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Abstract

Nonpoint source water pollution is a gradual and often sub-
tle hazard, especially to water quality. Custom-derived satel-
lite imagery-based land-cover data have proven useful in the
creation of nonpoint source water pollution potential models
but are expensive and time consuming to create. This study
examines the potential of an existing satellite-based (TM)
land-cover data set {Coastal Lh(m,qp Analysis Program] in a
rapidly developing coastal area. A comparison is made of
generalized and delailed hydrologic soil groups in compiling
permeability values. Two distance-to-water variables are also
tested in the spatial model. Resulls indicale thal C-CAP dala
can provide a useful land-cover database for such work.
Both soil groupings may have utility, but weightled distance
measures provide a more accurate representation of non-
point source water pollution potential sources and spatial
distribution.

Introduction

Nonpoinl source water pollution has been defined as *“‘the in-
pul Lo a receiving body ol waler, negatively impacting that
water’s beneficial uses, whose source is broad and diffuse
pollution resulling from land runoll, precipitation, atmosphe-
ric deposition, drainage, and seepage’ (Chandler, 1994).
Nonpoint source water pollution is a major contributor to the
degradation of water quality and is of critical relevance in
the conservation of natural resources and environmental
quality assessments. As water runoff moves over the land,
pollutants resulting from human activity are picked up and
deposited into rivers, lakes, and other bodies of water. Pol-
lutants dissolved in the runoff are generally more biologi-
cally available in waterbodies than sediment-based fractions
and can be potentially more harmful (DEC, 1990).

Nonpoint source waler pollulion is a subtle and indirect
hazard to the environment. It is usually not an episodic
evenl; rather, il contributes and produces a gradual deleriora-
tion of environmental condilions. For example, as a health
hazard it contributes to fecal pollution and nultrient enrich-
ment of water supplies (Byl et al.,
water quality potentially endangers the quality and quantity
of coastal wetlands which in turn adversely affects the sus-
ceptibility to flooding, shoreline erosion and rate and quality
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of underground aquifer recharge (Mitsch and Gosselink,
1993; Harbor, 1994). Nonpoint source water pollution affects
our health, quality of life, economic well-being, and recre-
ation, as well as the survival of fish and w lldllls’ and ecosys-
tems integral to natural resource preservation. Monitoring
and managing water quality and the associated nonpoinl
source factors contributing to water pollution potential are of
major importance in evalualing currenl and future urban de-
velopment and non-urban land-use practices. This study re-
porls on a spatial model designed to measure such nonpoint
pollution attributes based on existing satellite-derived land-
cover dala.

People have traditionally settled near water because of a
multitude of benefits and advantages: a ready supply of pota-
ble water, proximity to industry and power, easy access to
transportation and commerce, increased soil fertility and ag-
ricultural productivity, safety, and even for waste disposal.
Such human settlement has also resulted in loss of land and
soil through erosion, degradation of water qualily and wild-
life habitat, and disruption of the natural ecosystem. Conse-
quently, human use ol water and its adjacent 1ip|rm(1‘-, has
historically been one of the major factors responsible for wa-
ler pullulmu and the subsequent decline in water quality.
Urban, residential, and agricultural land use produce consid-
erable disturbance of the natural habitat resulting in some of
the highest potential for nonpoint source water pollution,

Coastal settlement areas, because of their dynamic na-
ture, are particularly susceptible to environmental impacts of
nonpoint source water pollution on shorelines and wetlands.
In urban areas, pervious spaces such as vegetation and for-
ested lands are converted to impervious rooftops, parking
lots, streets, and sidewalks, increasing runoffl volume and
pollutant loadings. Runoff typical of urban areas includes
sediment, nutrients, oxygen-demanding substances, road
salts, heavy metals, petroleum hydrocarbons, pathogenic bac-
teria, and viruses (EPA, 1993; DEC, 1990). Agricultural activ-
ity is considered by the Environmental Protection Agency
(EPA) to be the nation's most widespread nonpoint source for
water quality pollution through fertilizer. pesticide, and her-
hicide runoff; soil erosion; and animal and |1ldnl wastes (Jak-
ubauskas et al., 1992). Resulting pollutants include soluble
nutrients and chemicals such as nitrogen, phosphorous, met-
als, and salts among others (EPA, 1993). Residential land use
is somewhat a mixture of urban and agricultural land use,
generating nonpoint source pollution components from both
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Figure 1. Location of Carmans River study area, Long Is-
land, New York.

land-use types with variable levels of pollulion concenlra-
tions.

