base”
mosaic are clustered to produce a single [00-class imase using an unsupervised
clustering aleorithm. Each of the spectrally distinet clusters/classes s then assigned
to one or more Anderson level T and 2 land cover classes using National High
Alutude Photography program (MHAP Jand National Aerial Photography program
{NAPP) aerial photographs as a reference, Almost invariably, individual spectral
clusters/classes are confused between two or more land cover classes.

Separation ol the confused spectral clusters/classes into appropriate WLCD class is
accomplished usmg ancillary data layers. Standavd ancillary data layers include: the
"non-base" mosaic TH bands and 100-class cluster image; derived TM normalized
vegetation index (ND'WI), various TM band ratios, TM date bands; 3-arc second
Dipital Terrain Elevation Data (DTED) and derived slope, aspect and shaded relief]
population and housing density data; USGS land vse and land cover (LUDAY; and
Mational Wetlands Tnventory(WW) data if available. Other ancillary dala sources
may mclude soils data, unigue stale or regional land cover data sets, or data from
other federal programs such as the National Gap Analysis Program [(GAP) of the
USGS BGiological Resources Division (BRD). For a given confused spectral
cluster/class, digital values of the various ancillary data lavers are compared 1o
determine:

(1) which data lavers are the most effective for splitting the confused cluster/class
into the appropriate WLCD class, and {2} the appropriate layer thresholds for making
the split(z). Models are then developed using one o several ancillary data layers o
split the confused cluster/class into the NLCD class. For example, a population
densiry threshold is used 10 separate high-intensity residential areas from
commercial/induserial/transportation,  Or a cluster/class might be confused between
row crop and grasslands, To split this particular cluster/class, a THM NDVI threshold
might be identified and used with an elevation threshold in a class-spliting model ta
make the appropriate NLCD class assignments. A purely spectral example is using
the temporally opposite TM layers to discriminate confused cluster/classes such as
lay pasture vs. row crops and deciduous forests vs. evergreen forests; simple
thresholds that contrast the seasonal differences in vegetation between leaves-on va.
leaves-ofl.

Mot all cluster/class confision can be successfully modeled out. Certam classes such
as urhan/recreational grasses or quarries/soip nunes/gravel pits that are not specirally
unigue require manual editing. These class features are typically visually identified
and then reclassified using on-sereen digitizing and recoding. Other classes such as
wetlonds require the use of specific dara sets such as NWI o provide the most
accurate classification. Arcas lacking NW data are typically subset out and
modeling 15 used to estimate wetlands in these localized areas. The final NLCD
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product resulls from the classification (interpretation and labeling) of the 100-class
"pase” cluster mosate using both automated and manual processes, incorporating
both specrral and conditional data layers. For a more detailed explanation please see
Vogelmann et al. 1998 and Vogelmann et al, 1998,

Dhscussion:

While we believe that the approach taken lias yielded a very good general land cover
classification product lor the naton, it is important to indicate to the user where there
might be some potential problems. The bigrest concerns are listed balow:

L) Some of the Th data sets are not temporally ideal. Leaves-off data sets are
heavily relied upon for discriminating between hay/pasture and row crop, and also
for discriminating between forest classes. The success of discriminating between
these classes using leaves-ofl data sets hinges on the time of data acquisition. When
hay/pasture areas are non-green, they are not sasily distinguishable from other
agricultural areas using remotely sensed data. However, there is a temporal window
during which hay and pasture areas green up before most other vegetation
(excluding evergreens, which have different spectral properties); during this window
these arcas are easily distinguishable [rom other crop arcas. The discrimination
between hay/pasture and deciduous forest is likewise optimized by selecting data ma
temporal window where deciduons vegetation has yet o leal sut. It is dilTicult o
acquire a single-date of imagery {leaves-on or leaves-off) that adequately
differentiates berween both deciduous'hay and pasture and hay pasture/row crop,

2} The data sets used cover a range of years {see data sources), and changes that have
taken place across the landscape over the time period may not have been captured.
While this is not viewed as a major problem for most classes. it is possible that some
land cover feamres change more rapidly than might be expected (e.g. hay one vear,
row crop the nexr).

3) Wetlands classes are extremely difficult to extract from Landsat TM spectral”
wformation alone. The use of ancillary information such as Matonal Wetlands
Inventory (NWI) data 15 highly desirable. We relied on GAP, LUDA, or proximily
to streams and rivers as well as spectral data to delineate wetlands in areas withouwt
WWT data,

4) Separation of natural grass and shrub 1s problematic. Areas observed on the
ground to be shrub or grass are not always distinguishable spectrally. Likewise, there
was often disazreement between LUDA and GAP on these classes,

Acknowledgments
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Survey (Contract 1434-CR-97-CN-40274),
Sowrce_Used Ciration_Abbreviation: Landsat thematic mapper (TM)
Frocess Dare: 19991001
Frocess_Cantact.
Comtact _Information.
Contact_ Organization. Primary:
Cantact_Organization: U.S. Geological Survey ERDS Data
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Contact_Pasition: Customer Services Representative
Conract_Addreys:

Address Tvpe: mailing and phyvsical address
Address. 115, Geological Survey EROS Darta Center

Cire: Sioux Falls

State_or_Province: SD

Posral Code: 57198

Country: USA

Contact Volce Telephone: (603) 394 - 6351

Contact_ TOVTTY Telephone: (605) 394 - 6933

Conracr_Faesimile Telephone: (603) 394 - 6389

Contact_Flecironic Mail Address:
CUSTSERV@EDCMAIL CR.USGS.GOV

Spatial Data Organization_{nformation:
Direct Spatial Reference Method: raster
Raster Object Informarion:
Raster Ohject Type: Grid Cell
Row Cawunt: 17453
Column_ Count: 23005
Vertical Couni: 1

Spatial Reference Information:
Horizontal Coordinate Svetem Definition.
FPlanar:
Map Profection:
Map Projection Name: Albers Conical Equal Area
Albers Conical Egual Area:
Standard Paraflel: 295
Standard Parallel: 455
Longitude of Central Meridian: -96.0
Latitude of Projection Origin: 23,0
Fualse Fasting: 0
False Northing: 0
Planar Coordingre_Informoation;

Planar_Coordinate Encoding Method: row and column

Coordinate_Representation:
Abscissa_Resolution: 30.0
Ordinate Resolution: 30.0
Planar Distance Units: meters
Creodetic_Model:

Horizonta! _Datum Name: North American Datum 1983
Fllipsoid Nume: Geographic Relerence System 30

Semi-muajor_Axis: 0378137
Denominator_of Flamening Rario: 295257
Enrivy and Auribure Information:
Chverview Description:
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Entity and Atrribute Cheerview,
NOTE - All classes may NOT be represented in a specific state data set, The class
number represents the digitml value of the class in the data set,

Water
11 Open Water
12 Perennial Iee/Snow

Developed

21 Low Intensity Residential

22 High Intensity Residential

23 Commercial Tndustrial Transportation

Barren

31 Bare Rock/Sand/Clay

32 Cuarries/Strip Mines/Gravel Pits
33 Transitional

Vegetated; Natural Forested Upland
41 Deciduous Forest

42 Evergreen Forest

43 Mixed Forest

Shrubland
A1 Shrubland

Mon-natural Woody
61 OrchardsVineyards/Other

Herbaceous Upland
71 Grasslands/Herbaceous

Herbaceous Planted/Cultivated
31 Pasture/Hay

82 Row Crops

83 Small Grains

&4 Fallow

83 Urban/Becreational Grasses

Wetlands
01 Woody Wetlands
92 Emergent Herbaceous Weltlands

NLCD Land Cover Classification System Land Cover Class Definitions:
Water - All areas of open warter or permanent ice/snow cover,

11. Open Water - areas of open water, generally with less
than 25 percent or greater caver of water (per pixel)

12, Perennial lee/Snow - All areas characterized by year-long

cover of ice and/or snow,
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Developed - areas characterized by high percentage (approximately
30% or greater) of constructed materials (¢.g. asphalt, concrete,
buildings, etc).

21. Low Intensity Residential - Includes areas with a mixture of
constructed materials and vegetation. Constructed materials account
for 30-80 percent of the cover. Vegetation may account for 20 to 70
percent of the cover. These areas most commonly include single-family
housing units. Population densities will be lower than in high intensity
residential areas.

22. High Intensity Residential - Includes heavily built up urban
centers where people reside in high numbers. Examples include
apartment complexes and row houses. Vegetation accounts for less
than 20 percent of the cover. Constructed materials account for
80-100 percent of the cover.

23. Commercial/Industrial/Transportation - Includes infrastructure
(e.g. roads, railroads, etc.) and all highways and all developed areas
not classified as High Intensity Residential.

Barren - Areas characterized by bare rock, gravel, sad, silt, clay, or
other earthen material, with little or no "green" vegetation present
regardless of its inherent ability to support life. Vegetation, if
present, is more widely spaced and scrubby than that in the
"green" vegetated categories; lichen cover may be extensive.

31. Bare Rock/Sand/Clay - Perennially barren areas of bedrock, desert,
pavement, scarps, talus, slides, volcanic material, glacial debris, and
other accumulations of earthen material.

32. Quarries/Strip Mines/Gravel Pits - Areas of extractive mining
activities with significant surface expression.

33. Transitional - Areas of sparse vegetative cover (less than 25
percent that are dynamically changing from one land cover to

another, often because of land use activities. Examples include

forest clearcuts, a transition phase between forest and agricultural land,
the temporary clearing of vegetation, and changes due to natural causes
(e.g. fire, flood, etc.)

Forested Upland - Areas characterized by tree cover (natural or
semi-natural woody vegetation, generally greater than 6 meters tall);
Tree canopy accounts for 25-100 percent of the cover.

41. Deciduous Forest - Areas dominated by trees where 75 percent
or more of the tree species shed foliage simultaneously in response to
seasonal change.

42. Evergreen Forest - Areas characterized by trees where 75 percent
or more of the tree species maintain their leaves all year. Canopy is
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never without green foliage.

43. Mixed Forest - Areas dominated by trees where neither
deciduous nor evergreen species represent more than 75 percent
of the cover present.

Shrubland - Areas characterized by natural or semi-natural woody
vegetation with aerial stems, generally less than 6 meters tall

with individuals or clumps not touching to interlocking. Both evergreen
and diciduous species of true shrubs, young trees, and trees or shrubs
that are small or stunted because of environmental conditions are
included.

51. Shrubland - Areas dominated by shrubs; shrub canopy accounts
for 25-100 percent of the cover. Shrub cover is generally greater

than 25 percent when tree cover is less than 25 percent. Shrub cover
may be less than 25 percent in cases when the cover of other life forms
(e.g. herbaceous or tree) is less than 25 percent and shrubs cover
exceeds the cover of the other life forms.

Non-natural Woody - Areas dominated by non-natural woody

vegetation; non-natural woody vegetative canopy accounts for

25-100 percent of the cover. The non-natural woody classification

is subject to the availability of sufficient ancillary data to

differentiate non-natural woody vegetation from natural woody vegetation.

61. Orchards/Vineyards/Other - Orchards, vineyards, and other areas
planted or maintained for the production of fruits, nuts, berries, or
ornamentals.

Herbaceous Upland - Upland areas characterized by natural or
semi- natural herbaceous vegetation; herbaceous vegetation
accounts for 75-100 percent of the cover.

71. Grasslands/Herbaceous - Areas dominated by upland grasses
and forbs. In rare cases, herbaceous cover is less than 25 percent,
but exceeds the combined cover of the woody species present.
These areas are not subject to intensive management, but they are
often utilized for grazing.

Planted/Cultivated - Areas characterized by herbaceous vegetation
That has been planted or is intensively managed for the production

of food, feed, or fiber; or is maintained in developed settings for
specific purposes. Herbaceous vegetation accounts for 75-100 percent
of the cover.

81. Pasture/Hay - Areas of grasses, legumes, or grass-legume mixtures
planted for livestock grazing or the production of seed or hay crops.

82. Row Crops - Areas used for the production of crops, such
as com, soybeans, vegetables, tobacco, and cotton.
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83. Small Grains - Areas used for the production of graminoid
crops such as wheat, barley, oats, and rice

84. Fallow - Areas used for the production of crops that are
temporarily barren or with sparse vegetative cover as a result of
being tilled in a management practice that incorporates prescribed
alternation between cropping and tillage.

85. Urban/Recreational Grasses - Vegetation (primarily grasses) planted
in developed settings for recreation, erosion control, or aesthetic
purposes. Examples include parks, lawns, golf courses, airport grasses,
and industrial site grasses.

Wetlands - Areas where the soil or substrate is periodically saturated
with or covered with water as defined by Cowardin et al.

91. Woody Wetlands - Areas where forest or shrubland vegetation
accounts for 25-100 percent of the cover and the soil or substrate
is periodically saturated with or covered with water.

92. Emergent Herbaceous Wetlands - Areas where perennial
herbaceous vegetation accounts for 75-100 percent of the cover
and the soil or substrate is periodically saturated with or covered
with water.

Entity_and_Attribute_Detail_Citation:
NLCD Regional Land Cover Classification System Key Rev. 07/99

Distribution_Information:

Distributor:

Contact_Information:

Contact_Organization_Primary:

Contact_Organization: U.S. Geological Survey, EROS Data Center
Contact_Position: Customer Services Representative
Contact_Address:

Address_Type: mailing and physical address

Address: Sioux Falls

City: SD

State_or_Province: SD

Postal_Code: 57198

Country: USA
Contact_Voice_Telephone: 605-594-6551
Contact_TDD/TTY_Telephone: 605-594-6933
Contact_Facsimile_Telephone: 605-594-6589
Contact_Electronic_Mail_Address: custserv@edcmail.cr.usgs.gov

Resource_Description: New York Land Cover
Distribution_Liability:
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Although these data have been processed successfully on a computer system at the USGS, no
warranty expressed or implied is made by the USGS regarding the use of the data on any other
system, nor does the act of distribution constitute any such warranty.
Standard_Order_Process:
Digital_Form:
Digital_Transfer_Information:
Format_Name: GeoTIFF
Format_Information_Content:
GeoTIFF is a standard for storing georeference and geocoding information in a TIFF
6.0 compliant raster file (uncompressed). Transfer_Size: 401.6 MB
Digital_Transfer_Option:
Offline_Option:
Offline_Media: Compact Disc-Read Only Memory (CD-ROM)
Recording_Format: 1SO 9660
Fees: Current prices for the GEOTIFF NLCD data sets on CD-ROM are $32.00 + $5.00 for
shipping. Fees are subject to change. Call 1-888-ASK-USGS for current prices.

Ordering_Instructions: NLCD data may be obtained in the following ways:

1. Contacting the nearest Digital Cartographic Data Business Partner
(GeoTIFF CD-ROM products only). A list of the Business Partners
is available at: http://mapping.usgs.gov/www/partners/bpmain.html;
2. Calling 1-888-ASK-USGS ‘

3. Ordering online via the USGS Global Land Information System at:
http://edcwww.cr.usgs.gov/Webglis/

Users of the Global Land Information System should search under the
Land Cover category.

4. Visiting and ordering online through the NLCD availability page
at: http://edcwww.cr.usgs.gov/programs/lccp/mricreg.html

Technical_Prerequisites:
Geo-TIFF viewing software. Some examples are ESRI's ARC/EXPLORER and
USGS's DLGV32. The DLGV32 viewer is available free for download at
the MidContinent Mapping Center web site (http://mcmcweb.er.usgs.gov/).
Digital image processing software or geographic information system
software is required to analyze or otherwise manipulate the data.

