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BACKGROUND
• Changes in land use in the Narragansett Bay Watershed, especially the conversion of 

natural lands to urban areas, affects hydrologic functions, alters the delivery of nutrients 
to rivers and the Bay, affects terrestrial, aquatic and estuarine wildlife and habitat condi-
tions, and contributes to increased pathogens in recreational and shellfishing waters. 
Land use changes that reduce natural lands are an indicator of habitat fragmentation, 
diminishing habitat value as well as water quality and quantity.

KEY FINDINGS
• Status: As of 2011, coastal subwatersheds (HUC12) were the most urbanized in the 

Watershed, ranging from 65 to 85 percent urban lands. Conversely, 70 percent of land in 
less-developed headwater subwatersheds was classified as forest.

Overview
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Introduction

Land development and some types of land uses in 
the Narragansett Bay Watershed are stressors on 
water quality, water quantity, freshwater and estu-
arine habitats, and human health. The conversion 
of natural lands such as forests and wetlands to 
human-dominated uses can exert considerable influ-
ence on runoff quality and quantity, and contribute 
to increases in water pollution (Tu and Xia 2006).

Sources of water pollution are generally grouped 
into two categories: point sources and non-point 
sources. Over the past few decades, point source 
pollution, including from domestic and industrial 
wastewater discharges (see “Wastewater Infrastruc-
ture” chapter), has been greatly reduced through 
management actions and changes in industrial uses, 
as local economies shift from manufacturing-based 
sectors to service-based economies (USEPA 2008). 
Conversion of a natural land cover such as forests 
to an urban or developed land use can significantly 
increase non-point source stressors as well as the 
flow patterns of streams after rain events. Non-point 
source inputs are influenced by land use alteration 
(impervious land, agriculture, golf courses, resi-
dential and commercial development), riparian 
buffer degradation, sediment from poorly managed 
construction sites, stormwater runoff, road salt, atmo-
spheric deposition of nitrogen, failing septic systems, 
and other factors. Human population growth is a 
fundamental driving force in land conversion. As 
the population grows, the infrastructure to support 
homes, transportation, and commerce increases 
(Meyer and Turner 1992, August et al. 2002). 

Several studies have provided comprehensive 
historical analyses of watershed stressors and 
responses for Narragansett Bay from 1850 to 2000 
(Nixon 1997, Hamburg et al. 2008, Vadeboncoeur et 
al. 2010, Pastore 2011). Others have assessed trends 
in historical land use and changes in impervious 
surface cover at the state level in Rhode Island and 

Massachusetts for large portions of the Narragansett 
Bay Watershed but not the entire Watershed (Novak 
and Wang 2004, Rhode Island Statewide Planning 
Program 2006, Stone 2007, Zhou and Wang 2007, 
Tu et al. 2007, Blumstein and Thompson 2015). 
Those studies highlighted the conversion of forest 
and agricultural lands to residential, commercial, 
and industrial developed lands as significant trends 
within the Watershed and the surrounding parts of 
Rhode Island and Massachusetts. The most recent 
assessment of land use change by the Massachu-
setts Audubon Society reported that approximately 
38,000 acres of forest or other undeveloped land 
were converted to development in Massachusetts 
between 2005 and 2013 (Mass Audubon 2014). 

The conversion rate of natural land cover to devel-
oped land has outpaced the population growth rate 
in this region (see “Population” chapter) over the last 
few decades. In addition, recent changes in land use 
have not been distributed uniformly across the Narra-
gansett Bay Watershed; they have varied temporally 
and spatially as the population has moved from the 
urbanized centers to the more suburban and rural 
parts of the Watershed. This chapter presents an 
analysis of land use change in the Watershed, focus-
ing on the changes in area (acreage) of forest lands 
and urban lands in the decade from 2001 to 2011. 
The chapter also discusses historical changes in 
land use and the rates of change since the industrial 
revolution. 