State and lederal governments have targeted the identifi-
cation and control of nonpoint source water pollution runoff
as a major goal for pollution abalemenl (Subra et al., 1994).
Among the most effective and economical controls are land-
management techniques designed to modify or change pres-
ent land-use activities and practices through financial incen-
lives, voluntary compliance, or regulation (Rifai et al., 1993).
Because urban arcas and the conversion of land to urban ar-
eas conltribute heavily to nonpoint source water pollution,
one way lo implement such a management program is to fo-
cus on patterns of urbanization. But, to control and monitor
these conditions, it is necessary to know what the current
land uses are and how they are spatially distributed in the
area(s) of concern, often at the parcel level. High quality spa-
tial data requisite to support these data needs can be pro-
vided by geographic information systems (c1S) and remote
sensing techniques (Jakubauskas et al., 1992; Pelletier, 1985).

Several studies have illustrated the role of remote sens-
ing and GIS in supplying data and information for assessing
nonpoin! source waler pollution attributes and formulating
land resource planning and management strategics. Newell et
al., (1992) created a ranking of nonpoint source water pollu-
tion loads in Galveston Bay, Texas, using eight land-use cate-
gories derived from Landsal T™ data incorporated with soil
run-off models, rainfall amounts, and water quality param-
eters. Subra and Waters (1993) examined an area of south-
western Louisiana to develop a prototype nonpoint source
water pollution model using 15 land-cover types mapped
from T™ imagery, watershed, hydrography, slope, and soil
type data. A Connecticut watershed was the focus of re-
search by Nelson and Arnold (1995). Six categories of land
cover were extracted from TM imagery and weighted by their
percenl of impervious area to produce current and future
runoff values.

Each of these studies demonstrated the ability of satellite
remote sensing, and Thematic Mapper imagery in particular,
lo generate land-cover information useful in nonpoint source
water pollution potential analysis, but each study also gener-
ated its own customized land-cover categories by original
analysis and classification of satellite imagery. While (his
procedure is useful, it is also somewhat time consuming and
expensive compared lo using a widely available existing
land-cover database.

The National Oceanic and Atmospheric Administration’s
Coastal Change Analysis Program (C-CAP) is a national pro-
gram designed to inventory and monitor habitat change in
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the nation’s coastal regions on a five-year basis using satellite
imagery (Dobson et al., 1995). The emphasis is on manage-
ment of wetlands and their upland drainage basins. and their
relationships and impacts on lisheries, The classilication sys-
tem focuses on land-cover classes that can be discriminated
from satellite imagery in a hierarchical manner reflecting ec-
ological conditions and relationships. Four categories of wet-
lands and seven types of upland land cover are specified
initially, along with protocols for data format, map registra-
tion, and metadata documentation. When possible, the proto-
col recommends that the land-cover classes from this first
hierarchical level be further subdivided into secondary lev-
els. C-CAP data are to be disseminated in digital form to any-
one wishing to incorporate them in geographic analysis. The
spectral data comprising each land-cover class is provided
with the metadata so that anyone wishing to modify or use
the digital spectral data comprising each class as a GIS layer
or other function may do so. The availability, quality, value,
and consistency of this database make il extremely attractive
for possible use in studies of nonpoint source water pollu-
tion potential as well as other applications.

This investigation reports the outcome of a pilot study to
creale a nonpoinl source waler pollulion polenlial model
that incorporates and evaluates the utility of c-CAr-derived
land-cover information for such models. It also examines the
effect of generalized soils data on measurement of potential
nonpoinl source water pollution sources and the role of a
distance-to-water variable. It is the first step in an effort to
develop raster-based models which can produce pollution as-
sessment information at a spatial level which relates to land-
use parcel data. The research is part of a larger effort to ex-
amine the contribution of remote-sensing-derived informa-
tion to New York’s coastal environment resource manage-
ment programs.