Metadata_Reference_Information:
Metadata_Date: 19991001
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: U.S. Geological Survey, EROS Data Center
Contact -Position: Customer Services Representative
Contact_Address:

Address_Type: mailing and physical address
Address: U.S. Geological Survey EROS Data Center
City: Sioux Falls
State_or_Province: SD
Postal_Code: 57198
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Countre: USA
Contact_Voice Telephone: 605-394-6551
Contact TDOD/TTY Telephone: 005-394-60933
Contact_Facsimile_Telephone: 605-594-6589
Contact_Electronic_Mail_Address: custservidedemail.cr.usgs.gov
Metadara_Standard_Name,
Federal Geographic Data Committee. Content standard for digital
peospatial metadata (revised June 1998). Federal Geographic Data
| Committee, Washington, D.C,
| Metadata Standard Version: FGDC-STD-001-1998
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Digital Elevation Model

Identification_Information.
Citation:
Citation_Information:
Originator: U.S. Geological Survey
Publication_Date: 19790701
Title: 7.5 minute Digital Elevation Models
Geospatial_Data_Presentation_Form: map
Publication_Information:
Publication_Place: Reston, VA
Publisher: U. S. Geological Survey
Description:
Abstract:
Digital Elevation Model (DEM) is the terminology adopted by the USGS to describe terrain
clevation data sets in a digital raster form. The standard DEM consists of a regular array of
elevations cast on a designated coordinate projection system. The DEM data are stored as a
series of profiles in which the spacing of the elevations along and between each profile is in
regular whole number intervals. The normal orientation of data is by columns and rows.
Each column contains a series of elevations ordered from south to north with the order of the
columns from west to east. The DEM is formatted as one ASCII header record (A- record),
followed by a series of profile records (B- records) each of which include a short B-record
header followed by a series of ASCII integer elevations per each profile. The last physical
record of the DEM is an accuracy record (C-record).

7.5-minute DEM (30- by 30-m data spacing, cast on Universal Transverse Mercator (UTM)
projection). Provides coverage in 7.5- by 7.5-minute blocks. Each product provides the same
coverage as a standard USGS 7.5-minute quadrangle without over edge. Coverage is for the
Contiguous United States, Hawaii, and Puerto Rico.

Purpose:
DEM's can be used as source data for digital orthophotos, and, as layers in geographic
information systems, for earth science analysis. DEM's can also serve as tools for volumetric
analysis, for site location of towers, or for drainage basin delineation. These data were
collected as part of the National Mapping Program.

Supplemental_Information:
7.5-minute DEMs have rows and columns which vary in length and are staggered. The UTM
bounding coordinates form a quadrilateral (no two sides are parallel to each other), rather than
a rectangle. The user will need to pad out the uneven rows and columns with blanks or
flagged data values, if a rectangle is required for the user’s application. Some software
vendors have incorporated this function into their software for input of standard formatted
USGS DEMs.

Time_Period_of Content:
Time_Period_Information:
Range_of Dates/Times:
Beginning_Date: 19790701
Ending_Date: Present
Currentness_Reference: ground condition
Status:
Progress: In work
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Maintenance_and_Update_Frequency: Irregular
Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: -124.7333
East_Bounding_Coordinate: -067.9500
North_Bounding_Coordinate: 49.3833
South_Bounding_Coordinate: 24.5333
Keywords:
Theme:
Theme_Keyword_Thesaurus: none
Theme_Keyword: DEM, digital elevation model, digital terrain model, hypsography, altitude,
height, contour line, digital contours
Place:
Place_Keyword_Thesaurus:
U.S. Department of Commerce, 1977, Countries, dependencies, areas of special
sovereignty, and their principal administrative divisions (Federal Information Processing
Standard 10-3):Washington, D.C., National Institute of Standards and Technology.
Place_Keyword: US, CA, MX,
Place_Keyword_Thesaurus:
U.S. Department of Commerce, 1987, Codes for the identification of the States, the
District of Columbia and the outlying areas of The United States, and associated areas
(Federal Information Processing Standard 5-2): Washington, D. C., National Institute of
Standards and Technology.
Place_Keyword: FIPS code of State or Province
Place_Keyword_Thesaurus:
U.S. Department of Commerce,1990, Counties and equivalent entities of The United
States, its possessions, and associated areas (Federal Information Processing Standard 6-
4): Washington, D.C. National Institute of Standards and Technology.
Place_Keyword: FIPS code for county or counties.
Access_Constraints: None _
Use_Constraints: None. Acknowledgement of the U.S. Geological Survey would be
appreciated in products derived from these data.

Data_Quality Information:
Attribute_Accuracy:
Attribute_Accuracy_Report:
The accuracy of a DEM is dependent upon the level of detail of the source and the grid
spacing used to sample that source. The primary limiting factor for the level of detail of the
source is the scale of the source materials. The proper selection of grid spacing determines
the level of content thatmay be extracted from a given source during digitization.
Logical_Consistency_Report:
The fidelity of the relationships encoded in the data structure of the DEM are automatically
verified using a USGS software program upon completion of the data production cycle. The
test verifies full compliance to the DEM specification.
Completeness_Report:
The DEM is visually inspected for completeness on a DEM view and edit system for the
purpose of performing a final quality control and if necessary edit of the DEM. The physical
format of each digital elevation model is validated for content completeness and logical
consistency during production quality control and prior to archiving in the National Digital
Cartographic Data Base. Due to the variable orientation of the quadrilateral in relation to the
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Universal Transverse Mercator (UTM) projection grid, profiles that pass within the bounds of
the DEM quadrilateral, may be void of elevation grid points, and are not represented in the
DEM. This condition occurs infrequently and is always the first or last profile of the dataset.

Level 2 DEM: Level 2 DEM's may contain void areas due to interruptions to contours in the
source graphic or DLG. Void area elevation grid posts are assigned the value of -32,767. In
addition, suspect elevation areas may exist in the DEM but are not specifically identified.
Suspect areas can be located on the source graphic as a "disturbed surface, " symbolized by
contours overprinted with photorevised or other surface patterns.
Positional_Accuracy:
Horizontal_Positional_Accuracy:
Horizontal_Positional_Accuracy Report:
The horizontal accuracy of the DEM is expressed as an estimated root mean square
error (RMSE). The estimate of the RMSE is based upon horizontal accuracy tests of
the DEM source materials which are selected as equal to or less than intended
horizontal RMSE error of the DEM. The testing of horizontal accuracy of the source
materials isaccomplished by comparing the planimetric (X and Y) coordinates of
well-defined ground points with the coordinates of the same points as determined
from a source of higher accuracy.
Vertical_Positional_Accuracy:
Vertical_Positional_Accuracy_Report:
The vertical RMSE statistic is used to describe the vertical accuracy of a DEM,
encompassing both random and systematic errors introduced during production of
the data. The RMSE is encoded in element number 5 of record C of the DEM.
Accuracy is computed by a comparison of linear interpolated elevations in the DEM
with corresponding known elevations. Test points are well distributed, representative
of the terrain, and have true elevations with accuracies well within the DEM
accuracy criteria. Acceptable test points include, in order of preference: field
control, aerotriangulated test points, spot elevations, or points on contours from
existing source maps with appropriate contour interval. A minimum of 28 test points
per DEM_ is required to compute the RMSE, which is composed of a single test using
20 interior points and 8 edge points. Edge points are those which are located along,
at, or near the quadrangle neatlines and are deemed by the editor to be useful to
evaluating the accuracy of the edge of the DEM. Collection of test point data and
comparison of the DEM with the quadrangle hypsography are conducted by the
quality control units within the USGS.

There are three types of DEM vertical errors; blunder, systematic and random.
These errors are reduced in magnitude by editing but cannot be completely
eliminated. Blunder errors are those errors of major proportions and are easily
identified and removed during interactive editing. Systematic errors are those errors
that follow some fixed pattern and are introduced by data collection procedures and
systems. These error artifacts include: vertical elevation shifts, misinterpretation of
terrain surface due to trees, buildings and shadows, and fictitious ridges, tops,
benches or striations. Random errors result from unknown or accidental causes.

DEM's are edited to correctly depict elevation surfaces that correspond to water
bodies of specified size.

Level 1 DEM: A RMSE of 7-meters or less is the desired accuracy standard. A
RMSE of 15-meters is the maximum permitted. A 7.5-minute DEM at this level has
an absolute elevation error tolerance of 50 meters (approximately three times the 15
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meter RMSE) for blunder errors for any grid node when compared to the true
elevation. Any array of points in the DEM can not encompass more than 49
contiguous elevations in error by more than 21 meters (three times the 7-meter
RMSE). Systematic errors that are within stated accuracy standards are tolerated

Level 2 DEM: A vertical RMSE of one-half of the contour interval, determined by
the source map, is the maximum permitted. Systematic errors may not exceed one
contour interval, determined by the source map, is the maximum permitted.
Systematic errors may not exceed one contour interval specified by the source
graphic. Level 2 DEMs have been processed or smoothed for consistency and edited
to remove identifiable systematic errors.

Lineage:

Source_Information:
Source_Citation.
Citation_Information:
Originator: U.S. Geological Survey
Publication_Date: Unknown
Title: digital contour lines
Geospatial Data_Presentation_Form. map
Publication_Information:
Publication_Place: Reston, VA
Publisher: U.S. Geological Survey
Type_of _Source_Media: magnetic tape
Source_Time_Period_of Content:
Time_Period_Information:
Range_of Dates/Times:
Beginning_Date: 19790701
Ending_Date: Present
Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation. CONTOUR1
Source_Contribution:
hypsographic vector information which is interpolated to regular grid posts to form DEM
grids in 30- by 30- meter UTM data spacing within the 7.5 minute DEM bounds.

Source_Information.
Source Citatior
Citation_Information:
Originator: U.S. Geological Survey
Publication_Date: Unknown
Title: photo ID number
Geospatial_Data_Presentation_Form: remote-sensing image
Publication_Information: ‘
Publication_Place: Reston, VA
Publisher: U.S. Geological Survey
Type_of Source_Media: transparency
Source_Time_Period_of Content:
Time_Period_Information:
Range_of Dates/Times:
Beginning_Date: Unknown
Ending_Date: Present
Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation: PHOTO1
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Source_Contribution: elevation values

Source_Information:
Source_Citation:
Citation_Information:
Originator: U.S. Geological Survey
Publication_Date: Unknown
Title: project control
Geospatial_Data_Presentation_Form: map
Publication_Information:
Publication_Place: Reston, VA
Publisher: U.S. Geological Survey
Type_of Source_Media: magnetic tape
Source_Time_Period_of Content:
Time_Period_Information:
Range_of Dates/Times:
Beginning Date: Unknown
Ending Date: Present
Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation: CONTROL1
Source_Contribution: ground control points

Process_Step:
Process_Description:
The production procedures, instrumentation, hardware and software used in the collection
of standard U. S. Geological Survey (USGS) Digital Elevation Models (DEM's) vary
depending on systems used at the contractor, cooperator or National Mapping Division
(NMD) production sites. This process step describes, in general, the process used in the
production of standard USGS DEM datasets.

Level 1 DEM: Level 1 DEM's are acquired photogrammetrically by manual profiling or
image correlation techniques from National Aerial Photography Program (NAPP) or
equivalent source photographs. Level 1 30-minute DEM's may be derived or resampled
from level 1 7.5-minute DEM's,

Level 2 DEM: Level 2 DEM's are produced by converting 1:24,000-scale and 1:100,000-
scale hypsography digital line graph (DLG) data to DEM format or the DEM's are
generated from vector data derived from scanned raster files of USGS 1:24.000-scale or
1:100,000-scale map series contour separates.

Level 3 DEM: Level 3 DEM's are created from DLG data that has been vertically
integrated with all categories of hypsography, hydrography, ridge line, break line, drain
files and all vertical and horizontal control networks. The production of level 3 DEMs
requires a system of logic incorporated into the software interpolation algorithms that
clearly differentiates and correctly interpolates between the various types of terrain, data
densities and data distribution.

Water body editing: DEM surface areas corresponding to water bodies are flattened and
assigned map specified or estimated surface elevations. Water body areas are defined as
ponds, lakes, and reservoirs that exceed 0.5 inches at map scale and double line drainage
that exceeds 0.25 inches at map scale. Water body shorelines are derived either from a
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hypsographic DLG or by interactive delineation from 1:24,000-scale or 1:100,000-5cale
US0s map senies.

Edge matching: DEM datasets within a project area (consisting of a number of adjacent
files) are edge matched to assure terrain surface continuity between files. Edge matching
i3 the process of correcting adjacent elevation values along common edges, The
abjective of edge matching is to create more accurate terrain representations by
correcting 1he alipnment of ridges and drains, and overall topographic shaping within an
approximately 253-30 row or column grid post zone on both edges.

Quality control: DEM's are viewed on interactive editing sysiems to identify and correct
blunder and systematic errors. DEM's are verified for physical format and logical
consistency at the production centers and before archiving in the National Digital
Cartographic Data Base (NDCDBE) utilizing the Digital Elevation Model Verification
System {DVS) software.
Source Used Cirarion_dbbreviation: CONTOURL, PHOTOL, CONTROL1
Process Dare: Unknown

Spatial_Data_Organization_Tnformation:
Direct Spatial Reference Method: raster
Raster Object Information:

Rasrer Obfect Tyvpe: arid cell

Spatial Reference Information:
Horizontal Coordinaie Svstem Definition:
Planar:
Grid_Coordinate Sysiem:
Grid_Coordinate Systems Name: Universal Transverse Mercator
Universal Tronsverse Mercator:
LT Zone Number: 10-19
Transverse_Mercator:
Scale Factor at Central Meridian: 9996
Longitude of Central Meridian: -123 00 00
Latitnde of Projection Crigin: 0.0
False Fasting: 300000
Fulse Northing: 0.0
Planar Coordinate Informarion:
Planar Coordinare Encoding Method: row and column
Coardinate Representation,
Abyoisya Resolution, 30
Crdinare Resolution: 30
FPlanar Distance Linits: meters
Creodetic Model:
forizontad Dot Name: Worth American Datum 1927
Ellipsoid Name: Clark 1866
Semi-major_Axis: 63782064
Depaminator_of Flattening Rario; 294 9787
Vertical Coordinate Svsterm Definition:
Aftinude_Svstern_Definition:
121



Altitude_Datum_Name: National Geodetic Vertical Datum of 1929
Altitude_Resolution: 1
Altitude_Distance_Units: feet or meters
Altitude_Encoding_Method: explicit elevation coordinate included with horizontal
coordinates

Distribution_Information:
Distributor:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: Earth Science Information Center,
U.S. Geological Survey
Contact_Address:
Address_Type: mailing address
Address: 507 National Center
City: Reston
State_or_Province: Virginia
Postal_Code: 20192
Contact_Voice_Telephone: 1-888-ASK-USGS
Hours_of Service: 0800-1600
Contact_Instructions: ‘
In addition to the address above there are other ESIC offices
throughout the country. A full list of these offices is at
http://mapping.usgs.gov/esic/esic_index.html

Resource_Description: 7.5-minute digital elevation models
Distribution_Liability:

Although these data have been processed successfully on a
computer system at the U.S. Geological Survey, no warranty
cxpressed or implied is made by the Geological Survey
regarding the utility of the data on any other system, nor shall
the act of distribution constitute any such warranty. USGS will
warrant the delivery of this product in computer-readable
format. and will offer appropriate adjustment of credit when
the product is determined unreadable by correctly adjusted
computer input peripherals, or when the physical medium is
delivered in damaged condition. Requests for adjustments of
credit must be made within 90 days from the date of this
shipment from the ordering site.