Methods

The methods for analyzing land use as an indicator 
of environmental conditions in the Narragansett Bay 
Watershed were developed by the US Environmen-
tal Protection Agency (EPA) Office of Research and 
Development (ORD), National Health and Environ-
mental Effects Research Laboratory, Atlantic Ecology 
Division in collaboration with the Narragansett Bay 
Estuary Program and other partners. A work group of 

• Trends: From 2001 to 2011, forest lands decreased in the Bay’s Watershed by four 
percent, and urban lands increased by 8.5 percent, encroaching into rural areas. Water-
sheds (HUC10) of the Taunton River Basin experienced dramatic changes. Forest lands of 
the Upper-Taunton River and Ten Mile River decreased by nine percent, and the Middle-
Taunton River had an 18 percent increase in urban lands as forest lands were lost to new 
developed areas. 
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GIS specialists examined and selected the data and 
data processing methods used for this indicator. 

NATIONAL LAND COVER DATABASE 
(NLCD)
The National Land Cover Database (NLCD) was 
used to classify land use at a resolution of 30 meters 
(Homer et al. 2015). For this analysis, the NLCD’s 
sixteen classes of land use were aggregated into 
seven land use categories based on the seven 
classes of the Anderson Level I classification scheme 
(Anderson et al. 1976) (see Table 14 in Extended 
Methods section of this chapter). Land use data 
were analyzed for the Narragansett Bay Watershed 
using an array of geospatial tools (Esri 2016, ArcGIS 
Desktop platform). 

Using NLCD data from 2011, the Estuary Program 
calculated the status of the seven land use catego-
ries, including the total acreage in each category and 
the percentage of the Narragansett Bay Watershed 
in each category. This chapter focuses on two of the 
land use classes: urban lands and forest lands. Data 
for 2001, 2006, and 2011 were analyzed at three 
spatial scales: the Narragansett Bay Watershed, 
watersheds (HUC10), and subwatersheds (HUC12) 
(see the Appendix for definitions, lists, and maps).

The Estuary Program focused on two of the seven 
land use categories (urban lands and forest lands) 
for three reasons: (1) these two categories cover 
the majority (74 percent) of the Watershed, (2) an 
increase in urban and a decrease in forest lands can 
indicate that the Watershed is changing to a more 
disturbed condition, and (3) preliminary analysis of 
other land use types revealed that changes were not 
as large compared to urban and forest lands.

Land use data from NLCD 2001 (2011 Edition), 
2006 (2011 Edition), and 2011 were utilized for the 
change analysis. NLCD land use datasets for years 
prior to 2001 are incompatible for comparison with 
the more recent datasets. The 2001, 2006, and 2011 
NLDC datasets all have a sixteen-class land cover 
classification scheme and are based primarily on 
a decision-tree classification of circa 2001, 2006, 
and 2011 Landsat satellite data, respectively. The 
Multi-Resolution Land Characteristics Consortium 
cautions against using NLCD data in watersheds on 
a scale of less than tens of square kilometers (USGS 
2012). However, a multiple-extents accuracy assess-
ment suggested that NLCD data may be accurate 
for spatial extents as small as ten square kilometers, 
particularly for predominant land use classes or 
those with unique spectral signatures (Hollister et al. 
2004). The smallest HUC12 subwatershed within the 
Narragansett Bay Watershed is 21 square kilometers, 

and thus the NLCD data were used with confidence 
at HUC10 watershed and HUC12 subwatershed 
scales.

Change analyses were based on total gross change 
in acreage and net percent change within each 
geographic scale. Total gross change represents 
the change in acreage by category, and net percent 
change is the change of area in percentage between 
two specific dates (Loveland et al. 2002, Sohl et al. 
2004). Gross change and net percent change were 
calculated as follows:

STATE-LEVEL LAND USE DATA

In addition, data with finer spatial resolution were 
available at the state level in both Massachusetts 
and Rhode Island (Massachusetts: 1.0-acre resolu-
tion; Rhode Island: 0.5-acre resolution), and those 
datasets offered the advantages of increased spatial 
resolution and interpretation of land use classifica-
tion. However, using those data required matching 
or a “crosswalk” of land use classifications across 
state boundaries (Table 1; Tables 14, 15, and 16 in 
Extended Methods section of this chapter), both 
spatially and temporally. Because land use data are 
not consistent methodologically across states and 
years within each state, and it is unknown when the 
states would update their land use data, the Estuary 
Program decided it was most appropriate to use 
the NLCD data for tracking long-term trends across 
the Watershed. Results using the state land use 
data crosswalk are presented in this chapter only 
to compare between state and national land use 
datasets (Table 1; Tables 14, 15, and 16 in Extended 
Methods section of this chapter). For the state tempo-
ral crosswalk, the most recent data for Massachusetts 
were from 2005, while Rhode Island’s most recent 
data were from 2011, making it necessary to match 
data from earlier years (2003–2004) for Rhode Island. 