Study Area

Long Island New York is subject to a steep development gra-
dient ranging from the boroughs of New York Gity through
the heavily developed suburbs of Nassau County and wesl-
ern Suffolk County to the rural agricultural areas, woodlands,
and small settlements characleristic ol eastern Sulfolk
County and its North and South Forks. The population of
eastern Long Island doubled each decade from 1960 to 1980.
Surrounded by water and long a home to human popula-
tions, water-dependent industries, and recreation, water qual-
ity has always been a concern of Long Island. However, little
discipline and inadequate planning over much of the three-
hundred years since colonial settlement have led to a degra-
dation of the environment and a recognition of the need to
monitor and manage present land use and future growth
(Kavenagh, 1980).

The Carmans River watershed, located in central Suffolk
County and emptying into the Great South Bay, was selected
as an appropriale study area for several reasons (Figure 1). It
is one of Long Island’s four major watersheds and home to
several important finfish populations and related commercial
and recreation activities. It is an area that is currently not
heavily developed but is subject to steep development pres-
sures from an expanding population with ready expressway
transportation links to western Long Island and New York
City. The area is also part of the South Shore Estuary Re-
serve, a major focus of coastal resource management by the
Stlale of New York. In conlrasl o the already exlensively
built-up and built-out areas of western Long Island, the Car-
mans River area largely awaits the impacts and effects of
future development.

The 85-sq-km (20,995-acre) drainage basin contains a
mix of land cover typical of Long Island—palustrine and es-
tuarine wetlands. forests of predominantly oak-pines in vari-

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING




ous mixes, grasslands, some cultivated fields, bare ground,
and a cross-section of developed land cover. The watershed
is part of a deep aquifer recharge with shallow flow subsys-
tems. Soils, comprised of sand, gravel, and clay deposits
with coarse sediments, are generally deep and excessively
drained.

Methodology

Imperviousness has been shown to be an effective and feasi-
ble (it can be calculated) vehicle for the measurement of
nonpoint source water pollulion potential (NSWPP), Impervi-
ousness influences hydrologic changes in waterways, is a
characteristic of land uses and land covers thal are a major
contributor to NSWPP, prevents percolation, and transports
pollutants into waterways (Arnold and Gibbons, 1996). In
this study C-CAP-derived land-cover type, hydrologic soils
groups, soil permeability, and distance to water are used to
calculate imperviousness, model NSWPP, determine NSWpp
sources, and assess total NSWPP load in the watershed.

The Carmans River study area was delimited by drawing
a half-mile buffer from the river. The half-mile boundary was
selected based on underground aquifer characteristics of the
area that effectively minimize the utility of traditional topo-
graphic boundary definition. Specifically, subsurface ground-
water flow, a major contributor to river flow, does not follow
contours because of the area’s highly pervious sandy soils.
The watershed boundary was then adjusted to include all of
any split land-use parcels bridging the watershed boundary;
roads were used to further adjust and refine the study
boundary line. This process will permit the dala from the
study to be merged with land-use parcel data for use in a
build-out analysis and subsequent refinement and expansion
of the spatial model in progress.

A subset of the nine-category (Bare, Cultivated, Devel-
oped, Grassland, Water, Palustrine Wooded Wetland, Palus-
trine Emergent Wetland, Estuarine Emergent Wetland, and
Wooded) c-car Long Island land-cover classification (Hen-
derson et al., 1998) was made of the Carmans River study
area. Although these categories could have been used to test
the C-CAP data, a decision was made to create sub-categories
of the Developed class lo provide more detailed input to
land cover considered to have a great effect on NSWPP in ur-
ban areas. This step also employed the intended concepl be-
hind the ¢c.cApP metadata concept. The spectral signatures for
the Developed class were obtained from the C-CAP metadata.
An unsupervised classification was performed on the spec-
tral signatures comprising the Developed category to produce
three sub-classes (High Intensity Developed, Medium Inten-
sity Developed, and Low Intensity Developed). High Intensity
Developed contained land cover such as highways and park-
ing lots that were at least greater than 80 percent impervious;
Medium Intensity Developed was land cover that was still
primarily impervious (50 to 80 percent) but vegetation (grass-
land and wooded) and other cover types were present in the
pixel; Low Intensity Developed was comprised of a mixture
of land covers with 30 to 49 percent constructed materials,
These categories were empirically defined using a combina-
tion of breakpoints in the spectral data, visual examination
ol NAPP photography, compatibility with TR-55 model classes
Soil Conservation Service guidelines (SCS, 1986), and refer-
ence to calegories delined by Ridd (1995). Accuracy tests in-
dicated that each category was at least Y0 percent accurate.
These calegories were then merged wilh the other eight c-
cAp land-cover classes to produce the eleven-category land-
cover map and data.