Standard_Order_Process:
Digital Form:
Digital_Transfer_Information:
Format_Name: DEM
Format_Information_Content:
USGS standard DEM.
The standard USGS DEM can be described as an ASCII formatted
elevation file preceded by a metadata header file which consists of
one 1024 byte ACSI record.
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The online copy of the data set (when availahle electronically) may
be accessed without charge. For cartridoe, cassette, and CD-ROM the

costs are available at hitp:ede usgs gov/plishyperforder_info/prices#7 MIN DEM
Ordering Instructions:

Dataset searching and ordering capabilities are available through the
(Global Land Information System (GLIS) at hitp:/ede uses goviwebglis

Meradaia Reference Information:
Meradara_ Date: 199301
Meradara Comtact:
Conract_nformation:
Contfact_Organization Primarne:
Contact Organization: U.S. Geological Survey
Connael_Address:
Address Tyvpe: mailing address
Address: 508 National Center
Cine: Reston
State_or_Province: VA
Paostal Code: 20192
Contact Voice Telephone: 703 648 4343

Metadara Standard Mame: Content Standards for Digital Geospatial Metadata
Metadata Standard Version: 19940608

Metadara_Security. Information:
Metadata Security Classificanion Svstem Mone
Meradara_ Security Classification: Unclassilied
Meradata Security Hundling Deseription: None
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Hydrography
ldentification_{nformarion:
Cliafion:
Citation_{nformation,

Originator: New York State Department of Transportation

Publication Date: 199906

Title: NYSDOT Region 3 Hyvdrography

Edition:

Geospatio!_Darta Presentation_Form: Map

Fublication_Information:
Publication_Place: Albany, New York
Publisher: New York State Department of Transportation, Mapping and GIS
Online Linkage: <http:/www nyseis.state.nv. us/gisinventories/doL him=

Dreseriplion;
Abstract:
Contains hydrographic features represented by lines and polygons in NYSDOT Region 3.
Purpose:
A detailed hydrography layer suitable for use in GIS as well as the published NYSDOT
County Base Maps.
Supplemental_Information:
1:100,000 scale. Zone 18 of the UTM grid/projection system (Zone 18 is extended to cover
Mew York State entirely in a single grid zone),
Time Period_of Content:
Time Period Information:
Range of Dates/Times:
Beginning Dare: 1994
Ending Dute: present
Currentness_Reference: Publication date
Stams:
Frogress: Complete
Maintenance_and _Update_Frequency: As needed
Spatial Domain:
Bounding Coordinares.
West Bounding Coordinate: 76,98
Easi Bounding Coordinate: 75,73
North_Bounding Coordinate: 43,82
South_Bounding Coordinate: 42.26
Kevwords:
Theme:
Theme Keyword_Thesaurus: NYS GIS Clearinghouse categories
Theme Keyword: Hydrography, environment
Theme:
Theme Revword Thesanrvs:
Theme Kevivord:
Cayuga Lake, Erie Canal, North Pond, Lake Ontario, Onecida Lake, Oneida River,
Onondaga Lake, Oswego River, Otisco Lake, Owasco Lake, Salmon River Reservoir,
Seneca Lake, Seneca River, Skaneatelss Lake, bay, brook, canal, coastline, creck, dam,
istand, lake, pond, rapids, reservoir, river, stream. swamp, waterfall
Place:
Place Kevword Thesauras: None
lace_ Keyword:
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NYSDOT Region 3, Cayuga County, Cortland County, Onondaga County, Oswego
County, Seneca County, Tompkins County.
Access_Constraints:
Data is copyright protected, a signed license is required or access through the New York State GIS
‘Data Sharing Cooperative.
Use_Constraints:
May not be redistributed, commercial use is prohibited with out special license arrangements
Browse_Graphic:
Browse_Graphic_File_Name: Not applicable
Browse_Graphic_File_Description: Not applicable
Browse_Graphic_File_Type: Not applicable
Native_Data_Set_Environment: ARC/INFO

Data_Quality Information:
Logical_Consistency Report: Topologically clean
Completeness_Report:
Linework consists of linear hydrography features and water body outlines. All streams or
rivers at least one mile in length are shown. Streams or rivers greater than 200 feet wide for at
least 0.5 miles are shown with double lines representing the shorelines. All open water bodies
greater than 500 feet in the shortest dimension are shown. Various other hydrographic
features such as rapids, waterfalls, dams, locks, canals, and aqueducts are identified and
shown. Swamps greater than 2,000 feet in the shortest dimension are represented by polygons
(no swamp symbology is shown). Islands must have dimensions greater than 100 feet by 300
feet to be shown. All hydrography features labeled on either the NYSDOT 1:75,000 scale
County Base Maps (where available) or the NYSDOT 1:250,000 scale 4 sheet State Base Map
are attributed in the file with the proper name. Linework is attributed with the following:
identifying level, general category of feature, type of feature, proper name of hydrography
feature (if available), source, grade separation and date of last feature modification. Polygons
and their associated label points are attributed with: identifying level, general category of
feature, type of feature, and proper name of hydrography feature (if available). ARC/INFO
region subclasses (collections of polygons) are included for all water features
(REGION.WATER), islands and incidental polygons (REGION.LAND) and swamps and
land subject to inundation (REGION.WETLAND) classifications. The region subclasses are
attributed with: identifying level, general category of feature, type of feature, and proper name
of hydrography feature (if available).
Positional_Accuracy:
Horizontal_Positional_Accuracy:
Horizontal _Positional_Accuracy Report:
Digital data is tested by visual comparison with NYSDOT 1:24,000 scale
Quadrangle source mapping and/or aerial photography.
Quantitative_Horizontal_Positional_Accuracy_Assessment:
Horizontal_Positional_Accuracy_Value: 50.80
Horizontal _Positional_Accuracy Explanation: No quantitative tests
Vertical_Positional_Accuracy:
Vertical_Positional_Accuracy_Report: Not applicable
Quantitative_Vertical_Positional_Accuracy_Assessment:
Vertical_Positional_Accuracy_Value: 0
Vertical_Positional_Accuracy Explanation: Not applicable
Lineage:
Process_Step:
Process_Description.
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Created by merging the USGS 30' x 60' 1:100,000 scale Digital Line Graphs (DLG) that
cover Mew York State. The merged files were then reformatted and reclassified to the
same standards as the existing County Base Map (CBM) hydrography files. Whers CBM
hydrography files exist, the DLG alignments were clipped out and replaced with the more
up-to-date CTBM files (also originally derived from 1: 100,000 scale DLG files). The file
was then compared to NYSDOT 1:24,000 scale quadrangles, and missing hydrography
features were "heads up'digitized from the raster quadrangle backdrops. Hydography
alignments that follow civil boundaries have been clipped out and replaced with 1:24,000
scale boundary alignments to ensure clean vertical integration with the boundary
layer. The file was also edge matched at the 7.5' x 7.5 quadrangle edges and along county
boundaries where CBM Hydrography files replaced the DLG alignments. The file was
converted from a CADD format to a GIS coverage as of the Process Date. Polygon
topology was created on the GIS coverage and all polygons and linework were attributed
with category and feature. All hydrography features labeled on either the published
NYSDOT 1:75,000 scale County Base Maps (where available) or the 1:230,000 scale 4
sheet State Base Map were altributed in the file with their proper name. Three separate
ARC/NFO region subclasses were created based on polyzon atiributes to easily
differentiate between land, water, and wetland polygons.

Process Date: 199805

Spatial Data Organization nformation:
Direct Sparial Reference Method: Vector

Spatial_Reference_Information:
Horizoma! Coordinate Svstem Definition.
Planar:
Grid Coordinate System:
Grid Coordinate Systermt Name: Universal Transverse Mercator
Universal_Transverse _Mercator:
UTM Zone Number: 18
Transverse_Mercator:
Scale_Factor_ar_Central Meridian: 0,99
Longitude_of Central_Meridian: -75.00
Latitude_of Projection_Origin: 0.00
False Easting: 500000.0
Falve Northing: 0,00
Planar Coardinate_Information:
Flanar_Coordinate_Encoding_Method: Coordinate pair
Coardinate_Represeniation:
Abscissa Resolution: 0,61
Ordinate Resolution: 0.61
Flanar Distance_Units; Meters
Geodetic Model:
Horizontal_Datum_Name: North American Datum of 1927
Ellipsoid_Name: Clarke Ellipsoid of 1866
Semi-major Axiz: 6378206.40
Denominator_of Flattening Ragio: 294,98
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Diseribution Information:
Distribntor:
Contact_Information:
Contfact Organization Primary.
Contact Organization: New York State Deparnment of Transportation, Mapping and

Gls
Contact Postrion: Map Information Unit
Comn tact_Address:

Aeldlress_Tvpe: Mailing and physical address
Address: State Office Campus, 4-103
it Albany
State or Province: New York
Paostal Code: 12232-0415
Country: USA
Contaer Vaoice Telephone: (518) 485-1428
Contfact Facsimile Telephone: (318) 453-18240
Contact Electronic Mail Address: mapinfol@pw. dot state. ny.us
Resource Description: e3hyd
Diistribution Lighilitv: None
Standard Order Process:
Digital Form:
Digital Transfer Information:
Format Name: ARCE
Digirad Transfer Oprion:
Online Option:
Computer Contact Information:
Network Address:
Network Resowrce_Name:
<httpy fwww nyseis state.nv us/eisfinventories/dot.hm=

Fees:
Available for free electronic download to members of the NY3S GIS Data Sharing
Cooperative through the NYS GIS Clearinghouse <http:/www.nvsgis. state. ny us/gis=,

Meradara Reference [nformation:

Meradara Dare: 199906
Meradata Cantaci:
Contact_{nformation:
Contact_Organization_Primary:
Contact Organization: Map Information Unil
Contact_Address:
Adddress Type: Mailing and physical address
Address - State Office Campus, 4-105
Cine: Albany
State or Province: New York
Postal Code: 12232-04135
Country: USA
Contact_Voice_Telephone: (318) 455-1428
Contact_Facsimile_Telephone: (518) 483-1820
Contact_Electronic_Mail _Address: mapinfol@ow.dot.siate.ny.us
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Meradata Standard Name: FGDC Content Standards for Digital Geospatial Metadata
Metadata_Standard Version; FGDC-8TD-001-15993
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Watersheds

Identification_Information:
Citation:
Ciratton_Informarion:
Originator: Les Monostory, Onondaga County Department of Health, [saac Walton
League
EPublication Date:
Title; Onondaga County Dirainage Basing
Edition:
Geospatial_Data_Presentation_Form: Map
Publication nformation.
Publication_Pluce: Syracuse, New York
Publisher:
Description:
Absiract:
Contains drainage basins for major water bodies in Onondaga County
| Purpose!
| A draiange basin layer suitable for use in GIS.
Sugplemental _Information:
Time Period of Content:
Time _Period_Information:
Range of Dates/Times:
Beginning Date:
Ending_Date: 2001
Currenmess_Reference:
Siatus:
Progress: Complete
Maintenance_and_Update_Frequency: As needed
Sparial Dowmain:
Bonnding Coordinares!
West Bounding Coordinate:
Fast_Bounding Coordinate:
North_Bounding Coovdinate:
South Bounding Coordinate:
Keywords:
Theme:
Theme Kevword Thesaurus.
Themte Kevword: drainage basin, water, environment

Place:
J Place Kevword Thesaurus: None
i Place Kevward:
i Onondaga County, New York
i Native Data_Set_Environment: ARC/ANFO

Dara_Quality_Information:
Logical Consistency_Report: Topologically clean
Complereness_Report:
Linework consists of polygon features representing draiange basins of major water bodies,
Positional_Accuracy:
Horizontal Positional_Aceuracy:

130




Horizonta! Positional Accuracy_Repart:
Dirainage basins tested by visual comparison with Digital Elevation Model and
Hydrography for Onondaga County.
Onanritative_Hovizontal Positional_Accuracy _Asyessment.
Horizonta! Positonal_Acenwracy Value:
Horizontal Positional_Aceuwracy Explanation:
Vertical Positional Accuracy:
Vertical Positional_Accuracy_Repart:
Quantitarve_Vertical Positional_dccuracy_Asyessment;
Vertical Positional Accuracy_Value:
Vertical Pasitional Accuracy Explanation:
Lineage:
FProcess_Step.
Process Description;
Hand delineated by Les Monostory of Onondaga County Health Department and
founding member of the lsaac Walton League. Digitized by the City of Syracuse in
Arcinfa,
Process Date: 200105

Spatial Data_Organization_Informarion.
Direct_Sputial_Reference Method: Vector

Spartal Reference information:
Horizental Coordinate_ Swetem Definition:
Planar:
Grid_Coordinate System:
(Frid Coordinate_System Name: Universal Transverse Mercator
Universal Transverse Mercartor:
LTM Zone Number: 18
Transverse Mercator:
Scale Foctor_at_Central_ Meridian:
Longitude of Cenpral Meridian:
Latitwde of Projection_Origin:
False Fasring:
False Northing:
Planar Caordinate_Information.
Planar Coordinate_Encoding_Method: Coordinate pair
Coordinate_ Representation:
Abscissa Resolurion:
Ordinate_Resolution.
Planar Distance Unies: Meters
Geodetic Madel:
Horizonta!_Datem Name: Notth American Datum of 1927
Ellipzaid Name:
Semi-major_Axis:
Denominaior of Flattening_Ratic:

Diziribution_{nformation:
Distributar:
Contact_{njormation:




Contact_Organization_Primary:
Contact_Organization: New York State Universtiy College of Environmental
Science and Forestry
Contact_Position: Map Science Laboratory
Con tact_Address:
Address_Type: Mailing and physical address
Address: Bray Hall, 1 Forestry Drive
City: Syracuse
State_or_Province: New York
Postal Code: 13210
Country: USA
Contact_Voice_Telephone:
Contact_Facsimile_Telephone:
Contact_Electronic_Mail_Address:
Resource_Description: ononsoil
Distribution_Liability: None
Standard_Order_Process:
Digital Form:
Digital_Transfer_Information:
Format_Name: ARCE
Digital _Transfer_Option:
Online_Option:
Computer_Contact_Information:
Network_Address:
Network_Resource_Name:
Fees.
Available for free

Metadata_Reference_Information:
Metadata_Date: 200105
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: Mapping Science Laboratory
Contact_Address:
Address_Type: Mailing and physical address
Address: Bray Hall, 1 Forestry Drive
City: Syracuse
State_or_Province: New York
Postal_Code: 13210
Country: USA
Contact_Voice_Telephone:
Contact_Facsimile_Telephone:
Contact_Electronic_Mail_Address:
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata
Metadata_Standard_Version: FGDC-STD-001-1998
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APPENDIX D

ARCVIEW SCRIPT USED TO
MERGE DIGITAL ELEVATION MODELS
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APPENDIX E

EXAMPLE OCDDS 1999 AMP
STORM EVENT SAMPLE DATA
(OCDDS, 2001)

An example of the OCDDS 1999 AMP Storm Event Sample Data is included in the
[ollowing pages for the Ley Creek sample site at Park St. For the full data set contact

OCDDS.
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Sample Data for Ley Creek at Park St - TKN
Date Location Time