The Estuary Program compared land use catego-
ries from NLCD 2011 and bi-state crosswalk data 
(Massachusetts 2005 and Rhode Island 2003–2004) 
within the Watershed. There is close agreement 
between these two datasets, which supports the use 
of the National Land Cover Database data for the 
status and change analyses, despite the difference 
in geographical resolution, temporal scales, and 
methodology. 
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Table 1. Types of state land use classes compared to Anderson Level I classification scheme.

Table 2. Land use in the Narragansett Bay Watershed(1) based on NLCD (2011) and state (2003–2005) data. 
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Urban lands and forest lands constituted 35 percent 
and 39 percent of the Narragansett Bay Watershed, 
respectively, based on the most recent 2011 National 
Land Cover Database (Table 2). These results are 
very similar to the results based on the bi-state 
crosswalk data for Rhode Island (2003-2004) and 
Massachusetts (2005), which showed urban lands 
as 38 percent and forest land as 39 percent of the 
Watershed. The remaining 27 percent of the Water-
shed (based on NLCD) were a combination of land 
uses including agriculture, brushland, barren land, 
wetlands, and water (Table 2).

HISTORICAL TRENDS
Based on previous research by Vadeboncoeur and 
colleagues (2010), the Narragansett Bay Estuary 
Program calculated historical changes in urban and 
forest land that encompassed eras of industrializa-
tion and suburbanization.

Because Vadeboncoeur and colleagues (2010) 
calculated and provided data on historical land cover 
by percent of urban and forest and inland water1 
by subwatershed2, as opposed to by total area, the 

Estuary Program analyzed each of these land cover 
types as percent point change (see Tables 17 and 18 
in Extended Methods section of this chapter).

COMPARING METHODS ACROSS  
INDICATORS: LAND USE (FOREST LANDS) 
AND OPEN SPACE
In the “Open Space” chapter of this report, the Estuary 
Program developed a methodology, differing from 
the analysis used in this chapter, to analyze open 
space lands classified as protected natural lands and 
unprotected natural lands. The open space chapter 
did not use the NLCD data, and instead used the 
Conservation Assessment and Prioritization System 
(CAPS), which ranks natural lands, including forest 
and wetlands among other natural features in the 
landscape, from lowest to highest ecological integ-
rity (Index of Ecological Integrity 0.01 to 1). Although 
the results using CAPS were similar to those based 
on NLCD—differing by one percent in total acreage in 
the Watershed—the results presented in this chapter 
and those in the “Open Space” chapter should be 
interpreted separately due to the methodological 
differences (Table 3).

1 Inland waters accounted for greater than five percent of total cover in all subwatersheds (Vadeboncoeur et al. 2010).

2 These subwatersheds are not comparable with any of the Estuary Program’s geographical scales. Vadeboncoeur and colleagues 
(2010) defined the subwatersheds for their study by the municipal boundaries of the drainage areas.

Table 3. Comparison of forest lands data (NLCD) from this chapter with natural lands data from 
the “Open Space” chapter.
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Status and Trends

As of 2011, the Narragansett Bay Watershed still had 
more forest lands than urban lands (Table 2).

STATUS OF URBAN LANDS 
The urban land area of the Narragansett Bay Water-
shed totaled 379,804 acres in 2011, representing 
35 percent of the Watershed (Figure 1; Table 2). In 
HUC10 watersheds, urban land ranged from a low 
of 22 percent (25,300 acres) in the Middle Taunton 
River watershed to a high of 55 percent (19,667 
acres) in the Ten Mile River watershed (Table 8). 