The usba Suffolk County Soils map of the study area
was digitized and grouped according to Soil Conservation
Service guidelines into four hydrologic soil groups (HSGs)
based on precipitation runoff estimates derived from infiltra-
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tion and transmission rates of saturated soils (SCS, 1986).
The TR-55 model described in the Soil Conservation Service
technical report Urban Hydrology for Small Watersheds
(SCS., 1986) was then used to calculate estimates of perme-
ability based on the 11 c-cAP land-cover types and four soils
groups (Subra and Waters, 1993; Newell et al., 1992; Nelson
and Arnold, 1995). Land-cover classes from the C-CAP classi-
fication were compared and equated to corresponding SCS
TR-55 model land-cover types. This procedure identified a
runoff curve number (a unitless value ranging from 0 to 100)
for each land-cover tvpe based on the watershed’s soils,
plant cover, amount of impervious area, interceplion, and
surface storage. The curve number, inversely proportional to
permeabilitly, provided a measure of impermeability. The
percent of the total watershed occupied by each land-cover
type was multiplied by its derived curve number and
summed to determine the permeability/impermeability of the
entire walershed.

Permeability calculations were completed in two stages
Lo evaluate the value and merit of incorporating various soils
data into the model. Stage one defined all soils in the study
area as Group A. Group A soils consist mainly of deep, well-
drained to excessively drained sands or gravelly sands and
have a high filtration rate and high rate of water transmis-
sion. This soil group was the predominant soils group of
long Island and also depicted a best case (least surface run-
off pollution potential) scenario. The second stage employed
all four soil hydrology groups extant in the study area as de-
rived and digitized [rom the USDA counly soil maps. It pro-
vided an indication of the benefit and necessity of an
expanded soils delinilion,

A distance-to-water buffer consisting of 100 pixels was
created to incorporale a distance variable inlo the model thal
encompassed the entire watershed. Distance was inversely
related to runoll potential. The distance-lo-waler variable in
the model was examined using (1) an average value after that
used by Subra and Waters (1993) and (2) a linear weighted
distance value. In the average distance measure, the values
for permeability (SCS curve numbers) and the distance values
were summed and divided by two, placing equal weight on
both variables. Distance values ranged from zero (low poten-
tial—lar from waler) to 100 (high potential—close lo waler),

The linear weighled distance variable assumes that land-
cover Llype and distance are not equal. Rather, it assumes that
the contribution of runoff from land cover far from water is
less (due to absorption as it passes across intervening land
cover) than the contribution of runoff from land cover close
to the water body (i.e., a linear decline with distance). Sites
with high pollution potential nearest to water are empha-
sized using this approach. The linear weighted distance val-
ues were calculated by multiplying the permeability and
distance values together and dividing the product by 100 to
create an output image with values again ranging [rom 0 to
100, indicating a low to high potential for nonpoint source
pollution potential.

A spatial modeler was used to develop the NSWPP mod-
els. The input raster images were (1) permeability, based on
the land cover and soil group curve values derived from scs
tables, and (2) the distance-to-water values. The first model
derived permeability values based on land-cover type, Soils
Group A, and an average distance-to-water measure. The sec-
ond model used the same data but considered all four Soils
Groups. Based on the results of these two models, the third
model incorporated land-cover type, four Soils Groups, and a
linear weighted distance-to-water factor.