Storm 1 - T T
11-Apr-99|Trib-Ley Crk @ Park 20:05:00  1.04 mgi 47.10
11-Apr-09| Trib-Ley Crk @ Park 21:20:00 1.84 mgf 75.58
11-Apr-99; Trib-Ley Crk @ Park 22:40:00  0.81 mg/l 86.62
12-Apr-89!Trib-Ley Crk @ Park 00:20:00  0.85 mgA 72.86
12-Apr-99{Trib-Ley Crk @ Park 02:20:00 0.96 mg/l 55.64
12-Apr-99i Trib-Ley Crk @ Park 04:20:00  1.02° mg/l 46.50
12-Apr-99| Trib-Ley Crk @ Park 06:15:00  0.89 mg/l 41.65
12-Apr-99  Trib-Ley Crk @ Park 08:25:00  1.04 mg/l 39.19
12-Apr-89: Trib-Ley Crk @ Park 10:43:00  0.96 mg/ 37.28
12-Apr-99i Trib-Ley Crk @ Park 12:20:00 0.92 mg/ 34.83
12-Apr-99: Trib-Ley Crk @ Park 14:35:00 0.81 mg/l 34.53
12-Apr-99{Trib-Ley Crk @ Park 16:40:00 0.71 mg/l 33.06
12-Apr-99 Trib-Ley Crk @ Park 19:30:00  1.01 mg/ 31.06
12-Apr-99 Trib-Ley Crk @ Park 22:15:00 0.13 mg/l 29.82
13-Apr-99]Trib-Ley Crk @ Park 02:15:00. 0.20 mgi 28.60
13-Apr-89iTrib-Ley Crk @ Park 06:25:00  0.14 mg/l 27.27
13-Apr-g9|Trib-Ley Crk @ Park 10:55:00 1.04, mg/l 27.75
13-Apr-99| Trib-Ley Crk @ Park 14:45:00  0.93 mgll 27.15
13-Apr-99: Trib-Ley Crk @ Park 18:55:00 1.00 mg/l 26.44
13-Apr-98| Trib-Ley Crk @ Park 22:15:00  0.48 mg/l 25.75
14-Apr-89| Trib-Ley Crk @ Park 02:15:00 0.67 mg/l 25.06
14-Apr-99 Trib-Ley Crk @ Park 06:30:00 0.10 mg/l 25.06
14-Apr-99: Trib-Ley Crk @ Park 10:50:00  0.94 mg/l 25.06
14-Apr-99: Trib-Ley Crk @ Park 14:35:00  0.98 mg/l 24.38

Totals = 928.25
iAverage Concentration = 0.811
Flow Weighted Average Corncentration = 0.886

Storm 2 | ;
29-un-99 Trib-Ley Crk @ Park 18:00:00, 0.74 my! 37.54
29-Jun-99] Trib-Ley Crk @ Park 20:10:00] 0.79) mgA 5568
29-Jun-99  Trib-Ley Crk @ Park 21:40:00/ 0.92! mgh 31.01
29-Jun-89, Trib-Ley Crk @ Park 23:30:00 0.8~ | 728
30-Jun-99:Trib-Ley Crk @ Park 01:30:00, 098 17.687
30-Jun-99: Trib-Ley Crk @ Park 03:25:000 0.96] mgA 19.88
30-Jun-89/Trib-Ley Crk @ Park 05:30:00, 0.94: mgA 1553
30-Jun-99 | Trib-Ley Crk @ Park 07:30:00,  1.05. mgN 16.53
30-Jun-99! Trib-Ley Crk @ Park - 10:10:00; 1.42, mgA 13.90
30-kun-99| Trib-Ley Ck @ Park 1225:00]  1.00 mo| 465
30-Jun-99 Trib-Ley Crk @ Park 14:05:000  0.98] mo. 12.56
30-Jun-89: Trib-Ley Crk @ Park 16:15:00. 0.85 mo/| 13.11
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139.06
70.16
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53.41
47.43
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32.05
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271.78
43.96
28.53
26.70
17.31
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30-Jun-89i Trib-Ley Crk @ Park 20:00:0¢]  0.87] mgA 12.08 10.51
"30-Jun-99  Trib-Ley Crk @ Park 23:30:00) - 0.68] mg 11.25 7.65
01-Jul-99/ Trib-Ley Crk @ Park 03:30:00] 1.07] mgA 10.11 10.82
01-Jul-99: Trib-Ley Crk @ Park 07:35:00:  1.05{ mgh 9.38 9.85
01-Jui-89{ Trib-Ley Crk @ Park 12:10:001 - 1.24| mgh 8.80 11.03
01-Jul-99: Trib-Ley Crk @ Park 16:00:00; 0.64] mgA "8.68 5.55
01-Jul-99; Trib-Ley Crk @ Park 19:30:000 1.02] mgA 8.66 8.83
01-Jul-99 Trib-Ley Crk @ Park 23:30:00] 1.40] mgA 8.36 1.7
02-Jul-99: Trib-Ley Crk @ Park 03:30:00] 1.05] mgA 10.84 11.38
" 02-Juk-99i Trib-Ley Crk @ Park 07:30:00;, 1.04| mg/ 1328 13.81
02-Jul-89 Trib-Ley Crk @ Park 11:45:0.  0.93] mgh 1827 14.20
02-Jul-99{ Trib-Ley Crk @ Park 15:45:00!  1.79] mgA 17.97 32.16
Totals = 410.05 402.00

" iAverage Concentration = 71.020]

" iFlow Weighted Average Conceniration = == T0.980!

{Storm 3 -
13-Oct-99/Trib-Ley Crk @ Park 23:15:00]  0.99] mgh 86.16] 85.30|
14-Oct-99/Trib-Ley Crk @ Park 01:15:00{ 0.50| mgA 19621 ©98.10|
14-Oct-99 Trib-Ley Crk @ Park 03:15:00. 1.09] mgh 213.61] 232.84
14-0ct-99 | Trib-Ley Crk @ Park 05:15:00, 0.83 mg 16425, 136.33
14-0ct-99| Trib-Ley Crk @ Park 07:15:00 0.75 mgh 13030, 97.72
14-Oct-99| Trib-Ley Crk @ Park 10:00:00] 0.71] mgh 119.58 84.90]
14-Oct-99| Trib-Ley Crk @ Park 11:45.00]  0.63] mgh 107.47 e7.1
14-Oct-99/Trib-Ley Crk @ Park 13:45:00]  0.55 mgA 87.28 48.00}
14-0ct-99; Trib-Ley Crk @ Park 15:50:00] 0.65 mg/ 69.66 4528
14-Oct-99!Trib-Ley Crk @ Park 17:45:00] 0.62| mgA 60.01 72N
14-Oct-99Trib-Ley Crk @ Park 19:40:00] 0.61 mgA 51.89 31.65)
14-Oct-99  Trib-Ley Crk @ Park 21:15:00,  0.20| mgA 48.07 9.21
15-Oct-99|Trib-Ley Crk @ Park 01:15:00  0.77| mgA 3578 27.55
15-Oct-99| Trib-Ley Crk @ Park 05:30:00/ 0.75 mg 28.55 21.41
15-Oct-99| Trib-Ley Crk @ Park 10:00:00, 0.97 mgh 23.02 20.95)
15-Oct-99] Trib-Ley Crk @ Park 14:15:00]  0.79] mgA 20.55 1623}
15-Oct-99: Trib-Ley Crk @ Park 18:05:00] 0.54| mgh 18.78 10.13
15-Oct-99/ Trib-Ley Crk @ Park 21:15:00] 0.70, mgh 18.19 1273
18-Oct-99| Trib-Ley Crk @ Park 02:15:00| . 0.90] mgA 17.08 1837
16-Oct-99Trib-Ley Crk @ Park 05:15:00]  0.80; mgA 1553 1382
16-Oct-99| Trib-Ley Crk @ Park 05:30:00 0.90] mgA 1459 13.13]
16-Oct-99| Trib-Ley Crk @ Park 13:45:00;"' 0.89) mgA 13.72 1221
16-Oct-99| Trib-Ley Crk @ Park- 17:55:00 0.99 mgA 12.82 12.60
16-Oct-99! Trib-Ley Crk @ Park 21:35:00  0.97] mpA | 1248 12.09

|Totals = 1 156355  1162.59
Average Concentration = 0.755
Flow Weighted Average Concentration = 0.744
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Sample Data for Ley Creek at Park 51 - TP
Date Loeation Time Cong.  Units USGS Flow  Loading
Storm 1
11-Apr-09 Trib-Ley Crk @ Park 20:05:00  £.105 mal 4710 4,95
11-Aor-89 Trib-Ley Crk @ Park 21:20:00  0.088 mgd 75.58 5.14
11-Apr-899 Trib-Ley Crk @ Fark 224000 01891 mad BE.52 B.75
12-Apr-98 Trib-Ley Crk @ Park 00:20:00 0098 mad 7286 7.14
12-Apr-92 Trib-Ley Crk @ Park 0Z:20:00 0129 mod 5564 7.8
12-Apr-30 Trib-Lay Ork @ Park 04:20:00 0139 ma/l 46.50 646
12-Apr-88 Trib-Ley Crk @ Park 061500 0,105 mg/ 41.65 4,37
12-Apr-99 Trib-Lay Crk @@ Park 08:25:00 0.080 mg/ 39.1% 3.53
12-Apr-59 Trin-Lay Crk @ Park 10:43:00 0.078 mg 37.28 281
12-Apr-89 Trib-Lay Crk @ Park 12:20:00 0.078 mgi 34.83 272
12-Apr-09 Trib-Ley Crk @ Park 143500 0.041 mgl 34.53 1,42
12-Apr8g Trin-Ley Crk @ Park 15:40:000 0.065 ol 33.08 2.15
12-Apr-99 Trib-Ley Crk @ Park 19:30:00:  0.083 mail 31.06 2.89
12-Apr-08 Trib-Ley Crk @ Park 721500 0.080 mall 2082 239
13-Apr-99 Trib-Ley Crk @ Park 02500 0051 mgil 2B.60 260
13-Apr-8% Trb-Ley Crk (@ Park 06:25:00  0.083 magf 2727 2.25
13-Apr-89 Trib-Ley Crk @ Park 10:55:00  0.068 mg 2775 1.89
13-Apr-99 Trib-Ley Crk @ Park 1414500  0.070 mg 27.15 1.50
13-Apr-89 Trin-Lay Crk @ Park 18:55:00 0078 mgl Z6.44 206
13-Apr-38 Trib-Ley Cris @ Park 22:45:00° 0.133 madl 25,75 342
' 14-Apr-89 Trin-Ley Crk @ Park 021500 0,083 mal 25,06 2.08
14-Apr-99 Trib-Ley Grx @ Park 0B:30:00°  0.003 mal 25.086 2,33
14-Apr-28 Trib-Ley Crk @ Park 10:50:00°  3.067  mgl 25.06 1.63
14-Apr-09 Trib-Ley Crk @ Fark 14:35:00 0084 mpl 24.38 1.36
Totals = 928.25 B3.77
Averaga Conceniration = 0.088
Floaes Weighted Average Concentration = 0.020
Storm 2
29-Jun-28 Trib-Lay Crk @ Park 18:00:00  0.097 magi ar.s4 3.84
29-Jun-32 Trib-Ley Crk @ Park 20010:00 0186 mall 55.65 10.35
29-Jun-38 Trib-Ley Crk @ Park 21:40:00 0190 mgdd 3104 5.89
b 29-Jun-89 Trib-Lay Crk @ Park 23:30:00° 0.082 mg/l 27.25 293
30-Jun-9% Trib-Ley Crk @ Park 01:30:00° 01729 mgll 17.67 316
30-Jun-28 Trib-Ley Grk @ Park 03:2500 0417 mgl 19,88 2:33
30-Jun-89 Trib-Ley Crk @ Park 05:30:00 0.178 mal 15.53 276
30-Jun-80: Trib-Ley Crk @ Park 07T:30:00 0164 mol 16.53 2
30-Jun-29 Trin-Ley Crk @ Park 10:10:00° G148 mgll 13,90 2.08
30-Jun-28 Trig-Ley Crx @ Fark 1225000 0128 mol 14.65 1.87
30-Jun-99 Trit-Ley Grk @ Park 14:05:00  ©.137 mol 12.56 172
30-Jun-98 Trib-Ley Crk @ Park 161500 0125 mal 13.91 1.84
138
dh
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30-Jun-99; Trib-Ley Crk @ Park "20:00:00, 0.129] moA 12.08 1.56
30-Jun-99. Trib-Ley Crk @ Park 23:30:00° 0.138] mg/ 1128 1.55
01-JuF-99| Trib-Ley Crk @ Park 03:30:00/ 0.145; mgA 10.11 1.47
01-Jul-99| Trib-Ley Crk @ Park [07:35:00, 0.128) mgh 9.38 1.20
01-Jul-99| Trib-Ley Crk @ Park 12:110:00, 0.143] mgA 8.00| 127
01-Ju-99/ Trib-Ley Crk @ Park 16:00:00] 0.091, mgA 868 0.79
01-Jul-00i Trib-Ley Crk @ Park (719:30:00] 0.130] mgA 8.68 1.13
01-Jui-00! Trib-Ley Crk @ Park T23:30:00! 0.141; mgA 8.36 1.18
02-Jul-96| Trib-Ley Crk @ Park 03:30:00; 0.160| mgA 10.84 1.73
02-Jui-99| Trib-Ley Crk @ Park 07:30:00] 0.136] mgA 13251 1.81
02-Jui-99 Trib-Ley Crk @ Park 11:45:00{ 0.130] mgA 827 1.99
02-Jul-90' Trib-Ley Crk @ Park [15:45:00 0.114] moh 1797 2,05}
Totals = = 410.08 58.09
Average Concentration = 0.138i
Flow Weighted Average Concentrali 0.142 I:
13-0c-99! Trib-Ley Crk @ Park 23:15:00, 0.150] mgA 86.16 1292
140609 |Trib-Ley Crk @ Park 01:15:00, 0.308, mgA 19621]  60.04]
14-0ct-99{Trib-Ley Crk @ Park 03:15:00. 0.380 mgA 21361 76.90
14-0ct-99|Trib-Ley Crk @ Park 05:15:00] 0.213| mgA 164.25 34.99
14-0c-09{Trib-Ley Crk @ Park 07:45:00;, 0.150! mg/ 130.30 20.72
14-0ct-09! Trib-Ley Crk @ Park 10:00:00] 0.137; mgA 119.58 16.38
14-0ct-89  Trib-Ley Crk @ Park - 11:45:00; 0.119] mgA 107.47 12.79
14-Oct-89 Trib-Ley Crk @ Park 13:45:00] 0.128] mgA 87.28 1147
14-Oct-99(Trib-Ley Crk @ Park 15:50:00] 0.215] mgN 60.66 14.08
14-0ct-99| Trib-Ley Crk @ Park 17-45:00, 0.160 moA 60.01 10.14
14-0ct-99| Trib-Ley Crk @ Park 19:40:00] 0.115] mpA 51.89 5.97
14-Oct-99[Trib-Ley Crk @ Park 21:15:00] 0.104| mgA 48.07 479
15-Oct-09! Trib-Ley Crk @ Park 01:45:00; 0.112) moA 3578 4.01
15-0ct-00{ Trib-Ley Crk @ Park 05:30:00; 0.183] moA 2858 52
15-0ct-99 [ Trib-Ley Crk @ Park 10:00:00/ 0.088] mgA 23.02 1.98}
15-0ct-99{ Trib-Ley Crk @ Park 14:15:00{ 0.168] mgA 20.56 345
15-0c-00! Trib-Ley Crk @ Park 18:05:00; 0.095 mgA —18.78]  1.78|
15-0ct-00 ' Trib-Ley Crk @ Park 21:15:00] 0.092; mgA 18.19 1.67
16-Oct-99| Trib-Ley Crk @ Park 02:15:00; 0.099| mgA 17.08 1.69]
16-Oct-99 Trib-Ley Crk @ Park 05:15:00] 0.099| mgA 1553 1.54
16-Oct-99/Trib-Ley Crk @ Park 09:30:00] 0.080! mgA 14.50] KT
16-Oct-99i Trib-Ley Crk @ Park 13:45:00[ 0.072] mgA 1372 0.99
16-Oct-99 Trib-Ley Crk @ Park 17:55:00 0.081 mgA 1282 1.04
16-Oct-99/Trib-Ley Crk @ Park 21:35:00 0.075] moA | 1248 0.3
Totals = 156385  307.27
Average Concentration = 0.142
Flow Weighted Average Concentration = 0.197