Of the 52 HUC12 subwatersheds, fifteen subwa-
tersheds had more than 50 percent of their area 
classified as urban, while only four subwatersheds 
had ten percent or less of their land classified as 
urban (Table 4). All five of the HUC12 subwatersheds 
with the highest percentages of urban land were 
adjacent to and drain directly to Narragansett Bay 

(Seekonk River-Providence River, Greenwich Bay, 
Upper Narragansett Bay, Pawtuxet River, and the 
Aquidneck Island-Frontal Atlantic Ocean), and they 
correspond closely with the subwatersheds with the 
lowest percentages of forest land (Table 4).

STATUS OF FOREST LANDS
There were 424,642 acres of forest land in the 
Narragansett Bay Watershed in 2011, constituting 
39 percent of the Watershed (Figure 2; Table 2). The 
HUC10 watershed with the lowest percentage of 
forest land was the Ten Mile River, which had only 24 
percent (8,461 acres) forest. The watershed with the 
highest percentage was the Lower Blackstone River 
with 55 percent (94,731 acres) (Table 9).

Of the 52 HUC12 subwatersheds, twelve had more 
than 50 percent forest. The five subwatersheds 
with the highest percentages of forest land were 
the Barden Reservoir-Ponaganset River, Clear River, 

Table 4. Subwatersheds (HUC12) in the Narragansett Bay Watershed with the highest and lowest 
percentages of urban lands. 
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Figure 1. Urban lands (NLCD 2011) in the Narragansett Bay Watershed. Inset map: Percent of urban lands for 
each watershed (HUC10).
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Figure 2. Forest lands (NLCD 2011) in the Narragansett Bay Watershed. Inset map: Percent of forest lands for 
each watershed (HUC10).
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Table 5. Subwatersheds (HUC12) in the Narragansett Bay Watershed with the highest and lowest 
percentages of forest lands. 

Table 6. Total area (acres) and percentage of forest and urban lands in the Narragansett Bay Watershed(1) 
in 2001, 2006, and 2011 (NLCD). 

Table 7. Total gross change (acres) and percent change of forest and urban lands in the Narragansett 
Bay Watershed over five-year periods—2001 to 2006 and 2006 to 2011—and the full ten-year period 
of 2001 to 2011 (NLCD). 
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Figure 3. Changes from 2001 to 2011 in forest and urban lands.
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Table 8. Total area and percent of urban lands in 2001, 2006, and 2011 in Narragansett Bay’s HUC10 
watersheds. 

Table 9. Total area and percent of forest lands in 2001, 2006, and 2011 in Narragansett Bay’s HUC10 
watersheds. 
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Table 10. Percent change and total gross change (acres) of urban lands from 2001 through 2011 in 
Narragansett Bay HUC10 watersheds.

Table 11. Percent change and total gross change (acres) of forest lands from 2001 through 2011 in 
Narragansett Bay’s HUC10 watersheds. Sorted from highest to lowest percent loss of forest lands.
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Big River, Chepachet River, and Headwaters South 
Branch Pawtuxet River (Table 5). The three HUC12 
subwatersheds with the lowest percentages of 
forest land were the Seekonk River-Providence River, 
Aquidneck Island-Frontal Atlantic Ocean, and Upper 
Narragansett Bay (Table 5). The complete results of 
Tables 4 and 5 for all the HUC12 subwatersheds are 
available upon request. 

TRENDS – CHANGES IN URBAN AND  
FOREST LANDS
In the Narragansett Bay Watershed, the amount 
of land classified as urban increased from 350,369 
acres in 2001 to 379,804 acres in 2011. The increase 
of 29,435 acres represented a change of 8.5 percent 
(Tables 6 and 7). During the same time period, the 
Watershed lost 19,158 acres of forest land, a decline 
of 4.3 percent (Table 7). Figure 3 shows where these 
changes in forest lands and urban lands occurred. 
For both urban and forest lands, the rates of change 
were greatest from 2001 to 2006 (Table 7), when 

forest land declined by three percent and urban land 
increased by six percent. 