Results and Analysis
The area and percent of the study area occupied by each
land-cover type are listed in Table 1. The largest portion of
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land cover (49 percenl) was Wooded while Low Intensity De-
veloped was the second greatest segment (14 percent); each
of the remaining nine categories comprised eight percenl or
less of the study area.

A comparison was made of the Nswpp for the watershed
using Soils Group A and an average distance-to-water vari-
able, and the difference when four Soils Groups were used
in the spatial model. In the first case, the total permeability
of the watershed with the distance-to-water variable was de-
termined to be 62.3. When the four soils groups were incor-
porated into the model, the permeability decreased to 53.4—
an 8.9 percent increase in potential water runoff due to the
inclusion of more specific soil type variables,

Table 2 provides an indication of the changes in NSWPP
values as a resull of incorporaling additional soil type infor-
mation. Using a single soil type, NSWPP values less than 40
(low pollution potential) occupy just over 19 percent of the
study area, values between 40 and 70 (medium pollution po-
tential) occupy aboul 59 percenlt, and values of 70 and above
(high pollution potential) occupy a little over 22 percent of
the walershed. When all [our soils groups are employed in
the model, the percent of high pollution potential area in-
creases (22 lo 39 percent) while the medium and low pollu-
tion values decrease (58.6 to 43.1 percent and 19 to 17.9
percent, respeclively).

Table 3 provides a comparison of land-cover curve num-
bers and the four hydrologic soils groups. Water and wetland
categories were excluded because their curve numbers (run-
off potential) are 0. The amount of potential runoff (i.e.,
lower curve numbers for each category) would be underesti-
mated using only Soil Group A. The influence of soil type
information was largest for the Grassland and Wooded cale-
gories and Low Intensity Urban. Although Grassland and
Wooded land covers occupy a considerable portion of the
study area, the resulting increase in potential runoff is some-
what mitigated by the fact that their initial curve numbers
(39 and 30) are low. The effect of soil groups data on Low
Intensity Urban values is also evident. As the second largest
land-cover class (after Wooded), the increase in curve num-
ber values from an initial moderate position (61) would have
significant impact in calculating potential runoff for that cat-
egory as well. Bare Ground and Cultivated land cover experi-
ence a slightly lower increase in potential runoff, but they
also have a higher initial curve numbers (77 and 67). Adding
soil group information for these two land covers has an im-
portant impact in calculating the revised potential runoff val-
ues but over a smaller portion of the study area. Bare ground
is often also a transition or seasonal land cover for cultivated
land. The addition of more soils information would not af-
fect the Medium and High Intensity Urban land-cover runoff
potential because large portions of these categories are al-
ready impervious surlaces.

Using only the Group A soils group afforded the oppor-
tunily to compare a best case scenario (minimum NSWPP)
and the possibility of using a single soils type in the model;
incorporation of the four soils groups permitted a compari-
son using data more reflective of actual conditions and varia-
tions. The use of one soil group might prove a useful
indicator of NSWPP conditions when a large area (e.g., entire

TABLE 1. Lanp-Cover CLASSES PRESENT IN THE STUDY AREA

Percent of
Study Area

Area

Land-Cover Type (acres/hectares)

Bare Ground 803/325 4
Cultivated 781/316 B
Grassland 1335/540 i}
Water 1550/627 8
Palustrine Wooded Wetland 53/21 4
Palustrine Emergent Wetland 50/20 <1
Estuarine Emergent Wetland 046/383 5
Wooded 10211/4132 49
High Intensity Urban 795/322 4
Medium Intensity Urhan (h2/264 3
Low Intensity Urban 3019/1222 14

watershed or county) is being viewed at a regional perspec-
tive, and/or when the other soils groups are deemed minor
in percent of total area occupied, are localized in occurrence,
and/or are fragmented in distribution to small areal units.
Still, the data here indicate that the amount of potential run-
off would be underestimated if Group A curve numbers were
used alone, particularly for Grassland, Wooded, and Low In-
tensity Urban land cover occurring over other soil types. Us-
ing all four soils groups allowed much more detail and finer
discrimination of the spatial distribution of NSwrP through-
out the study area, detail that would be lost il only a single
soil group and its associated curve numbers were used in the
model. The expanded model alfords delailed analysis for re-
source-management decisions focused on a specific water-
shed or sub-region, or even individual parcels, increasing the
spatial detail, precision, and functionality of the model for
pollution-related analysis.