Sample Data for Ley C

reek at Park St — TSS
on

USGS Flow  Loading
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Date Locati Time Conc. Units

11-Apr-99| Trib-Ley Crk @ Park 22 mg/l 4710
11-Apr-99| Trib-Ley Crk @ Park 24 mg/l 75.58
11-Apr-99|Trib-Ley Crk @ Park 38 mgll 86.62
12-Apr-89/Trib-Ley Crk @ Park 33 mg/ " 72.98]
12-Apr-99|Trib-Ley Crk @ Park 40 mg/l ~ 55.64]

T 12-Apr-09, Trib-Ley Ok @ Park 37 mai 4850
12-Apr-99| Trib-Ley Crk @ Park 33 mg/l —TTCS‘
12-Apr-99 | Trib-Ley Crk @ Park 29 mg/l 39.19
12-Apr-99 Trib-Ley Crk @ Park 22 mgll 37.28]
12-Apr-99|Trib-Ley Crk @ Park 18 mg/l "34.83
12-Apr-89{ Trib-Ley Crk @ Park 11 mgll T 34.53]
12-Apr-99: Trib-Ley Crk @ Park 8 mg/l 33.06
12-Apr-99/Trib-Ley Crk @ Park 22 magll "31.08|
12-Apr-99: Trib-Ley Crk @ Park 19 mg/l T20.82]
13-Apr-99] Trib-Ley Crk @ Park 13] moA 28.60
13-Apr-99 | Trib-Ley Crk @ Park 23 mgh 2727
13-Apr-99{Trib-Ley Crk @ Park 16/ mgA 2775
13-Apr-99{Trib-Ley Crk @ Park 18] mgA 27.18
13-Apr-99; Trib-Ley Crk @ Park 23 mgA 26.44
13-Apr-99! Trib-Ley Crk @ Park 23] mgh 2575
14-Apr-99|Trib-Ley Crk @ Park 31 mgn 25.06
14-Apr-99{Trib-Ley Crk @ Park 28] moh 25.08
14-Apr-99/Trib-Ley Crk @ Park 18| mgn 25.08
14-Apr-99) Trib-Ley Crk @ Park 13/ mgh 24.38

~ iTotals = 828.25

Average Concentration = 23458
|Flow Weighted Average Concentration = 25584

Storm 2 - T
29-Jun-89| Trib-Ley Crk @ Park 18:00:00 19 mgN 3754
29-Jun-90: Trib-Ley Crk @ Park 20:10:00, 36 mgh 55.65
29-Jun-99 ' Trib-Ley Crk @ Park 21:40:00 38 mgh 31.01
29-Jun-99  Trib-Ley Crk @ Park 23:30:00 41 mgh 2125
30-Jun-99| Trib-Ley Crk @ Park 01:30:00 40 moh 17.67
30-Jun-99  Trib-Ley Crk @ Park 03:25:00 35 moA 19.88
30-Jun-89 Trib-Ley Crk @ Park 05:30:00 31 mgn 15.53
30-Jun-09! Trib-Ley Crk @ Park - 07:30:00 26| moA 16.53
30-Jun-99}Trib-Ley Crk @ Park 10:10:00 21 mgA 13.90
30-Jun-99 Trib-Ley Crk @ Park 12:25:00 15| mg/ 14.65
30-Jun-99: Trib-Ley Crk @ Park 14:05:00 13| mgh 12.56
30-Jun-99 Trib-Ley Crk @ Park 16:15:00 18 moh 131

1036.30
1813.81
3291.49
2404.27
2225.61
1720.49
1374.43
1136.39
820.19
626.98
379.84
264.51
683.31
566.51
371.80
627.26
444,02
488.75
608.23
592.19
776.89
726.76
451.10
317.00
23748.11

713.24
2003.26
1178.57
1117.21

706.68

6395.94

481.53

429.86

291.95

219.69

163.23

235.93



30-Jun-00| Trib-Ley Crk @ Park 20:00:00 20] mgA 1208] 241.61
30-Jun-99 | Trib-Ley Crk @ Park 23:30:00 24, mgA 1128]  270.10
01-Jui-99{ Trib-Ley Crk @ Park 03:30:00 22/ moh 10.11 222.38
01-Jul-99: Trib-Ley Crk @ Park 07:35:00 18 mgA 938 168.89
01-Juk-99{ Trib-Ley Crk @ Park 12:10:00 16 mpA 880 14230
01-Jui-99 Trib-Ley Crk @ Park 16:00:00 11, mgA 8.68 95.46
01-Jui-99  Trib-Ley Crk @ Park 19:30:00 17| moh 8668 147.14
01-Jul-99i Trib-Ley Crk @ Park 23:30:00 23] mgh 8.36 192.30
02-Jui-90| Trib-Ley Crk @ Park 03:30:00 26, mgA 10.84] 281.83
02-Jul-99{Trib-Ley Crk @ Park o7:3o:oo] 22| mgh 1328] 292,00
02-Jul-09| Trib-Ley Crk @ Park 11:45:00 18] moA 1527 24437
02-Ju-99: Trib-Ley Crk @ Park 15:45:00 12! mgh 7o 21582

Totals = 41005 1075147

Average Concentration = T 123333

| Flow Weighted Average Concentration = T 26219

'Storm 3 I »

13-0ct-99/ Trib-Ley Crk @ Park 197 mgh 88.16] 10080.82
14-Oct-99  Trib-Ley Crk @ Park 142] mg 196.21] 27861.22
14-0ct-99: Trib-Ley Crk @ Park 183 mgh 213.61] 3909137
14-0ct-99 Trib-Ley Crk @ Park 87 moA 164.25] 14260.98
14-Oct-99 | Trib-Ley Crk @ Park 43 mgh 130.30] 5602.77
14-Oct-99] Trib-Ley Crk @ Park 41 mgA 119.58] 4902.58
14-Oct-99|Trib-Ley Crk @ Park 29| mg 10747 3116.74
14-Oct-99 Trib-Ley Crk @ Park 24; mgA 87.28| 2084.60
14-0ct-99/Trib-Ley Crk @ Park 23 mgA 60.66] 160225
14-0ct-99, Trib-Ley Crk @ Park 29 mgh 60.01] 1740.41
14-0ct-99i Trib-Ley Crk @ Park 34 mgA 51.80] 176426
14-0ct-99/ Trib-Ley Crk @ Park 41 moh 46.07] 1889.00
15-Oct-99: Trib-Ley Crk @ Park 33/ mgA 35.78] 1180.90
15-Oct-99/ Trib-Ley Crk @ Park 23, moh 26855 656.68
15-0ct-99! Trib-Ley Crk @ Park 19| mgA 23.02] 43140
15-0ct-99(Trib-Ley Crk @ Park 16; moA 2055 328.74
15-Oct-99 Trib-Ley Crk @ Park 14, moA 18.78] 26263
15-0ct-99  Trib-Ley Crk @ Park 17, mgA 1819]  300.27
16-Oct-99| Trib-Ley Crk @ Park 20| mgA 17.08] 34153
16-Oct-99! Trib-Ley Crk @ Park 21 moh 1583 326.20
16-Oct-99; Trib-Ley Crk @ Park 16, mgA 14.50] 23346
16-Oct-99! Trib-Ley Crk @ Park 12 mgA 1372 164.87
16-Oct-99; Trib-Ley Crk @ Park 9 mgh 12282 11534
16-0ct-89! Trib-Ley Crk @ Park 16 moA | 1246 19042

Totals = 1563.55 118502.24

Average Concentration = 42042

Flow Weighted Average Concentration = 75.848
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APPENDIX F

EXAMPLE USGS GAGING STATION DATA AND
ESTIMATED FLOW DATA
(USGS, 1999)

An example of the USGS gaging station data is included in the following pages for
Ley Creek at Park St. Also included, is an example of the estimated flow data for
Ley Creek at 7th North St. The flow estimates at 7™ North St. were calculated based
on the flows at Park St. For the full data set contact USGS.
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LUSGS Gaging Station Data for Ley Creek at Park Street

Ley Creek [Park St | L&y Creek TPark St | Ley Creek [Park St
Date Time  |Flow Date Time Flow |Date Time

11-Apr-99]  0:30:00] 22419  29-Jun-99|  0:30:00] 14.175]  13-Oct-99|  0:30:00 8.338
11-Apr-99|  1:00:00]  23.064]  29-Jun-99|  1:00:00] 13.954] 13-Oct-99|  1:00:00]
11-Apr-99|  1:30:00|  22.419]  29-Jun-99|  1:30:00| 10.865|  13-Oct-99|  1:30:00
11-Apr-99|  2:00:00]  22.419]  29-Jun-99|  2:00:00] 10.944]  13-Oct-99|  2:00:00
11-Apr-99| 2:30:00]  22.419]  29-Jun-99|  2:30:00] 12.081]  13-Oct-99]  2:30:00
11-Apr-99|  3:00:00] 22.419|  29-Jun99|  3:00:00| 12464] 13-Oct-99|  3:00:00
11-Apr-99|  3:30:00] 22.419] 29-Jun99|  3:30:00] 12491| 13-0ct-99|  3:30:00]
11-Apr-99]  4:00:00] 22.419] 29-Jun-99|  4:00:00] 12.909] 13-Oct-99|  4:00:00
11-Apr-99|  4:30:00]  22.419|  29-Jun-99|  4:30:00] 13.334]  13-0ct-99|  4:30:00
11-Apr-99| 5:00:00] 22.419] - 29-Jun99|  5:00:00] 13.495|  13-Oct-99|  5:00:00]
11-Apr-99|  5:30:00] 22419] 29-Jun-99]  5:30:00] 10.108]  13-Oct99]  5:30:00
Ti-Apr-99|  6:00:00]  22.419]  29Jun-99] ~ 6:00:00] 10.108]  13-Oet-99]  6:00:00]
11-Apr-99| 6:30:00]  22.419] 29-Jun-99|  6:30:00] 10.108]  13-Oet-99|  6:30:00|
11-Apr-99| — 7:00:00] 22.419] 29-Jun-99|  7:00:00] 10.133] 13-Oct99|  7:00:00]
T1-Apr-99|  7:30:00]  22.419]  29-Jun-99|  7:30:00] 10.483]  13-0ct99]  7:30:00
11-Apr-99| _ 8:00: 22419 29Jun-99|  8:00:00] 10.508]  13-Oct-99|  8:00:00
11-Apr-99|  8:30: 22419 29-Jun-99|  8:30:00] 10.865|  13-Oct-99|  8:30:00
11-Apr-99]  9:00:00] 22.419] 29-Jun99|  9:00:00| 14.882]  13-Oct-99|  9:00:00
11-Apr-99|  9:30:00]  22.419]  29-Jun-99|  9:30:00] 70.156|  13-Oct-99|  9:30:00
11-Apr-99| _ 10:00:C 22419  29Jun-99| 10:00:00| 55.636|  13-Oct-99|  10:00:00
11-Apr-99]  10:30:00] 23.064] 29-Jun-99| 10:30:00] 39.199]  13-Oct-99| 10:30:00| .
11-Apr-99|  11:00:00]  23.064]  29-Jun-99| 11:00:00 25.401|  13-Oct-99] _ 11:00:00
11-Apr-99| 11:30:00]  23.064]  29-Jun-99| 11:30:00| 20.467]  13-Oct-99| 11:30:00
T1-Apr-99| 12:00:00]  23.064|  29-Jun-99| 12:00:00] 19.198]  13-Oct-99|  12:00:00
11-Apr-99| 12:30:00]  23.719|  29-Jun99| 12:30:00| 16.688|  13-Oct-99| 12:30:00
11-Apr-99|  13:00:00]  23.064|  29-Jun-99| 13:00:00] 15245  13-Oct-99| 13:00:00
11-Apr-99| "13:30:00]  23.064| 29-Jun-99| 13:30:00] 71.553] 13-Oct99| 13:30:00
T1-Apr-99|  14:00:00]  23.719|  29-Jun-99| 14:00:00] 78.069]  13-Oct-99|  14:00:00
11-Apr-99|  14:30:00]  23.064]  29-Jun-99| 14:30:00] 83.648|  13-0ct-99|  14:30:00
11-Apr-99| 15:00:00]  22.419] 29-Jun-99| 15:00:00] 89.351]  13-Oct-99| 15:00:00
11-Apr-99| 15:30:00]  22.419]  29-Jun-99| 15:30:00] 93.643|  13-Oct-99| 15:30:00
11-Apr-99| 16:00:00] 22.419] 29-Jun-99| 16:00:00] 94765 13-Oct-99| 16:00:00
11-Apr-99|  16:30:00]  22.419]  29-Jun-99| 16:30:00] 90.144]  13-0ct-99| 16:30:00
1-Apr-99|  17:00:00]  22419]  29-Jun-99| 17:00:00] 81.345|  13-Oct99| 17:00:00
11-Apr-99| 17:30:00]  23.719]  29-Jun-99| 17:30:00] 34.714]  13-Oct-99| 17:30:00
11-Apr-99| 18:00:00]  25.748|  29-Jun99| 18:00:00] 37.539]  13-Oct-99| 18:00:00
11-Apr99| 18:30:00]  30.226]  29-Jun-99| 18:30:00| 41.351]  13-Oct-99|  18:30:00
11-Apr-99| 19:00:00]  34.531|  29-Jun99| 19:00:00] 44.534]  13-Oct-99| 19:00:00
11-Apr-99|  19:30:00]  38.227|  29-Jun-99| 19:30:00| 49.490]  13-Oct-99|  19:30:00
11-Apr-99|  20:00:00]  45.177]  29-Jun-99| 20:00:00| 53.809|  13-Oct99|  20:00:00
11-Apr-99| 20:30:00]  56.742|  29-Jun-99| 20:30:00 59.321|  13-Oct-99|  20:30:00
11-Apr-99|  21:00:00]  68.989|  29-Jun-99| 21:00:00| 61.464]  13-0ct-99| 21:00:00
11-Apr-99|  21:30:00]  79.069|  29-Jun-99| 21:30:00] 30.396]  13-0ct-99| 21:30:00
11-Apr-99| 22:00:00]  84.689]  29-Jun-99| 22:00:00] 32.254|  13-Oct-99| 22:00:00
11-Apr-99| 22:30:00]  87.583]  29-Jun-99| 22:30:00] 25.153|  13-Oct-99| 22:30:00
11-Apr-99| 23:00:00]  84.689]  29-Jun99| 23:00:00| 26.492|  13-Oct-99| 23:00:00]
11-Apr-99| 23:30:00]  81.850]  29-Jun-99| 23:30:00] 27.249]  13-Oct-99|  23:30:00
11-Apr-99|  0:00:00] _ 76.342]  29-Jun99]  0:00:00| 28.210]  13-Oct-99|  0:00:00
12-Apr-99| 0:30:00]  71.114]  30-Jun-99]  0:30:00] 22.506]  14-Oct-99|  0:30:00
12-Apr-99|  1:00:00]  66.116]  30Jun-99]  1:00:00] 23.313]  14-Oct-99|  1:00:00
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12-Apr-09 1230:00 62 504 30-Jun-99 1:30:00f 17.667 14-Oct-99 [-20:00 205341
12-Apr-99 2.00:00 57869 30-Jun-99 2:00:00] 18231 [4-Oet-99 2:00:00 217437
12-Apr-44 23000 54,526 30-Jun-99 2:30:00| 18803 14-0e1-99 2330000 221.662
12-Ape-09 3:00:00 52361 30-Jun-99 3:00:00| 19389 14-Oct-90 3:00:00 218.646
12-Apr-04 33000 49,208 30-Jun-99 330:00| 19983 L 4-Cit-00 3:30:00 208,582
12-Apr-09 4:00:00 47.167 30-Jum-99/ 4:00:00| 20.587 14-0c1-99 4:00:00 196,557
12-Apr-99 4:30,00 46.166 JI0-Jun-99 4:30:00( 21.202 | 4-Ohot-94 43000 184,938
12-Apr-99 S00:00 44.200) 3-Jun-54 500:00] 21,368 14-0et-59 S:00:00 171553
13-Ape-99 §:30:00 43,168 30-Jun-%49 3.30:00 15.533 14-Oc-54 5:30:00 156,953
[2-Apr-99 G:00:00 42.151 30-Jur-59 G000 15333 14-Det-99 6:00:00 145,180
13-Ape-29 6:30:00 41.148 30-Jun-53 6:30.00 15.564 140100 fi: 3000 137.586
12-Apr-99 70000 40,160 30-Jum-99 10000 16036 14-Cict-049 T200:00 132077
12-Apr-99 T:3e00 40,1640 30-Jun-99 7:30000( 16:533 14-0t-99 T 3000 128517
12-Apr-09 B0 39,186 30-Jun-99 B0000|  16.569 14-Oict-599 8:00:00 126,699
12-Apr-99 £:30:00 39,186 30-Jun-99 B300l 17113 14-Oict-99 B 30:00 124 895
12-Apr-99 2:00:00 i3 30-Jun-99 000001  17.370 14-Oct-09 C00:00 123,225
12-Apr-09 9:30:00 1§.227 30-Tun-99 9:30:00] 13.737 14-Oct-99 93000 122.990
1 2-Apr-90% 100000 38.227 30-Jun-09 10:00:00]  13.766 14-Cot-09 10:00:00 119:575
12-Apr-99 10:30:00 17.281 30-Jun-99 10:30:00] 14175 14-Oet-09 10:30:00 117717
[ 2-Apr-99 1 100:00 37.281 30-Jun-99 1100000 14.175 14-Oct-99 11:00:00 114.165
[2-Ape-99 11:30:00 14,351 J0-Tun-99 11:30:00]  14.205 14-0c1-99 11:30:00 109.226
12-Apr-9% 12:00:00 15,434 30-Jun-99 12:00:00]  14.62] 14-Ohet-94 12:00:00 105,721
12-Apr-49 1 2:30:00 314,531 30-Jun-99 12:30000] 14,651 14-0et-99 12:30:00 Gu.419
12-Apr-09 | 306000 35434 30-Jun-09 13:00:00] 14899 14-Ohct- 13:00:00 4. 765
[2-Apr-99 }3:30:00 15434 30-Jun-99 13:30:00] 12464 14-Oer-09 13:30:00 0. 144
12-Apr-99 1 4: 0000 14531 30-Jun-49 14:00:001  12.491 14-0ct-99 14:00:00 24 406
12-Apr-G9 | 430000 34,531 30-Jun-99 14:30:00] 12,881 14-0ct-99 14:30: 00 80.179
1 2-Apr-St | 5:00:000 34,531 30-Jun-99 15:00500] 12381 14-Chet-99 135:00:00 Th.079
12-Apr-ot | 5:30:00 13,642 30-Jun-99 15:30:00] 12.88] 14-0et-99 15:30:00 72.142
12-Apc-99 [ 60000 312768 I0-Jun-99 16:00:00]  12.909 14-Oct-99 16:00:00 6B.424
[2-Apr-001  16:30:00 33642 30-Jun-99 16:30:00]  13.30% 14-0ct-09 16:30:00 65.954
12-Apr-29¢  17:00:00 31907 30-Jun-99 1700000  13.168 14-0t-99 17:00:00 63.537
[2-Apr-94 17:30:00 31.907 30-Jun-99 17:30:000  11.307 14-0x1-99 17:30:00 61.171
}2-Apr-99 1 8:00:00 31.907 A0-Jun-99 18:00:00] 12.053 14-0ct-99 18:00:00 58357
| 2-Apr-00 18:30:00 31.060 30-Jun-4% 15:30:00] 12,053 1 4-Oc1-949 18:30:00 36,554
[2-Apr-99]  1%:00:00 31,060 A0-Jun-99 19:00:00] 12053 14-Ciet-99 19:00:0K) 54,382
12-Apr-00 19:30:00 31060 30-Jun-949 19:30:000 12,053 14-0¢1-99 19:30:00 £2.290
[2-Apr-99]  20:00:00 30.226 30-Jun-29)  20:00:00 12.081 14-0ct-99|  20:00:00 51,000
12-Apr-39]  20:30:00 30.224 30-Jun-99]  20:30:00] 17454 14-0ct-99)  20:30:00 48.114
12-Apr-09]  21:00:00 10,228 30-Jun-99)  21:00:00] 12357 14-Oct-99|  21:00:00 47.035%
[2-Apr-99)  21:30:00 30.226 MJun-997  21:30:00]  10.865 14-Oet-99  21:30000 45.112
12-Ape-29)  22:00:00 30228 I0-Jun-20f  22:00:00] 10855 14-0et-99]  22:00000 44131
12-Apr-09)  22:30:00 29.406 J0-Jun-99)  22:30:00]  10.B&S 14-00ct-99  22:30:00 41033
12-Apr-99)  23:00:00 29,406 I0-Jun-99)  23:00:00] 10891 14-0et-99]  22:00:00 41.082
12-Apr-99)  23:30:00 29,406 30-Jun-99)  23:30:00] 11.254 14-0ct-99)  23:30:00 40,095
12-Apr-09 000,00 28,600 -Jun-59 0:00:00| 11254 14-0c1-99 00000 19,122
13-Apr-99 0: 30000 28.600 1=Jul-99 03000 11.254 15-0et-9% 0 30200 3§ 164
11-Apr-99 1 :00:00 23,600 1-Jul-99 10000 11153 | 5-Cet-99 1:00:00 37088
13-Apr-29 1230500 28,600 1-Jul-99 1:30:00 9,740 | 5-Oet-99 1:30:00 AT
13-Ape-99 2:00:00 28.600 1 =Jul-9% 2:00:00 9,765 15-0ct-99 2:00:00 33584
13-Apr-09 2:30:00 28.600 1-Jul-99 230000 10108 15-Cice-00 2:30:00 123710
13-Apr-99 30000 278N 1= Jul-9% 30000 10L108 13-0ct-99 3:00:00 31.907
13-Apr-99 33000 23871 1 =Jul-9% 330000[ 10,108 15-Oct-99 33000 31.850]
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13-Apr-99 4:00:00 27.871 1-Jul-99 4:00:00 10.133 15-0Oct-99 4:00:00 31.004
13-Apr-99 4:30:00 27.871 1-Jul-99 4:30:00 10.483 15-0ct-99 4:30:00 30.171
13-Apr-99 5:00:00 27.871 1-Jul-99 5:00:00 10.386 15-Oct-99 5:00:00 29.353
13-Apr-99 5:30:00 27.871 1-Jul-99 5:30:00 9.025 15-Oct-99 5:30:00 28.551
13-Apr-99 6:00:00 27.871 1-Jul-99 6:00:00 9.025 15-Oct-99 6:00:00 27.823
13-Apr-99 6:30:00 27.153 1-Jul-99 6:30:00 9.049 15-Oct-99 6:30:00 27.105
13-Apr-99 7:00:00 27.153 1-Jul-99 7:00:00 9.379 15-Oct-99 7:00:00 26.445
13-Apr-99 7:30:00 27.871 1-Jul-99 7:30:00 9.379 15-Oct-99 7:30:00 26.398
13-Apr-99 8:00:00 27.153 1-Jul-99 8:00:00 9.403 15-Oct-99 8:00:00 25.657
13-Apr-99 8:30:00 27.153 1-Jul-99 8:30:00 9.740 15-0ct-99 8:30:00 24.340
13-Apr-99 9:00:00 27.871 1-Jul-99 9:00:00 9.669 15-Oct-99 9:00:00 23.719
13-Apr-99 9:30:00 27.153 1-Jul-99 9:30:00 8.678 15-Oct-99 9:30:00 23.675
13-Apr-99 10:00:00 27.153 1-Jul-99 10:00:00 8.678 15-Oct-99 10:00:00 23.021
13-Apr-99 10:30:00 27.153 1-Jul-99 10:30:00 8.678 15-0Oc¢t-99 10:30:00 22.419
13-Apr-99 11:00:00 27.871 1-Jul-99 11:00:00 8.701 15-Oct-99 11:00:00 22.419
13-Apr-99 11:30:00 26.445 1-Jul-99 11:30:00 9.025 15-Oct-99 11:30:00 22.377
13-Apr-99 12:00:00 26.445 1-Jul-99 12:00:00 9.002 15-Oct-99 12:00:00 21.784
13-Apr-99 12:30:00 26.445 1-Jul-99 12:30:00 8.678 15-Oct-99 12:30:00 21.784
13-Apr-99 13:00:00 27.153 1-Jul-99 13:00:00 8.655 15-Oct-99 13:00:00 21.743
13-Apr-99 13:30:00 27.153 1-Jul-99 13:30:00 8.338 15-Oct-99 13:30:00 21.119
13-Apr-99 14:00:00 27.153 1-Jul-99 14:00:00 8.338 15-Oct-99 14:00:00 20.546
13-Apr-99 14:30:00 27.153 1-Jul-99 14:30:00 8.338 15-Oct-99 14:30:00 20.546
13-Apr-99 15:00:00 27.153 1-Jul-99 15:00:00 8.338 15-Oct-99 15:00:00 20.546
13-Apr-99 15:30:00 26.445 1-Jul-99 15:30:00 8.361 15-Oct-99 15:30:00 20.506
13-Apr-99 16:00:00 25.748 1-Jul-99 16:00:00 8.678 15-Oct-99 16:00:00 19.903
13-Apr-99 16:30:00 25.748 1-Jul-99 16:30:00 8.655 15-Oct-99 16:30:00 19.349
13-Apr-99 17:00:00 26.445 1-Jul-99 17:00:00 8.361 15-Oct-99 17:00:00 19.310
13-Apr-99 17:30:00 25.748 1-Jul-99 17:30:00 8.678 15-Oct-99 17:30:00 18.766
13-Apr-99 18:00:00 26.445 1-Jul-99 18:00:00 8.635 15-Oct-99 18:00:00 18.766
13-Apr-99 18:30:00 26.445 1-Jul-99 18:30:00 8.338 15-Oct-99 18:30:00 18.728
13-Apr-99 19:00:00 26.445 1-Jul-99 19:00:00 8.361 15-0ct-99 19:00:00 18.193
13-Apr-99 19:30:00 25.748 1-Jul-99 19:30:00 8.655 15-Oct-99 19:30:00 18.231
13-Apr-99 20:00:00 26.445 1-Jul-99 20:00:00 8.338 15-Oct-99 20:00:00 18.766
13-Apr-99 20:30:00 25.748 1-Jul-99 20:30:00 8.338 15-Oct-99 20:30:00 18.728
13-Apr-99 21:00:00 25.748 1-Jul-99 21:00:00 8.384 15-Oct-99 21:00:00 18.193
13-Apr-99 21:30:00 25.748 1-Jul-99 21:30:00 9.002 15-Oct-99 21:30:00 18.193
13-Apr-99 22:00:00 25.748 1-Jul-99 22:00:00 8.678 15-Oct-99 22:00:00 18.193
13-Apr-99 22:30:00 25.748 1-Jul-99 22:30:00 8.655 15-Oct-99 22:30:00 18.193
13-Apr-99 23:00:00 25.748 1-Jul-99 23:00:00 8.338 15-Oct-99 23:00:00 18.193
13-Apr-99 23:30:00 25.748 1-Jul-99 23:30:00 8.361 15-Oct-99 23:30:00 18.155
13-Apr-99 0:00:00 25.748 1-Jul-99 0:00:00 8.678 15-Oct-99 0:00:00 17.629
14-Apr-99 0:30:00 25.748 2-Jul-99 0:30:00 8.678 16-Oct-99 0:30:00 17.629
14-Apr-99 1:00:00 25.748 2-Jul-99 1:00:00 8.903 16-Oct-99 1:00:00 17.629
14-Apr-99 1:30:00 25.748 2-Jul-99 1:30:00 12.000 16-Oct-99 1:30:00 17.593
14-Apr-99 2:00:00 25.061 2-Jul-99 2:00:00 11.254 16-Oct-99 2:00:00 17.076
14-Apr-99 2:30:00 25.061 2-Jul-99 2:30:00 11.254 16-Oct-99 2:30:00 17.076
14-Apr-99 3:00:00 25.061 2-Jul-99 3:00:00 11.228 16-Oct-99 3:00:00 17.005
14-Apr-99 3:30:00 25.061 2-Jul-99 3:30:00 10.840 16-Oct-99 3:30:00 16.000
14-Apr-99 4:00:00 25.061 2-Jui-99 4:00:00 10.458 16-Oct-99 4:00:00 16.000
14-Apr-99 4:30:00 25.061 2-Jul-99 4:30:00 10.059 16-Oct-99 4:30:00 15.969
14-Apr-99 5:00:00 25.061 2-Jul-99 5:00:00 9.728 16-Oct-99 5:00:00 15.533
14-Apr-99 5:30:00 25.061 2-Jul-99 5:30:00 14.651 16-Oct-99 5:30:00 15.533
14-Apr-99 6:00:00 25.061 2-Jul-99 6:00:00 15.013 16-Oct-99 6:00:00 15.533
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£50°Z1 00:00:0 6619091 £87°01 _ [00:00:0  |66-Inr-Z 61L°€Z 00:00:0 __|66-2dv-p1
921 00-0£:€Z _ 166-190-91 €E1'01  |00:0E:€Z  |66-Inf-T 61L'€T 00°0£:€7  |66~4dy-p1
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Lo dAl 00:00:2Z 16619091 OpL'6  100:00:7Z  |66-Inf-T 61LET 00:00:ZZ  |66-3dy-p1
Yob°Z1 00:0£:1Z__ |66-00-91 €0¥'6 _ [00:0£:1Z  |66-Inf-T 61L°ET 00:0€:1Z  |66-1dv-pi
Yor'Z1 00-:00°1Z _ [66190-91 LTyl 100:00:12  [66-Inf-T 61L'€T 00:00:12 __|66-1dy-p1
Lei A 00:0€:0Z 166091 96L'E€l _ |00:0€:0Z  |66-Inf-T 6IL'ET 00:0£:0Z  |66-1dV-p1
YOb'Z1 00:00:0Z _ |661°0-91 YEE'EL 100:00:0Z  |66-Inf-T SSEPT 00:00:0Z  |66-1dv-p1
op'Z1 00:0€'61  |66-390-91 606'C1 _ 100:0£:61  |66-Inf-Z 61LET 00:0€:61 _|66~1dv-p1
Lol Al 00:00:61 . {66190-91 16¥°Z1_ |00:00:61  |66-Inf-Z S8EVT 00:00:61 _ |66-3dv-p1
£68°Z1 00:0£:81 _ |66-190-91 18021 100:0£:81 - |66-Inf-z 61L'EZ 00:0£:81  |66-1dv-p]
188°Z1 00:00:81 669091 €50'Z1  00:00:81  |66-Inf-Z SBEVT 00:00:81 _|66-1dv-p1
16¥'Z1 00:0€°L] _ |66-19091 LOEI1__ |00:0E:L1  |66-Inf-Z SSEVT 00:0€:L1  |66-1dy-p1
£58°T1 00:00:L1 _ [66190-91 ~ |018'81 [00:00:L1  |66-Inf-2Z SSEPT 00:00:L1  |66-3dy-p1
188'Z1 00:0£:91 16639091 6YE'61  |00:06:91  |66-I0(-Z (3:1% (4 00:0£°91  |66-1dv-+1
188°Z1 00:00:91 _|66-090-91 0LZ'81 _ 100:00:91  |66-Inf-7 SREYT 00:00:91  |66-3dv-p1
18821 00:0€:1 16699091 [£99°L1  |00:0€:S1  |66-Inf-Z 61LET  |00°0E:ST  |66-3dv-p1
LLTEL 00:00:S1 16619091 €141 {00:00:S1  |66-Inf-Z S8EVT  |00:00:51  |66-2dvp1
SOEEL 00:0€'¥1 ~_ |66-190-91 TL0'91  00:0E¥1  |66-Inf-T SEVT 00:0£:%1  [66~3dV-p]

‘€1 00:00:¢1 . |66-1°0-91 ¥95'S1  100:00:¥1  |66-1nf-Z 8¥L'ST 00:00:#1  |66-3dv-p1
LELEL 00:0£:€1 _ [66390-91 YOU'ST  |00:0€:€1  |66-Inf-Z 19067 100:0£:€1  |66~3dv-p1
I@t 00:00:€1 16699091  |159'¥1  [00:00:€1  |66-Inf-Z SREVT 00:00:€1  |66~2dv-p1
LEL'EL 00:0£:Z1 _ |6690-91 12971 {00:0€:21  |66-If-Z 8PL'ST 00:0£:21  |66-3dy-p1
o1yl 00:00:Z1  |66-190-91 £v0'ST  00:00:Z1  |66-Mf-Z 190°SZ 00:00:Z1 _ |66~2dv-¥1
SLI'YI 00°0€'11  [66-390-91 Z0S'S1  |00:0E' 11 |66-In[-T 190°SZ 00:0€:11 _ |66-4dv-p]
L1'p1 00:00: 11 166-320-91 91 |00:00:11  |66°Inf-Z 190°'SZ 00:00:11 _ |66-4dv-p1
SLIYL 00:0£:01 6610091 81181 [00:0£:01  |66-Inf-Z 190°SZ 00:0£:01  |66-3dv-p1
SLI¥1 00:00:01 {66091 zLz61 _ |00:00:01  |66-Mf-z 8¥L'ST 00:00:01 _ |66~3dy-p]
16571 00086 1669091  [6¥E'61 |00:06:6  |66-Inf-T SSEPT 00:0£6  |66~dv-p1
129'%1 00:00:6 _ |66-190-91 £26°'C1 00:6  |66-IN1-Z 190°SZ 00:00:6 __ |66-1dv-p1
£P0°'ST 00:0£:8  |66990-91 yorzl  |00:0£8 |66z 190°ST  100:0€:8  |66-3dv-pi
£L0°S1 00:00'8 1669091  |gs8Zl  [00:00:8  |66-Ine-Z S8EVT 00°00:8  |66~3dv-p1
£LO°S1 00:0£'L  |66100-91 LLTEL loot0g:iL  |66-Inf-Z 190's7 00:0£:L  |66~ady-pi
£L0°S1 00:00:L  |6690-91 - [80L'€1 :00:L  |66-Inf-T 190°ST  J00:00:L  |66-2dv-p1
20551 00:0£°9  [66-190-91 vl |00:089  |66-Inf-T 190'SZ 00:0£:9  |66dv-p1




Estimated Flows for Ley Creek at 7" North St.

Ley Creek [7thN' St. | Ley Creek [7th N St. Ley Creek [7th N St. |
Date Time  |Flow Date [Time Flow Date Time |Flow
: [1-Apr-99]  0:30:00 21.301 29-Jun-99|  0:30:00 13-0ct-99]  0:30:00
[ 11-Apr-99 1:00:00 21.914 29-Jun-99 1:00:00 1‘«70cr-9~>] 1:00:001
[ 11-Apr-99| 1:30:00 21.301 29-Jun-99 1:30:00 13-Oct-99| 1:30:00]
| 11-Apr-99 ) 2:00:00 13-0ct-99]  2:00:00
2:30:00 13-Oct-99|  2:30:00
11-Apr-99 =
| ——
[ , 12.669 4:30:00
S:OOW 21.301 29-Jun-99 5:00:00 12.822 13-Oct-99 5:00:00
11-Apr-99 5aow‘or 21.301 29-Jun-99 5:30:00 9.604 13-Oct-99 5:30:00 7.585
11-Apr-99 6:00:00 21.301 29-Jun-99 6:00:00| 9.6'5( 13-Oct-99! 6:00:00 7.296
11-Apr-99|  6:30:00]  21.301|  29-Jun-99|  6:30:00 9.604]  13-0ct99]  6:30:00 7.296
11-Apr-99 7:00:00 21.301 7:00:00{ 9.628 13-Oct-99 ‘L’OO‘OO |
) ! 7:30:00|
9.984 13-Oct-99! 8:00:00 7.296
8:30:00 21.301 29-Jun-99 8:30:00 10.323 13-Oct-99 8:30:00 7.296
9:00:00 21.301 29-Jun-99 9:00:00 14.140 13-Oct-99 9:00:00 7.296
11-Apr-99|  9:30:00]  21.301]  29-Jun-99| 9:30:00]  66.657| 13-Oct-99|  9:30:00] 7276
11-Apr-99 10:00:00| 21.301 IOCN:N] 52.862 l3-0et-99| IONOO] -
11-Apr-99] ~ 10:30:00]  21.914 10:30:00] . |
11-Apr-99]  11:00:00 21.914 ; S S
11-Apr-99]  11:30:00 21.914 29-Jun-99]  11:30:00 19.446 13-0ct-99|  11:30:00 6.695
11-Apr-99 12:00:00 21.914 29-Jun-99 12:00:00 18.240 13-Oct-99 12:00:00 6.993
11-Apr-99|  12:30:00 22.536]  29-Jun-99]  12:30:00 15.856 13-0ct-99]  12:30:00 6.993]
11-Apr-99]  13:00:00 21914 29-Jun-99|  13:00:00 14.485 13-0ct-99]  13:00:00 6.993
11-Apr-99|  13:30:00 21914 29-Jun-99]  13:30:00 67.985 13-0ct-99]  13:30:00 6.972
1T-Apr-99|  14:00:00 22,536  29-Jun-99]  14:00:00 74.176]  13-0ct-99|  14:00:00 6.695
11-Apr-99|  14:30:00] 21.914]  29-Jun-99]  14:30:00 79.477 13-0ct-99]  14:30:00 6.972
11-Apr-99[  15:00:00 21.301 29-Jun-99]  15:00:00 84.895 13-0ct-99]  15:00:00 6.695
11-Apr-99 15:30:00 21.301 29-Jun-99 15:30:00 88.974 13-Oct-99 15:30:00 6.972
11-Apr-99]  16:00:00 21.301 29-Jun-99]  16:00:00]  90.040 13-0ct-99]  16:00:00 6.674
11-Apr-99|  16:30:00 21.301 29-Jun-99]  16:30:00 85.649 13-0ct-99]  16:30:00| 6.695
11-Apr-99]  17:00:00 21.301 29-Jun-99]  17:00:00 77.288 13-0ct-99  17:00:00 6.993
11-Apr-99 17:30:00 22.536 29-Jun-99 17:30:00 32,983 13-Oct-99 17:30:00 7.013
11-Apr-99]  18:00:00 24.464]  29-Jun-99]  18:00:00 35.667 13-Oct-99]  18:00:00 7276
11-Apr-99|  18:30:00 28.719 29-Jun-99]  18:30:00 39.289 13-Oct-99]  18:30:00 6.993
11-Apr-99]  19:00:00 32.809 29-Jun-99]  19:00:00 42313 13-Oct-99|  19:00:00 6.993
1T-Apr-99[  19:30:00 36.320 29-Jun-99|  19:30:00 47.022 13-0ct-99|  19:30:00 7.013
11-Apr-99|  20:00:00 42.924]  29-Jun-99|  20:00:00 51.126 13-Oct-99]  20:00:00 7.381
11-Apr-99|  20:30:00 53.912 29-Jun-99]  20:30:00 56.363 13-Oct-99]  20:30:00 8.819
11-Apr-99]  21:00:00 65.168]  29-Jun-99  21:00:00 58.399 13-Oct-99|  21:00:00 12.407
11-Apr-99[  21:30:00 75.126 29-Jun-99]  21:30:00 28.880 13-Oct-99]  21:30:00 15.076
11-Apr-99|  22:00:00 80.466 29-Jun-99]  22:00:00 30.645] 13-Oct-99]  22:00:00 20.408]
]' 11-Apr-99]  22:30:00 83216 29-Jun-99]  22:30:00 23.899]  13-Oct-99  22:30:00 34.966
[ 11-Apr-99] 23:00:00 80.466 29-Jun-99]  23:00:00 25.171 13-0ct-99|  23:00:00 67.141
[ 11-Apr-99]  23:30:00 77.769 29-Jun-99|  23:30:00 25.890 13-0ct-99]  23:30:00 96.588
[ 11-Apr-99 0:00:00 72.535 29-Jun-99]  0:00:00 26.803 13-Oct-99 0:00:00 124.083]
‘r IZ-:\pr-r‘)‘) 0:30:00 67.568 30-Jun-99 0:30:00 21.383j 14-Oc1-99; 0:30:00 153.499
| 12-Apr-99 1:00:00 62.819 30-Jun-99 1:00:00 22.151 14-Oct-99) 1:00:00 177.742
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12-Apr-99]  1:30:00 59387  30-Jun-99]  1:30:00 16.786]  14-0ct-99]  1:30:00]  195.102
12-Apr-99]  2:00:00 54983 30-Jun-99]  2:00:00 17322 14-0ct-99]  2:00:00]  206.309
12-Apr-99]  2:30:00 SI807|  30-Jun-99]  2:30:00 17.867|  14-0ct-99]  2:30:00]  210.609
12-Apr-99|  3:00:00 49750 30-Jun-99|  3:00:00 18422 14-0ct-99]  3:00:00]  207.743
12-Apr-99|  3:30:00 46.754]  30-Jun-99|  3:30:00 18.986]  14-0ct-99]  3:30:00]  198.181
12-Apr-99]  4:00:00 44815]  30-Jun-99]  4:00:00 19.561 14-0ct-99|  4:00:00]  186.784
12-Apr-99|  4:30:00 43864[  30Jun-99]  4.30:00 20,145  14-0ct-99]  4:30:00]  175.716
12-Apr-99|  5:00:00 41.996] 30-Jun-99]  5:00:00 20302 14-0ct-99|  5:00:00]  162.998
12-Apr-99]  5:30:00 41015]  30-Jun-99|  5:30:00 14.739]  14-0ct-99]  5:30:00]  149.126
12-Apr-99]  6:00:00 40.049]  30-Jun-99]  6:00:00 14759  14-0c1-99]  6:00:00]  137.940
12-Apr-99|  6:30:00 39.096]  30-Jun-99[  6:30:00 14788 14-0ct-99]  6:30:00]  130.725
12-Apr-99|  7:00:00 38.057]  30-Jun-99|  7:00:00 15236]  14-0ct-99]  7:00:00]  125.491
CLApewy] 000 38,157 30-Fun99]  7:30:00 15.709]  19-0ct99]  7:30:00] 122408
12-Apr-99|  8-00:00 37232 0-Jun99|  B0000 15743  14-0ct-99]  8:00:00]  120.381
12-Apr-99|  8:30:00]  37.232]  30-fun-99|  &:30.00 16260]  13-0et-99]  8:30:00] 118.667
12-Apr99|  9.00.00 36320  a0-Jun99|  S.00000 16504] 14Da-99]  0:00:00] 117.081
1Z-Apr-9| 930000 363200 30-Juns|  9:30:00 13.052]  14-Dcw-99|  G30:00] 116,857
12-Apr-79)  10:00:00 36420 30-Jun-99|  10:00:00 13079 14-0ce-99] 10:00:00]  113.612
12-Apr-39|  10:30:00 35422 30-Jun-99|  10:30:00 13368 14-0ct-99] 10.30:00]  111.847
12-Apr4]  [1:00:00 35423 30-Jun99| 110000 13468 14-0ct-09]  11.00:00] 108472
1Z-Apro9| 1130000 F453E]  I0-Jm-99| 110000 13.496]  14-0ct99] [1:30:00] 103780
12-Apr-99| 12:00:00 I3667] 30-JunD9| L0000 13892] 140ct-99] 12:00:00] 100,449
12-Apr-a9]|  12:30:00 IZHOS|  0-Jun-o9]  12-30,00 13920 14-0et-99|  12.30:00 94,461
12-Apr-59] 130000 33667] 0-hm-99|  13:00:00 14.156]  14-0ct99]  13.00:00 90,040
12-Apr-99]  13:30:0 33667  0-Jun-99]  13:30:00 118z ta-Der99|  13:30:00 §5.649
12-Apr79|  14:00:00 32809] 30-Jun99|  1E00:00 10868  14-0ct99]  14.00:00 B0.197
12-Apr-89] 143000 32RO -dun-99]  14:30:00 12235 140ct95  14:30:00 76.180
[TAprg[  [5:00:00 32809] 30-Jun99]  15:00.00 12239 14-0ct99|  15:00:00 T2.286
12-Apr-99 15: 30406 31905 A0-Jun-99) 153000 12239 T4-Oet-9% 15:30:00 6F.545
12-Apr99]  16:00:00 31133 30-Jun-99]  [6:00:00 12263]  14-0ce99|  16:00:00 63,012
12-Apr-99]  16:30:00 30065 30-Jun-99]  16-30:00 12642 [4-0ct99|  16:30:00 62666
13-Apr-99]  17:00:00 36| I0-JunB9] 170000 12312  14-0ct99]  [7:00:00 60,360
1Z-Apr-38]  17:30.00 30316  30-Jun-99|  17:30.00 10734 13099  (7:30:00 ERED]
12Ap99]  18:00:00 N[ I0-Jun-9| 130000 11332 14-0ct-99] 1£:00:00 55022
12-Apr-99|  18:30:00 29511 30-Jun-99| 13000 11.452] 14-0ct99] 18:30:00 53772
12-Apr-99]  19:00:00 29.511 I0-Yun59|  19:00:00 11452]  140ct59  19:00:00 51670
12-Apr-559]  19:30:00 29,511 F0-JunoH|  19:30:00 11452]  14-0ct99]  19:30:00 40683
12-Apr-99]  20:00:00 8719 30-Ten98]  20:00:00 11.473]  14-0ct99]  20:00:00 4B542
12-Apr-99]  20:30:00 28719  30-Jun-29| 20.30:00 11.842]  14-0ct99] 20:30:00 45.713
12-Apr-99]  21:00:00 BING|  30-hun99|  ZE00:00 [1.741 14-0ct-99]  21:00:00] 24689
12-Apr-99]  21.30:00 IWF10|  30-hn09|  21:30:00 10.323]  140et:99] 21:30:00] 42862
12-Apr-99]  22:00:00 28719 30-Jun-99|  22:00:00 10323 14-Oct-99|  22:00:00 41.931
12-Apr-99|  22:30:00 27.940]  30-Jun-99|  22:30:00 10323]  14-0ct-99]  22:30:00 40.887
12-Apr-99]  23:00:00 27940]  30-Jun-99]  23:00:00 10348 12-0ct-99]  23:00:00 39.034
12-Apr-99|  23:30:00 27.940]  30-Jun-99|  23:30:00 10693 14-Oct-99]  23:30:00 38.005
12-Apr-99|  0:00:00 27.174]  30-Jun-99]  0:00:00 10.693]  14-0ct-99]  0:00:00 37.171
13-Apr-99[  0:30:00 27.174 17199 0:30:00 10693 15-0ct-99]  0:30:00 36.261
13-Apr-99]  1:00:00 27.174 1574199 1:00:00 10597|  15-0ct-99]  1:00:00 35243
13-Apr-99]  1:30:00 27.174 1799 1:30:00 9254 15-0ct-99]  1:30:00 32.753
13-Apr-99]  2:00:00 27.174 1-Jul-99|  2:00:00 9278 15-0ct-99]  2:00:00 31.909
13-Apr-99|  2:30:00 27.174 1Jul99|  2:30:00 9604]  15-0ct-99]  2:30:00 31.079
13-Apr-99]  3:00:00 26.481 1Jul-99]  3:00:00 9.604]  15-0ct-99]  3:00:00 30.316
13-Apr-99]  3:30:00 26481 1-Jul-99]  3:30:00 9604  15-0ct-99]  3:30:00 30.262




13-Apr-99]  4:00:00] 26481 1Jul99]  4:00:00] 9628]  15-0ct-99]  4:00:00]  29.458
13-Apr-99|  4:30:00]  26.481 TJul-99|  4:30:00] 9.9 150ct-99|  4:30:00]  28.667
13-Apr-99|  5:00:00]  26.481 1-Jul-99|  5:00:00 0868  15-0ct-99]  5:00:00]  27.889
13-Apr-99|  5:30:00] 26481 1-7ul-99 s:zo.n% 8.57 15-0ct-99|  5:30:00]  27.128
13-Apr-99|  6:00:00]  26.481 TJul-99|  6:00:00] 8. -—l 15-0ct99|  6:00:00]  26.436
13-Apr99|  6:30:00]  25.799 1Jul-99|  6:30:00] 8597|  15-0ct99|  6:30:00]  25.754
13-Apr-99|  7:00:00]  25. 1-Jul-99|  7:00:00 8911]  15-0ct99]  7:00:00]  25.126
7:30:00] 26481 1-Jul-99]  7:30:00 8011]  15-Oct99]  7:30:00]  25.082
13-Apr-99|  8:00:00 25.799 1-Jul-99|  8:00:00 8034  15-Oct-99  8:00:00 24377
13-Apr-99|  8:30:00 25.799] T-Jul-99]  8:30:00 9.254]  15-0ct-99] - 8:30:00 23.127
13-Apr-99]  9:00:00]  26.481 T-Jul-99]  9:00:00 9.187] . 15-0ct-99]  9:00:00]  22.536
13-Apr-99|  9:30:00]  25.799 T-Jul-99]  9:30:00 8245  15-Oct-99
13-Apr-99| 10:00:00]  25.799| 1-Jul-99|  10:00:00 8.245|  15-0ct-99] 10:00:00]  21.873
13-Apr-99|  10:30:00 25,799 1-Jul-99|  10:30:00 15-0ct-99]  10:30:00 21.301
“13-Apr99  11:00:00]  26.481 T-Jul-99|  11:00:00 8267|  15-0ct99] 11:00:00]  21.301
13-Apr99| 11:30:00]  25.126| 1-Jul-99]  11:30:00 8575  15-0ct-99| 11:30:00]  21.261
|~ 12:00:00] _ 25.126 1-Jul-99]  12:00:00] 8.553]  15-Oci-99| 12:00:00]  20.698
13- 12:30:00]  25.126 T-Jul-99|  12:30:00] 8.245]  15-Oct99] 12:30:00]  20.698
13-Apr-99|  13:00:00{  25.799 T-Jul-99|  13:00:00 8.224|  15-0ct99] 13:00:00]  20.659
13-Apr-99| 13:30:00]  25.799]  1-Jul-99| 13:30:00 7923  15-Oct-99] '
13-Apr-99|  14:00:00]  25.799] 1-Jul-99|  14:00:00] 7922 |
13-Apr-99|  14:30:00 25.799) 1-Jul-99|  14:30:00 7922]  15-0ct-99]  14:30:00 19.522
T3-Apr-99| 15:00:00]  25.799] 1-Jul-99| - 15:00:00] 7.922] 15-Oct-99| 15:00:00 19.522
T13-Apr-99|  15:30:00]  25.126 TJul99|  15:30:00] 7.944|  15-0ct-99|  15:30:00 19.484
16:00:00|  24.464 1Jul-99|  16:00:00] 8.245|  15-0ct99| 16:00:00]  18.911
T13-Apr99| 16:30:00]  24.464 1-Jul-99]  16:30:00{ 8224]  15-0ct-99] - 16:30:00|  18.384
13-Apr99| 17:00:00]  25.126 1Jul99|  17:00:00{ 7.944|  15-0ct99|  17:00:00 18.347
13-Apr99| 17:30:00]  24.464] TJul99| 17:30:00]  8.245 15-0&-99' 17:30:00] _ 17.830
T13-Apr-99|  18:00:00]  25.126] 1-Jul-99|  18:00:00 $.224]  15-Oct-99 |
T3Apr99| 183000  25.126]  1Jul99| 1830:00]  7923]  15-0ct:99] 18:30:00] _ 17.794
13-Apr-99|  19:00:00|  25.126 TJul-99[ 19:00:00]  7944]  15-Oct-99| 19:00:00 17.285
13-Apr-99| 19:30:00]  24.464 1Jul-99[  19:30:00 3.224]  15-0ct-99] 19:30:00] 17322
13-Apr-99|  20:00:00|  25.126 1-Jul-99| _ 20:00:00 7 15-Oct-99]  20:00:00 17.830
20:30:00|  24.464 1-Jul-99|  20:30: 7923  15-0ct-99] 20:30:00 17.794
13-Apr-99| 21:00:00]  24.464 1-Jul-99]  21:00:00} 7.966]  15-0ct:99] 21:00:00 17285
13-Apr-99| 21:30:00]  24.464] T-Jul-99|  21:30:00 8.553|  15-0ct-99| 21:30:00 17.285
13-Apr-99|  22:00:00]  24.464 1-Jul-99]  22:00:00 8245  15-0ct-99]  22:00:00 17.285
13-Apr-99| 22:30:00]  24.464 1-Jul-99|  22:30:00 8224]  15-0ct99] 22:30:00]
13-Apr-99|  23:00:00 24.464 1-Jul-99|  23:00:00 7922]  15-0ct-99| 23:00:00]  17.285
13-Apr-99| 23:30:00]  24.464 1-Jul-99|  23:30:00 7944|  15-0ct-99| 23:30:00 17250
13-Apr99|  0:00:00 24464 T-Jul-99]  0:00:00 8245|  15-Oct-99]  0:00:00 16.750
0:30:00 24.464 2Jul-99]  0:30:00]  8245| 16-Oct-99]  0:30:00 16.750
14-Apr-99|  1:00:00]  24.464 2Jul99]  1:00:00] 8459  16-Oct-99]  1:00:00 16.750
14-Apr99|  1:30:00]  24.464 2-ul-99|  1:30:00 114 16-0ct-99]  1:30:00 16715
14-Apr-99|  2:00:00]  23.811 2-Jul-99]  2:00:00 10.693]  16-Oct- 2:00: 16225
Ta-Apr99|  2:30:00]  23.811 2-Jul-99]  2:30:00 10.693]  16-Oct-99]  2:30:00 16.225
14-Apr-99|  3:00:00]  23.811 2-Jul-99]  3:00:00 10.668]  16-Oct-99]  3:00:00
14-Apr-99|  3:30:00|  23.811 2-7ul-99|  3:30:00 |
14-Apr99|  4:00:00]  23.811 2-Jul-99|  4:00:00 9936]  160c199]  4:00:00 15.202
14-Apr-99|  4:30:00]  23.811 2-Jul-99|  4:30:00 9. 16-0ct-99]  4:30:00]  15.173
T4&-Apr-99|  5:00:00,  23.811 2-3ul-99]  5:00:00 9243|  16-0ct99|  5:00:00 14.759
14-Apr-99|  5:30:00,  23.811 2-Jul-99|  5:30:00 13.920] 16-0ct99|  5:30:00 14.759
6:00:00| _ 23.811 2-3ul-99|  6:00:00]  14.265|  16-0ct-99|  6:00:00 )
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14-Apr-99]  6:30:00]  23.811 2-Jul-99]  6:30:00]  13.440] 160ct-99]  6:30:00]  14.729]
14-Apr-99|  7:00:00] 23811 2Jul9|  700:00( 13.024] 160ct-99 7:00:00] 14322
14-Apr-99|  7:30:00 23811 2-Jul-99|  7:30:00]  12.615|  16-0ct-99|  7:30:00]  14.322
14-Apr-99|  8:00:00 23.169 2-Jul-99|  8:00:00 12212 16-0ct-99]  8:00:00]  14.322
14-Apr-99|  8:30:00 23.811 2-Jul-99|  8:30:00]  11.842] 16-0ct-99|  8:30:00 14.293
14-Apr-99|  9:00:00 23.811 2Jul-99|  9:00:00] 12278  16-0ct99|  9:00:00 13.892
14-Apr-99|  9:30:00]  23.169 2-Jul-99|  9:30:00] 18384]  16-Oct-99] 9:30:00]  13.863
14-Apr-99|  10:00:00 24.464 2Jul-99| 10:00:00] _ 18.311] 16-Oct-99]  10:00:00 13.468
14-Apr-99|  10:30:00 23811 2-Jul-99|  10:30:00 17.215]  16-Oct-99] - 10:30:00 13.468
14-Apr-99| 11:00:00]  23.811 2-Jul-99|  11:00:00 16.127]  16-0ct-99| 11:00:00]  13.468
14-Apr-99|  11:30:00]  23.811 2-Jul-99|  11:30:00 14729]  16-0ct99| 11:30:00]  13.468
14-Apr-99|  12:00:00] 23311 2Jul-99|  12:00:00]  14.293|  16-0ct99| 12:00:00]  13.440
14-Apr-99| 12:30:00]  24.464 2-Jul-99|  12:30:00 13.892] 16-Oct-99| 12:30:00]  13.052
14-Apr-99|  13:00:00 23.169 2-Jul-99|  13:00:00 13.920]  16-0ct-99|  13:00:00 13.052
14-Apr-99|  13:30:00 23811 2-Jul-99]  13:30:00 14.351] 16-Oct99] 13:30:00 13.052
14-Apr-99|  14:00:00]  24.464] 2-Jul-99|  14:00:00 14.788]  16-0ct-99| 14:00:00]  13.024
14-Apr-99|  14:30:00]  23.169) 2Jul-99| 14:30:00]  15270]  160ct-99| 14:30:00]  12.642
14-Apr-99|  15:00:00]  23.169 2-Jul-99|  15:00:00 16260]  16-0ct-99| 15:00:00]  12.615]
14-Apr-99|  15:30:00 22.536 2-Jul-99|  15:30:00 16.786]  16-0ct-99| 15:30:00|  12.239
14-Apr-99|  16:00:00 23.169 2-Jul-99]  16:00:00 17.359] 16-0ct-99| 16:00:00] 12239
14-Apr-99|  16:30:00]  23.169 2-Jul-99|  16:30:00 18384] 16-0ct-99] 16:30:00] 12239
14-Apr-99|  17:00:00| zs.ml 2-Jul-99|  17:00:00 17872]  160c99| 17:00:00] 12212
14-Apr-99|  17:30:00 23.169 2-Jul-99|  17:30:00 10.744]  16-0ct-99] 17:30:00]  11.868
14-Apr-99|  18:00:00 23.169 2-Jul-99|  18:00:00 11.452]  16-0ct-99|  18:00:00 12.239
14-Apr-99|  18:30:00 22.536 2-Jul-99|  18:30:00 11.478]  16-0ct-99]  18:30:00 12212
14-Apr99|  19:00:00 23.169] 2-Jul-99|  19:00:00 11.868]  16-0ct-99] 19:00:00]  11.842
14-Apr-99| 19:30:00]  22.536 2-Jul-99|  19:30:00 xmf 160ct-99| 19:30:00]  11.842
14-Apr-99|  20:00:00 23.169 2Jul-99| 20:00:00]  12.669] 16-Oct-99] 20:00:00]  11.842|
14-Apr-99|  20:30:00 22.536 2-Jul-99|  20:30:00 13.108]  16-Oct-99]  20:30:00 11.842
14-Apr-99|  21:00:00 22.536 2-Jul-99|  21:00:00 13.560]  16-Oct-99|  21:00:00 11.842
14-Apr-99|  21:30:00]  22.536 2-Jul-99|  21:30:00 8934] 16-0ct-99] 21:30:00 11.842
14-Apr-99|  22:00:00]  22.536] . 2-Jul-99| 22:00:00] 9254 16-0ct:99] 22:00:00] 11842
14-Apr-99  22:30:00 22.536 2-Jul-99|  22:30:00| 9254 16-0ct-99| 22:30:00]  11.842
14-Apr-99| 23:00:00]  22.536 2-Jul-99|  23:00:00 9.278]  16-Oct-99|  23:00:00 11.842
14-Apr-99|  23:30:00 22.536 2-Jul-99|  23:30:00 9.628] 16-0ct-99 23:30:00 11.816
14-Apr-99|  0:00:00] 22536 2-Jul-99|  0:00:00]  9.960] 16-0ct99] 0:00:00|  11.452]
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HOURLY PRECIPITATION SYRACUSE, NY

(WATER EQUIVALENT IN INCHES) APRIL 1999 SYR  WBAN # 14771
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NOAA, National Climatic Data Center
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HOURLY PRECIPITATION SYRACUSE, NY

(WATER EQUIVALENT IN INCHES) JUNE 1999 SYR  WBAN # 14771
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NOAA, National Climatic Data Center PAGE 2
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HOURLY PRECIPITATION SYRACUSE, NY

(WATER EQUIVALENT IN INCHES) JULY 1599 SYR  WBAN # 147711
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HOURLY PRECIPITATION SYRACUSE, NY

{WATER EQUIVALENT IN INCHES) OCTOBER 1953 SYR  WBAN # 14771
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Vita
Name
Elizabeth E. Coyle

Date and Place of Birth
June 5, 1965 Lexington, Kentucky

Education
Name and Location Dates Degree
High School: Thomas J. Corcoran 6/82 Regents Diploma
Syracuse, New York
College: Onondaga Community College 5/94 AS
Syracuse, New York
College: SUNY-ESF 5/96 BS
Syracuse, New York
| Grad. School: SUNY-ESF 5/02 MS
{ Syracuse, New York
Employment
! Employer Dates Job Title
i NYSDEC 7/98 — 5/02 Env. Engineer 1

Syracuse, New York
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