All eleven HUC10 watersheds experienced increases 
in urban land and concomitant decreases in forest 
land from 2001 to 2011 (Tables 8 through 11). The 
Lower Blackstone River watershed had the largest 
percentage of forest lands, while the Ten Mile River 
watershed had the largest percentage of urban 
lands—over 55 percent—in each of the three years 
(2001, 2006, 2011) (Tables 8 and 9).

The HUC10 watersheds experiencing the largest net 
percentage increases of urban land were the Middle 
Taunton River and Threemile River watersheds (Table 
10; Figure 3), while the percentage losses of forest 
land were largest in the Upper Taunton River, Ten 
Mile River, and Threemile River watersheds (Table 
11; Figure 3). 

At the finest scale of HUC12 subwatersheds, all but 
one (Barden River-Ponaganset River) of the 52 subwa-
tersheds had increases in the amount of urban land. 

Figure 4. Historical changes in percentage of Narragansett Bay Watershed classified as forest (green) or urban 
(brown). Based on Vadeboncoeur and colleagues (2010).
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All subwatersheds had decreases in forest land from 
2001 to 2011. The subwatersheds with the largest 
gains in urban lands also experienced the largest 
losses in forest lands. Of the top 25 subwatersheds 
ranked by the largest increase in acres of urban land, 
21 of those subwatersheds were also ranked for the 
largest loss of forest land. These results are available 
upon request. 

HISTORICAL TRENDS
Between 1850 and 2000, the percentage of urban 
lands in the Narragansett Bay Watershed increased 
eightfold, doubling every fifty years on average. The 
greatest increase occurred between 1950 and 2000, 
when urban lands increased from 18 to 30 percent of 
the entire Watershed (Figure 4). The Blackstone River 
(above Millville) and the Upper Bay subwatersheds 
had threefold increases in percentage of urban 
lands. However, the small watersheds had the great-
est percentage increase by a factor of four (Table 
12). Some of the recent changes in the Taunton 

River Basin seem to have started in the 1950s, as 
the percentage of urban land in the Taunton River 
(below Taunton) subwatershed increased fourfold 
from 1950 through 2000. In the small watersheds, 
the amount of urban land increased by a factor of 
seventeen from two percent in 1850 to 33 percent in 
2000 (Table 12). 

The rates at which forest lands, including inland 
waters, changed over time were not more than 
twofold across time periods and across the Water-
shed or subwatersheds. However, Narragansett Bay 
Watershed lost most of the forest in the Taunton 
River subwatersheds between 1950 and 2000, and 
during the same period these subwatersheds had 
the greatest percent increase of urban lands (Tables 
12 and 13). The increase of forest lands could be 
attributed to losses in agricultural lands during the 
industrial revolution, while forest was recovering. 
Later, during the suburbanization era, forest lands 
in the Pawtuxet River subwatershed increased by a 
factor of two; the Scituate Reservoir is an important 

Table 12. Percent(1) change(2) and factor of percentage change(3) in urban lands in Narragansett Bay 
Watershed and subwatersheds as defined by Vadeboncoeur and colleagues (2010).
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drinking water source in Rhode Island and protecting 
its surrounding lands has been a priority. 

There were substantial methodological differences 
between the analysis of NLCD by the Estuary Program 
and partners, and the analysis by Vadeboncoeur and 
colleagues (2010). The differences included data, 
spatial and temporal resolution, and the definition of 
boundaries for the Watershed and subwatersheds. 
While the percentages of urban lands in the Water-
shed for 2000 were similar between the two studies 
(Table 6; Figure 2), the percent of forest lands were 
not in agreement.  This can be attributed mainly to 
the fact that Vadeboncoeur and colleagues (2010) 
included inland water bodies and perhaps wetlands, 
whereas the Estuary Program’s analysis included only 
forest. 

Discussion

Land use in the Narragansett Bay Watershed is 
subject to conversion, and these changes influence 
the Watershed’s hydrologic functions. Changes 
of natural habitat such as wetlands and forests to 
urban lands have impacted how water is delivered 
to rivers and lakes, to groundwater, and ultimately to 
the Bay. Measuring the total area of land use change 
over time highlights the conversion of forest and 
other natural lands to residential, commercial, and 
industrial developed lands (Figure 3). It is important 
to highlight that acreage of forest lands reported in 
this chapter does not account for wetlands. However, 
no substantial changes in wetland extent between 
2001 and 2011 were detected in preliminary analysis 
by the Estuary Program and partners. Wetlands are 
protected under federal, state, and local laws, which 
may explain the lack of detectable changes. 