The next step compared the merits of the two distance-
to-water values, average and linear weighted. Based on the
results of the single versus multiple soils group comparison,
[our soils groups were used in the model. The result of using
a linear weighted distance-to-water variable in the model and
four soils groups can be seen in Plate 1 and Table 2. It is
quite evident that linear distance weighting significantly re-
duces the overall NSwpP evaluation in the watershed. Com-
pared to the equally valued, average water distance model,
low potential values (0 to 39) in the linear weighted model
have increased from 17.9 to 53.1, medium values (40 to 69)
have decreased from 43.1 to 37.7, and high potential pollu-
tion values (70 to 99) have decreased from 39.0 Lo 9.2. This
technique — a modification of that used by Subra and Wa-
ters (1993) where the NSWPP value was an average of the per-
meability value and the distance value — modified the
distance variable and more precisely reflected the amount of
potential water runoff that would enter into the waterbody
from each land-cover type and location. That is, as the dis-
tance to water increased, the land-cover curve number (im-
permeability) was multiplied by a smaller number that
reflected the decreasing possibility and rate al which waler
runoff from a particular land cover would actually enter di-
rectly inlo the river and bay. Conversely, sites with high wa-
ter pollution potential nearest to water were emphasized; the

Taelr 2. PoLwmon POTENTIAL RESULTS

Percent of Study Area
Using HSG A and Equally Valued

Pollution Potential Water Distance

with All HSGs and Equally Valued

Percent of Study Area Percent of Study Area
Using All HSGs and Weighted

Water Distance Water Distance

0-39 19
40-69 58.6
70-100 22.4

17.9 53.1
43.1 37.7
39.0 9.2
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TaBLE 3. CURVE NUMBERS BY LAND-CovER CLASS AND HYDROLOGIC SoiL

Group
Hydrologic Soil Group
Land-Cover Class A B C D
Bare 77 86 91 94
Cultivated 67 78 85 89
Grassland 39 61 74 80
Wooded Land 30 55 70 77
High Intensity Urban 98 98 98 98
Medium Intensity Urban 89 92 94 95
Low Intensity Urban 61 75 83 87

Curve number for each land cover is derived from Soil Conservation
Service (1986).

distance-to-water criterion accenlualed the importance of
such sources closer to water.

FFor each of the examined models, roads and other land
cover with extensive impervious surfaces (e.g., commercial/
industrial structures, parking lots, and strip development
with little if any vegetated areas) had the highest NSWp po-
tential; Low Intensity Development also retained a relalively
high NSWP potential. Although Wooded land generally mani-
fested the lowest NSWP potential, the model using the linear
distance-to-water variable disproportionately identified
Wooded land cover as a high potential pollution source
when that land cover was found near water.

Summary and Conclusions

This study evaluated the potential of existing satellite-based
land-cover data derived from C-CAP classification protocols to
provide useful input to modeling nonpoint source water pol-
lution potential in a complex coastal environment, the Car-
mans River walershed in eastern Long Island, New York. It
also evaluated the alternatives of using different soils groups
and distance-to-water scenarios in nonpoint source water
pollution spatial models. A model was first created to merge
the land-cover data with hydrologic soils group classes. Per-
meability/runoff values were derived from this information
based on USDA Soil Conservation Service tables. These dala
were then merged with distance-to-water values in spatial
models to create maps of nonpoint source water pollution
potential for the watershed.