Table 13. Percent(1) change(2) and factor of percentage change (3) in forest lands in Narragansett Bay 
Watershed and subwatersheds as defined by Vadeboncoeur and colleagues (2010). 
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The declining trend of forest lands in recent decades 
and historically points to the dramatic transformation 
of the Watershed’s landscape. The losses weaken the 
protection that forest lands offer for estuarine and 
inland water quality, habitat, and human health. While 
efforts to preserve forested and other natural areas 
throughout the Watershed have been successful at 
local, state, regional, and national levels, this should 
be continued with urgency. For example, most of the 
forest lands in the Pawtuxet River watershed surround 
one of the most important drinking water sources in 
Rhode Island, the Scituate Reservoir and the upper 
reaches of the Watershed (Figure 2), where most 
of the forest lands are currently protected as open 
space; however, nearly thirty percent of ecologically 
significant natural lands, including unfragmented 
forests, in this watershed remain unprotected (see 
“Open Space” chapter). 

Land use change analysis by the Estuary Program 
and EPA (ORD) show that most of the changes in the 
decade of 2001 to 2011 occurred in areas draining 
to the Taunton River and the Ten Mile River (Tables 
10, 11, and 12). These areas had the largest increases 
of urban lands as well as the largest losses of forest 
lands, indicating that urban sprawl occurred and 
expanded from the urban corridors. These changes 
in land use are consistent with changes in population 
distribution, as more people settled in suburban 
areas (see “Population” chapter). In the Taunton River 
subwatersheds, these changes began to be more 
evident from 1950 through 2000 (Tables 12 and 13; 
Tables 17 and 18 in Extended Methods section of 
this chapter).

Changes in land use can impact water quality, water 
quantity, freshwater and estuarine habitats, and 
human health. The conversion of natural lands to 
developed lands affects these resources as changes 
in population demand new urban infrastructure in 
the form of impervious cover and wastewater infra-
structure (see “Impervious Cover” and “Wastewater 
Infrastructure” chapters). Urban sprawl typically 
results in loss of forest lands, as shown in this analysis. 
Sprawl has contributed to habitat fragmentation with 
smaller areas remaining to protect the Watershed’s 
natural resources (see “Open Space” chapter). In the 
Taunton River Basin, which had substantial declines 
in forest lands, natural lands protected as open space 
represent sixteen percent of the Basin, but nearly ten 
percent of the most ecologically significant natural 
lands for watershed protection remain unpreserved 
(see “Open Space” chapter). 

Data Gaps and Research Needs

• Data from the NOAA Coastal Change Analysis 
Program (C-CAP) should be utilized to improve 
the spatial and classification accuracy of land 
cover classes and change analysis for the Water-
shed.

• Further data analysis to correlate land use and 
other attributes of the landscape with water 
quality and habitat conditions is needed to 
improve understanding of such relationships.

• Additional research is needed to provide better 
tools for estimating the value of ecosystem 
services provided by forest lands in the Water-
shed. Examples of these ecosystem services 
are water quality protection for both surface 
and groundwater, wildlife habitat conservation, 
climate change adaptation, and stormwater 
mitigation.
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Extended M
ethods

Table 14. N
ational Land Cover Database sixteen classes and defi

nitions aggregated into seven classes based on Anderson Level I.
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Table 14 continued
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Table 15. Rhode Island land use categories (2003–2004) state “crossw
alk” based on Anderson Level 1.
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Table 15 continued
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Table 16. M
assachusetts land use categories (2005) state “crossw

alk” based on Anderson Level 1.
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Table 16 continued
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Table 17. Percent of urban lands in subw
atersheds of the N

arragansett Bay W
atershed (Vadeboncoeur et al. 2010)
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Table 18. Percent of forest (includes inland w
aterbodies) in subw

atersheds of the N
arragansett Bay W

atershed (Vadeboncoeur et al. 2010).