The C-CAP land-cover classification does provide a viable
database for nonpoint source water pollution potential stud-
ies at a watershed or regional level. The information avail-
able from this satellite-based data sel provides uselul
detailed information for such analysis, avoiding the time and
expense of generating an original land-cover/land-use classi-
fication. Although the original nine land-cover categories
could have been used in the model, the decision was made
to also test the metadata concept of the C-CAP data and proto-
col. Eight land-cover categories were used as present in the
original C-CAP classification and metadata. The Developed
category was extracted from the metadata and the spectral
signalures were reclassified into three more detailed land-
cover categories reflecting the urban variation in the study
area. The success of this step points lo the ulility of the data
set in modifying the land-cover classification (within the
spectral and spatial constraints of the data) o [il a user’s par-
ticular needs without having to classify the entire area from
original raw data.

Generalizing the contribution of soils type to the model
by using a single soils group may provide useful information
for regional assessment if the generalization conditions are
acceptable to the user. However, the results of this study also
poinl lo the increased detail and precision that is attained
with the curve numbers from four soils groupings: detail that
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was significanl in delermining the overall runoff potential in
the study area and the spatial location of the contributors. A
distance variable also added valuable spatial location infor-
mation in evaluating nonpoint water pollution potential.
Adoption of a linear weighted distance variable provided
more spatially accurate information than did the use of an
average distance variable. The enhanced identification of
both spatial location and distribution of potential nonpoint
water pollution sources increased the precision of the model
and perhaps best reflects actual Nswp potential.

The results of the final spatial model present the most
detailed site-specific information on NswpP for planning and
management decisions. According to this model, it appears
that a large portion of the Carmans River watershed currently
has a relatively low potential for nonpoeint source water pol-
lution. The Wooded land cover possesses filtering capabili-
ties that assist in runoff abatement and pollution control. At
the same lime, Lthe red linear areas on the map (Plate 1) illus-
trate the high pollution potential of transportation arterials,
Other areas noted by high NSWPP values in Plate 1 define
land uses and land-cover conditions (e.g., high NSWrD values
along the river) that merit monitoring.

These data represent current conditions; there are many
other possibilities that will expand the usefulness of such a
data set and spatial model. For example, a step in progress is
to generate a refined spatial model that incorporates the ef-
fects of allowing 100 percent build-out of possible land use
according to current zoning codes. The spatial model of the

Runoffl Curve Numbers by Land Cover Class and Hydrologic Soil Group Woighted by Distance 1o Water
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Plate 1. Nonpoint source pollution potential for the study
area.
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projected land-use/land-cover data weighted by soils data
and distance-to-water factors would provide a recalculation
of possible increases in NSWPP levels in the watershed; use-
ful input for resource management decisions. The detail pro-
vided by the 25-m spatial resolution of the raster data would
also permit detailed changes to be noted along with their
spatial location, distribution, and frequency throughout the
study area; data that could also be grouped to provide a sin-
gle value for watershed comparison.

Other studies in other environments have used original
analysis and land-cover classification of satellite-based land-
cover data in creating water run-off models (Harbor, 1994;
Newell et al., 1992; Rifai ef al., 1993; Subra ef al., 1994). It is
believed that the C-CAP data and spatial model described
here could be substituted for such satellite data and classifi-
cations, saving much time, money, and effort in producing
similar water pollution potential information.

The development of spatial models incorporaling remote
sensing data sets and other G1S data layers provide a useful
tool not only for depiclion ol pasl and current nonpoint
source water pollution potential conditions but also for the
identification and location of areas at high risk of change and
subsequent increase in nonpoint water pollution potential.

Acknowledgments

This study was funded in parl by a cooperative agreement
with the National Oceanic and Atmospheric Administration
Award NA470Z0185 and the New York State Department of
State under Title 11 of the Environmental Protection Fund
The views expressed herein are those of the authors and do
not necessarily reflect the views of NOAA, its sub-agencies,
or lhe New York State Department of Stale.

References

Arnold, Chester, and James Gibbons, 1996. Impervious Surlace
Coverage: The Emergence of a Key Environmental Indicator,
American Planning Association Journal, 62(2):243-258,

Byl, Thomas D,, Howard Hankin, J.R. Mimms, George Holstetter, and
Brad Haslett, 1996. Application of a Geographic Information
System to Identify and Prioritize Sources of Nonpoint-Source
Pollution in a Karst Watershed in Tennessee, Proceedings, 207
Annual Symposium, GIS and Water Resources, Fort Lauderdale,
Florida, September, American Water Resources Association
Technical Publication, pp. 2201-2210,

Chandler, Robert, 1994, Estimating Annual Urban Nonpoint Pollut-
anl Loads, Journal of Management Engineering, 10(6):50-54.

Department of Environmental Conservation (DEC), 1990. Nonpoint
Source Management Program, New York State Department of
Environmenlal Conservation, Division of Water, Bureau of Water
Quality Management, Albany, New York.

Dobson, LLE., E.A. Bright, R.I.. Ferguson, D.W. Field, L.L. Wood, K.P,

1020 October 1998

Haddad, H. Iredale, J.R. Jensen, V.V. Klemas, R.]. Orth, and J.P.
Thomas, 1994. NUAA Coastal Change Analysis Program [C-
CAP): Guidance for Regional Implementation, NOAA Technical
Report NMFS 123, [1.5. Department of Commerce, Washington,
D.C., 92 p.

Environmental Protection Agency (EPA), 1993, Guidance Specifving
Management Measures for Sources of Nonpoint Pollution in
Coastal Waters, Office of Water, Washington, D.C., 745 p.

Harbor, Jonathan M., 1994. A Practical Method for Estimating the
Impact of Land-Use Change on Surface Runoff, Groundwater Re-
charge and Wetland Hydrology, Journal of the American Plan-
ning Association, 60(1):95-108.

Henderson, Floyd M., Thomas F. Hart, Jr., Brian P. Heaton, and
James E. Portolese, 1998, Mapping Coastal Ecosystems over a
Steep Development Gradient Using C-CAP Protocols, Interna-
tional Journal of Remote Sensing, (in press).

Jakubauskas, Mark, ]. Whistler, M. Dillworth, and A. Martinko, 1992,
Classifying Remotely Sensed Data for Use in an Agricultural
Nonpoint-Source Pollution Model, Journal of Soil and Water
Conservation, 47(9):179-183.

Kavenagh, Keith, 1980. Vanishing Tidelands: Land Use and the Law,
Suffolk County, NY, 1650-1979, 11.S. Department of Commerce,
New York, 265 p.

Mitsch, William J., and James G. Gosselink, 1993. Wetlands, Second
Edition, Van Nostrand Reinhold, New York, 722 p.

Nelson, Heather, and C. Arnold, 1995. The Chester Creek Watershed
Project: A Progress Report on a Unique Natural Resource Man-
agement Partnership, University of Connecticut Cooperative
Extension System, Haddam, Connecticut, 15 p.

Newell, C,, H. Rifai, and P, Bendient, 1992, Characterization of Non-
Point Sources and Loadings to Galveston Bay, The Galveston
Bay National Estuary Program, Texas, March, 219 p.

Pelletier, R.IL., 1985. Evaluating Nonpoint Pollution Using Remotely
Sensed Data in Soil Erosion Models, Journal of Soil and Water
Conservation, 40(4):332-335.

Ridd, M.K., 1995. Exploring a V-I-S (Vegelation-Impervious Surface-
Soil) Model for Urban Ecosystem Analysis through Remote
Sensing: Comparative Anatomy for GCities, International Journal
of Remote Sensing, 16(16):2165-2185.

Rifai, H., G, Newell, and P. Bendient, 1993. Getting to the Nonpoint
Source with GIS, Civil Engineering, 63(6):44-47.

Soil Conservation Service (SCS), 1986. Urban Hydrology for Small
Watersheds, TR-55, 1.5, Department of Agriculture, Engineering
Division, Washington, D.C.

Subra, W., and J. Waters, 1993. Identification and Characterization
of Nonpoinl Source Environmenial Pollution by Remote Sensing
Techniques, Commercial Remote Sensing Program Office, Na-
tional Aeronautics and Space Administration, Stennis Space
Center, Mississippi, 42 p.

Subra, W., ]. Waters, B. Davis, D. Powell, D. Ahl, C. Swalm, and J.
Spruce, 1994. Identifying Potential Nonpoint Source Pollution
with Remote Sensing and GIS, Earth Observation Magazine,
September, pp. 23-26.

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING




