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Abstract 

Officials with the Long Island Sound Study (LISS) are presently reviewing the 

suite of indicators used to assess and report on Long Island Sound’s ecological health and 

the programmatic success of the LISS.  As part of this evaluation, managers seek to 

determine whether there are environmental variables that offer valuable information on 

ecosystem condition but that have not historically been tracked, or have not been utilized 

to their fullest potential.  This paper reviews the use of ecological indicators by the LISS, 

explores the literature documenting relationships between land use/land cover and water 

quality and documents the use of a geographic information system (GIS) to perform an 

analysis of the impact that land use/land cover, slope and soil characteristics have on 

turbidity within the Long Island Sound (LIS) drainage basin.  This paper then compares 

two models’ ability to predict turbidity: the first model includes information on land 

use/land cover, slope and soil characteristics while the second accounts for soil 

characteristics.  Although the land use/land cover-based model outperforms the soil 

parameters-based model in predicting stream turbidity, neither model’s predictive ability 

is sufficiently strong to accurately forecast turbidity in the study area.  These results are 

contrary to those documented in previous investigations.  Further examination should be 

undertaken to determine whether an alternate methodology or inclusion of other relevant 

parameters would yield a more robust turbidity model. 
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1. Introduction 
 

A. Ecological indicators 

Indicators are often used to distill and communicate complex information.  For 

example, the Dow Jones Industrial Average and the unemployment rate are quick 

references that provide information to policymakers and the public on how a complicated 

entity like the American economy is functioning.  A drop in the Dow or an increase in the 

number of unemployed workers clearly communicates negative economic news, and 

economists and other experts might then dissect other, more complex indicators and the 

conditions surrounding the drop or rise to determine what changes prompted such a 

response.  Once they have developed an understanding of the conditions surrounding the 

drop, managers could then attempt to mitigate specific problem(s). 

 Ecological indicators function in a manner similar to economic indicators.  Based 

on their understanding of ecosystem dynamics and the relationships between ecological 

parameters, environmental managers track certain simple physical, biological and 

chemical variables (e.g., nutrient concentrations, dissolved oxygen levels or extent of 

habitat areas) and, based upon their findings, report to the public on the condition of the 

resource in question.  If indicator results suggest further study is necessary, scientists can 

explore ecological problems in more detail to determine why environmental conditions 

are as observed. 

The authors of a report produced by the Atlantic Coast Environmental Indicators 

Consortium (ACEIC), a major ecological indicator-based research project funded by the 

United States Environmental Protection Agency’s (EPA) Science to Achieve Results 

(STAR) Program, define ecological indicators and their primary use well.  They state: 
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“an ecological indicator is… a measure, an index of measures, or a model that 

characterizes one or several critical components of ecosystem structure and function….  

With a foundation of diagnostic research, an ecological indicator may also be used to 

identify major ecosystem stress.”1   

Because they are useful in assessing ecosystem condition and can provide 

information on ecological stressors, indicators are often used by environmental officials 

involved in ecosystem restoration and management programs.  Using indicators, 

managers are able to gain a clearer picture of ecological condition and determine which 

ecosystem components may be strained.  Assuming that there is a clear understanding of 

the relationship between the stressor and the resources that the program is managing, 

managers can align program objectives and assign resources to address the source of 

ecological pressure.  Therefore, since indicators provide managers with a method for 

accurately tracking ecosystem condition without necessitating large expenditures, 

National Estuary Program (NEP) offices, like the LISS, frequently utilize indicator-based 

ecosystem health assessments. 

 

2. Indicator use by the LISS 

Long Island Sound was one of the first estuaries managed under the National 

Estuary Program.  The Long Island Sound Study was formed in 1985 to maintain the 

environmental improvements realized as a result of 1972’s Clean Water Act and to 

                                                
1 Atlantic Coast Environmental Indicators Consortium. Development and Application of 
Integrative Indicators of Ecological Conditions in Hydrologically- and 
Biogeochemically-Variable US East Coast Estuaries. Atlantic Coast Environmental 
Indicators Consortium. [2006]. 26 May 2006. 
http://www.aceinc.org/ace_inc_final_report.doc. 
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leverage regional expertise to ensure a full restoration of the Long Island Sound 

ecosystem.2  The Study began as a partnership between New York State, the State of 

Connecticut, and the EPA, but the organization now counts several nonprofit 

organizations, user groups and various other local stakeholders among its partners.3 

The Long Island Sound Study’s Comprehensive Conservation and Management 

Plan (CCMP), initially drafted by environmental managers in 1994, sought to address and 

correct the following major ecological problems: 1. low dissolved oxygen; 2. toxic 

contamination; 3. pathogen contamination; 4. floatable debris; 5. the impact of water 

quality problems and habitat degradation and loss on the health of living resources, and; 

6. land use and development resulting in habitat loss and degradation of water quality.  

Twelve years later, the targets of the Study remain largely the same, although hypoxia 

and water quality issues are of greatest importance. 

A. Indicators 

 The LISS indicator suite is designed to provide information on several important 

ecological parameters, including water quality, living resources, habitat availability, land 

use and stewardship.  An examination of the LISS indicator suite, however, makes it 

clear that the emphasis of the program is to address problems associated with Long Island 

Sound’s water quality.  Some water quality measures, such as dissolved oxygen, nitrogen 

and phosphorous, are aggregated into a water quality index using the method employed in 

the EPA’s National Coastal Condition Report.4  In the most recent edition of Sound 

                                                
2 About the Long Island Sound Study. Long Island Sound Study. 
http://www.longislandsoundstudy.net/about_liss.htm. August 2006. 
3 Id. 
4 National Coastal Condition Report II. [Washington, DC]. United States Environmental 
Protection Agency. Office of Research and Development/Office of Water. [2004]. 
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Health, the LISS’s annual publication outlining ecosystem condition and managerial 

progress, managers compiled data from 1991 through 2004 and reported on this water 

quality index, water clarity and chlorophyll-a concentration in the eastern, central and 

western Long Island Sound sub-basins.5 

LISS managers aggregated dissolved oxygen data from 1994 through 2004 to 

report on frequency, extent area and duration of hypoxia throughout the Sound, and 

provided information on short-term events where dissolved oxygen levels were 

exceptionally low.6  In addition, Sound Health provided information on nitrogen input 

into the Sound from sewage treatment plants, estimated loadings from coastal and 

riverine sources and tracked sewage release and sediment-bound carbon as a function of 

population growth.7 

Other water quality indicators examined items like toxic and pathogen 

contamination, and the number of pump-out boats available for boaters’ use within the 

Sound.  Additionally, managers tracked the number of pounds of debris collected on 

Long Island Sound beaches during beach cleanup efforts as a dual measure of floatable 

debris contamination and stewardship. 

Other indicators provided information on ecosystem parameters such as habitat 

restoration and preservation, long-term changes in land use/land cover and additional 

community involvement metrics.  The LISS’s review of the Sound’s habitat documented 

efforts to restore rivers for fish passage, provided information on acreage of coastal 

habitat restored, changes in the acreage of inland wetlands, and changes in the acreage of 

                                                
5 Sound Health 2006.  2006.  Long Island Sound Study. 
http://www.longislandsoundstudy.net/soundhealth/part1.pdf.  April 2007. 
6 Id. 
7 Id. 



 7 

submerged aquatic vegetation.  Land use/land cover concerns were explored through 

analysis of open space preservation programs, changes in percent forest cover in 

Connecticut and New York over the past four hundred years, changes in sprawl-like 

development throughout the basin, and population shifts in the Sound’s watershed. 

Finally, the LISS tracked public interest and stewardship through number of 

individuals involved in beach cleanup efforts, website visitation, and the number of small 

grants awarded to community groups to undertake restoration activities. 

B. Critical review 

Clearly, the LISS indicator suite has been shaped by the program’s overarching 

goals.  Although water quality-, nutrient-, and hypoxia-related indicators comprise a 

significant percentage of the measures tracked by the Study’s managers, land use/land 

cover data are also of concern to LISS managers.  As such, data were collected to provide 

information on how the character of the LIS watershed is changing through time.  Since 

they cannot directly provide information on water or habitat quality, however, land 

use/land cover data are not a useful ecological indicator in and of themselves.  Thus, 

unless managers develop an empirical model that links land use/land cover with water 

quality, managers cannot effectively employ information on landscape changes to predict 

shifts in the Sound’s ecology.  To successfully manage the LIS ecosystem, and to support 

partnerships with local government agencies, therefore, LISS officials must have access 

to a model that will predict how changes in terrestrial systems will impact the Sound and 

its watershed. 

Such a model would be useful to stakeholders as well.  Given only general 

information on patterns of land use/land cover within the LIS watershed, interested 
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parties cannot know whether LISS managers are achieving success by encouraging open 

space preservation in the watershed.  To provide context for information that they provide 

on land use and land cover, therefore, managers must pursue and communicate a more 

thorough understanding of how land use/land cover impacts the Sound’s ecological 

quality. 

Therefore, if research could quantify the ecological impacts of specific land 

use/land cover types in discrete zones within the watershed and develop a model that 

accurately linked land use/land cover with environmental outcomes, reports on land 

use/land cover changes within the watershed would be more useful to managers and 

stakeholders.  Such a model would improve understanding of the impacts of watershed 

development and programmatic impact, and would be useful in assessing where 

preservation and restoration dollars and effort should be spent.  To this end, it is 

important that such a model be developed.  The aim of the present study, therefore, is to 

support Long Island Sound management efforts by creating a model that empirically links 

changes in stream turbidity with land use/land cover and other physical landscape 

parameters, including slope and soil characteristics. 

Although there are presently several models available for assessing the impacts 

that land management and physical landscape characteristics exert on water quality at the 

river basin scale (e.g., HSPF, SWAT), substantial time and funding is often required to 

properly apply them to the system of interest.8,9  The present model, therefore, aims to 

use land use/land cover – an easily quantifiable environmental variable – to estimate 

                                                
8 Water Resources Application Software – HSPF.  March 29, 2000.  United States 
Geological Survey. http://water.usgs.gov/software/hspf.html.  April 2007. 
9 Soil and Water Assessment Tool. Texas A&M University.  
http://www.brc.tamus.edu/swat/index.html.  April 2007. 
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turbidity in a simplified, inexpensive manner.  By evaluating empirical relationships 

between land use/land cover and turbidity, this model would enable managers to avoid 

the task of tracking many data parameters, allowing them instead to focus on quantifying 

a small number of landscape characteristics for which information is freely and easily 

available.10 

 

3. Why examine LISS indicator use or include a new turbidity model? 

Managers at the LISS have recently undertaken an effort to assess the 

effectiveness of their use of ecological indicators.  This investigation has included two 

main areas of inquiry.  The first portion of the study has focused on determining whether 

the indicators that managers have selected for study provide an accurate picture of overall 

system health.  The second part of the study has sought to determine whether managers 

have presented information on these indicators effectively to stakeholders. 

This analysis was prompted by recent government investigations analyzing the 

effectiveness of environmental managers’ efforts to track and report on programmatic 

success, ecosystem health and, ultimately, the effectiveness of funds spent to improve 

                                                
10 The United States Geological Survey offers land use/land cover data for free download 
on their Seamless Server website at http://seamless.usgs.gov.  Recently, these data have 
been updated every ten years (i.e. 1992 and 2001).  Some states, including Connecticut, 
offer land use/land cover data for free download as well.  Connecticut data are available 
at http://magic.lib.uconn.edu/ and include land use/land cover information from 1990 and 
1995.  Other data sources exist as well and can be located via simple Internet search.  
One other good reference is available at the Land Cover Land Use Change Program’s 
website.  This organization, a partnership between NASA and the University of 
Maryland, includes a number of data sources on their website at 
http://lcluc.umd.edu/products/dataaccess/data-access_results.asp.  In addition, digital 
elevation models and digitized soil maps are available free of charge from the United 
States Geological Survey and the Natural Resources Conservation Service websites, 
respectively. 
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environmental condition.  In October 2005, for example, the United States Government 

Accountability Office (GAO) released a document assessing Chesapeake Bay Program 

(CBP) efforts to report on management and restoration efforts in the Chesapeake.  In its 

review, the GAO provided several criticisms of the manner in which the Program 

identified and communicated the health of the Bay to stakeholders.  The report cited a 

failure to provide a concise and accurate picture of ecological health and restoration 

progress.  In the document, GAO officials argued that ecosystem managers should recruit 

independent peer reviewers to assess the objectivity of the organization’s ecosystem 

health- and management success-related reports.11 

To ensure that they continue to receive government support crucial to 

programmatic success, directors of ecosystem restoration and management efforts such as 

the LISS have responded to the GAO’s critique of the CBP.  In some cases, managers 

have created partnerships with external organizations to ensure that they have chosen 

appropriate indicator suites and developed effective protocols for managing these 

resources,12 while other efforts have undertaken internal investigations into indicator use.  

In sum, environmental program directors are making conscious efforts to make certain 

that the suites of indicators used and the reporting documents released by their programs 

provide accurate pictures of ecosystem health and clearly and honestly document 

managerial performance. 

                                                
11 Chesapeake Bay Program: Improved Strategies Are Needed to Better Assess, Report, 
and Manage Restoration Progress. United States Government Accountability Office. 
October 2005. http://www.gao.gov/new.items/d0696.pdf. 27 June 2006. 
12 The San Francisco Estuary Project, for example, has enlisted the support of San 
Francisco Estuary Institute employees in developing their indices on ecosystem health. 
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As part of the LISS’s examination of the effectiveness of their suite of indicators, 

last summer I was asked by the director of the Study to review and make suggestions to 

improve the LISS’s methods for assessing and communicating information on 

environmental quality.  In my study, I found that while managers had done a good job of 

monitoring and addressing point source pollution in the Long Island Sound drainage 

basin (between 1990 and 2005, total nitrogen inputs from point sources have decreased 

from 212,899 pounds/day to 160,172 pounds/day), efforts to address nonpoint sources of 

pollution had not achieved the same level of success.13,14 

To address nonpoint source pollution, the LISS “through its Connecticut River 

Work Group, is working to identify and validate sources of nitrogen from upland states as 

an antecedent to developing formal agreements with these jurisdictions.”15  Also, in a 

partnership with Manhattan College, the LISS has undertaken a project focused on 

modeling nonpoint source nitrogen loads in the Long Island Sound basin based on land 

use.  Information from these investigations may be used by LISS managers to develop 

additional indicators to predict nitrogen load to Long Island Sound’s contributing 

streams, and to begin to address the ultimate sources of nonpoint nitrogen in the basin. 

Nonpoint nitrogen is not the only diffuse source pollutant that threatens the 

Sound’s ecological health, however.  Sediment and other suspended solids also pose 

significant threats to the ecosystem.  As rainwater runoff washes over barren land, 

                                                
13 Eliminating Adverse Impacts of Low Dissolved Oxygen in the Sound.  1 March 2007.  
http://www.longislandsoundstudy.net/archive/tracking_reports/2005/4%20%202005%20
T&M%20Hypoxia.pdf. 
14 Estimated Nitrogen Load from all CT Coastal and Riverine Sources. 1 March 2007. 
http://www.longislandsoundstudy.net/indicators/section2_1.pdf. 
15 Eliminating Adverse Impacts of Low Dissolved Oxygen in the Sound.  1 March 2007.  
http://www.longislandsoundstudy.net/archive/tracking_reports/2005/4%20%202005%20
T&M%20Hypoxia.pdf. 
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agricultural fields and developed areas, loose sediment and other suspended solids can be 

flushed into nearby surface waterbodies.  Since increases in suspended solids directly 

limit light availability, waters become more turbid.  Nitrogen and phosphorous inputs via 

runoff compound the turbidity problem since increases in these nutrients may promote 

algal growth in the water column, further limiting light availability.  Assessing the impact 

that physical parameters such as land use/land cover, soil type and the slope of the 

landscape have on turbidity, therefore, would help to clarify the manner in which the 

Sound’s watershed impacts the waterbody and would augment managers’ ability to 

accurately assess ecological health and protect environmental quality. 

 

4. Ecological impacts of turbidity 

Previous studies have documented critical ecological impacts with increasing 

turbidity.  Thus, understanding and controlling turbidity within the LIS watershed is 

important to the LISS effort to protect Long Island Sound’s ecology.  A study conducted 

within Georgia’s Etowah River basin noted a shift in fish species assemblage as turbidity 

increased – while turbidity levels rose, populations of endemic species declined and those 

of cosmopolitan and invasive species grew.16  In another study, researchers from the U.S. 

Fish and Wildlife Service documented a decline in the survival of American shad larvae 

when exposed to turbidity levels of 100 NTU for as little as ninety-six hours.17  Since 

                                                
16 Walters, D.M., D.S. Leigh, A.B. Bearden.  2003.  Urbanization, sedimentation, and the 
homogenization of fish assemblages in the Etowah River Basin, USA.  Hydrobiologia 
494: 5 – 10. 
17 Facey, D.E. and M.J. Van Der Avyle.  1986.  Species profiles: life histories and 
environmental requirements of coastal fishes and invertebrates (South Atlantic) – 
American shad.  U.S. Fish and Wildl. Serv. Biol. Rep. 82(11.45).  U.S. Army Corps of 
Engineers, TR EL-82-4.  18 pp. 
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streams within the LIS watershed regularly exhibit turbidity levels approaching and 

exceeding 100 NTU, and since LISS managers wish to support populations of American 

shad and other anadromous fish native to the LIS system,18 it is important that managers 

understand whether and how landscape variables impact turbidity. 

Turbidity is also an important factor in determining where, and whether, 

submerged aquatic vegetation survives.19  Historically, eelgrass beds were a critically 

important habitat for LIS fish and shellfish.20  In 1931, however, a massive die-off 

limited the size of eelgrass beds in LIS to one-third of their original extent.21  Since the 

die-off, eelgrass beds have continued to experience stress due to poor water quality.22  

Scientific investigations have made it clear that increased turbidity plays a critically 

important role in limiting submerged aquatic vegetation distribution in estuarine systems.  

Moore et al. studied turbidity increases in the Chesapeake Bay estuary and linked 

increased turbidity (and associated declines in available light) to die-offs of transplanted 

eelgrass and suggested that increased turbidity may explain lack of recruitment of 

eelgrass into previously vegetated sites.23 

 

                                                
18 Living Marine Resources – Finfish.  2006.  Long Island Sound Study.  April 2007. 
http://www.longislandsoundstudy.net/indicators/section3_2.pdf. 
19 Moore, K.A., R.L. Wetzel, R.J. Orth.  1997.  Seasonal pulses of turbidity and their 
relations to eelgrass (Zostera marina L.) survival in an estuary.  Journal of Experimental 
Marine Biology and Ecology 215: 115 – 134. 
20 Habitat Protection – Submerged Aquatic Vegetation.  2006.  Long Island Sound Study.  
April 2007. http://www.longislandsoundstudy.net/indicators/section4_3.pdf. 
21 Id. 
22 Habitat Restoration.  2006.  Long Island Sound Study.  April 2007.  
http://www.longislandsoundstudy.net/habitatrestoration/. 
23 Moore, K.A., R.L. Wetzel and R.J. Orth.  1997.  Seasonal pulses of turbidity and their 
relations to eelgrass (Zostera marina L.) survival in an estuary.  Journal of Experimental 
Marine Biology and Ecology 215: 115 – 134. 
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B. Relationship between land use/land cover and in-stream water quality 

A number of studies have demonstrated a strong link between in-stream water 

quality and land use/land cover.24,25,26  A study by Deacon  et al. was particularly useful 

in elucidating the relationship between turbidity and watershed landscape characteristics 

and in developing the procedure used in the present investigation.  In a 2005 study 

designed to support indicator-based assessment of stream quality in coastal New 

Hampshire, Deacon et al. found that stream turbidity was significantly positively 

correlated with percent area of urban land in a 100-meter buffer zone along stream 

reaches (r2 = 0.90).27  The authors also documented a negative correlation between 

turbidity and percent land area of forested land in 100-meter stream buffers (r2 = -0.79).28  

The relationships between turbidity and urban and forested land cover were stronger 

when land use/land cover was expressed as percent cover within a 100-meter buffer zone 

than they were when land use/land cover was expressed as percent cover within entire 

catchments.29  Stuart and Edwards (2006) also provide evidence that land use and 

                                                
24 Lenat, D.R. and J.K. Crawford.  1994.  Effects of land use on water quality and aquatic 
biota of three North Carolina Piedmont streams.  Hydrobiologia.  294: 185 – 199. 
25 Deacon, J.R., S.A. Soule and T.E. Smith.  2005.  Effects of urbanization on stream 
water quality at selected sites in the Seacoast region in New Hampshire, 2001 – 03: U.S. 
Geological Survey Scientific Investigations Report 2005-5103.  18 p. 
26 Berka, C., H. Schreier, K. Hall.  2001.  Linking water quality with agricultural 
intensification in a rural watershed.  Water, Air and Sediment Pollution 127: 389 – 401. 
27 Deacon, J.R., S.A. Soule and T.E. Smith.  2005.  Effects of urbanization on stream 
water quality at selected sites in the Seacoast region in New Hampshire, 2001 – 03: U.S. 
Geological Survey Scientific Investigations Report 2005-5103.  18 p. 
28 Id. 
29 Id. 
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anthropogenically-induced landscape changes are important determinants of turbidity, 

further supporting the work of Deacon et al.30 

Given that scientific investigations have documented the importance of turbidity 

on fish assemblage, fish recruitment, extent of submerged aquatic vegetation and other 

important ecological parameters, and since Deacon et al. and others have documented a 

close relationship between turbidity and land use/land cover (especially in areas close to 

streams), in this investigation I hoped to develop a model linking land use/land cover and 

turbidity within streams in the LIS drainage basin.  Since such a model could serve as a 

tool to predict areas of high and low turbidity, and represent a useful mechanism to 

support watershed planning efforts, a robust model could be an important extension to the 

work that the Connecticut River Work Group, the LISS, and Manhattan College have 

undertaken to assess and model nonpoint source pollution within the watershed. 

 

5. Methods 

 To analyze the impact that landscape characteristics have on stream turbidity 

within the Long Island Sound drainage basin, I gathered geospatial data on land use/land 

cover, slope and soil characteristics (i.e., erodibility factor, percent clay and permeability) 

and linked these data to measurements of stream turbidity within the LIS basin.  I 

acquired data from several government sources, performed a series of geospatial analyses 

using ESRI’s ArcGIS 9.2 package, and used the R statistical software package to create 

linear models to predict turbidity based on the aforementioned landscape characteristics. 

 

                                                
30 Stuart, G.W. and P.J. Edwards.  2006.  Concepts about forests and water.  North. J. 
Appl. For. 23(1): 11 – 19. 
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A. Geospatial data download and manipulation 

 i. Land use/land cover data 

Raster grids documenting 1992 and 2001 land use/land cover in the New England 

region were downloaded from the U.S. Geological Survey’s (USGS) Seamless Server 

(http://seamless.usgs.gov).  Because of the large file size, the Seamless Server parsed data 

into smaller files and zipped them for download.  These files were unzipped using 

WinZip and pieced back together with Arc’s mosaic tool. 

Land use/land cover raster grids were reclassified to produce separate grids for 

each of the land use/land cover types represented in the 1992 and 2001 surveys (eighteen 

and sixteen classes, respectively).  Zonal statistics were run for each of the catchments 

represented in the National Hydrography Dataset Plus (NHD+) file using the 100-meter 

buffer files described in the paragraph below. 

 ii. Hydrography data 

Hydrography (1:100K) and catchment data for the New England region were 

downloaded from the NHD+ dataset (http://www.horizon-systems.com/nhdplus/HSC-

wth01.htm).  Using ArcCatalog, a network dataset was created from the NHD+ 

hydrographic data to enable extraction of streams within the Long Island Sound drainage 

basin using the network analyst toolbar (see Figure 1 for graphical representation of the 

study area).  100-meter buffers were created around streams so that 1992 and 2001 land 

use/land cover data could be analyzed within these areas of the watershed using the zonal 

statistics method described above (see Figures 2 and 3 for graphical representation of 

buffer zones). 
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Figure 1. Area of study included the drainage areas for Long Island Sound’s major freshwater 
sources, including the Connecticut, Housatonic, Pawcatuck, and Thames Rivers. 
 
 

 
Figure 2. Detail of stream buffers – buffer zones extended 100 meters on either side of streams 
within the Long Island Sound drainage network outlined in Figure 1, above. 
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Figure 3. Quantifying land use/land cover in 100-meter stream buffer zones.  Image depicts 2001 
land use/land cover prior to aggregation of land use types. 
 

 iii. Elevation data 

Elevation data were downloaded from the USGS’s Seamless Server.  As before, 

Seamless Server parsed data into several smaller files and zipped them for download.  

Files were unzipped using WinZip and pieced together in Arc using the mosaic tool. 

The digital elevation model (DEM) was filled using the fill tool and slope was 

calculated using the slope tool.  Average slope in stream buffers was calculated using the 

zonal statistics tool. 

 iv. Soils data 

Soils data were downloaded from the Natural Resources Conservation Service’s 

STATSGO dataset.  These data were overlaid atop the 100-meter stream buffer file and 

soil erodibility (K) factor, percent clay and permeability linked to each catchment’s 

buffer zones.  Since multiple soil types were often encountered within the same buffer 
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zone, K factor, percent clay and permeability were calculated for each catchment/buffer 

zone by multiplying the proportion of the buffer area occupied by each particular soil 

type by the factors associated with each soil.  These figures were then added to produce 

overall figures for each characteristic (for example, if 95% of a catchment’s buffer zone 

exhibited a K value of 0.50 and 5% exhibited a K value of 0.25, then the buffer area was 

assigned a K value of ((0.95•0.50) + (0.05•0.25)) = 0.4875). 

C. Water quality observational data download 

It was assumed that land use/land cover for the year prior to NLCD land use/land 

cover assessment and the year after land use/land cover assessment (1991 and 2000, and 

1993 and 2002, respectively) would not change significantly.  Therefore, turbidity data 

for the years 1991 through 1993 and 2000 through 2002 for states within the Long Island 

Sound watershed were downloaded from EPA’s modernized STORET database 

(http://www.epa.gov/storet/dw_home.html).  Data from additional years (i.e. 1991, 1993, 

2000, 2002) were added to enhance the richness of the dataset.  Since data were collected 

during summer months only, the entire dataset was used in developing the turbidity 

model. 

Data were imported into ArcMap for analysis; individual water quality data points 

were displayed in ArcMap and spatially joined to the buffer files so that turbidity could 

be linked to physical landscape characteristics.  Unfortunately, streamflow data were not 

consistently available from the STORET database.  Inconsistencies between the STORET 

database and the USGS’s streamflow dataset (i.e. streamflow was not consistently 

measured at the same locations as turbidity, nor were sampling sites close enough to 
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allow accurate estimation of streamflow at water quality monitoring stations) meant that 

streamflow data could not be estimated and included in the present analysis. 

D. Data manipulation 

Since the number of data points were more limited than anticipated, the number of 

predictive variables were limited, as well.  Different land use/land cover subcategories 

under the “developed,” “barren,” “agricultural,” “forested,” and “wetland” headings were 

aggregated so that five broad land use categories resulted.  Average slope in each 

catchment’s stream buffers and coefficients for K factor, percent clay and soil 

permeability were produced for each buffer zone.  Land use/land cover, slope and soil 

characteristics were incorporated into linear models to predict turbidity using the R 

statistical software package.  The first model produced incorporated 1992 land use/land 

cover data and turbidity data from 1991 through 1993.  The second model incorporated 

2001 land use/land cover data and turbidity data from 2000 through 2002.  The last model 

incorporated all years’ land use/land cover and turbidity data. 

E. Establishing a control: predicting turbidity based on soil characteristics 

 To assess the impact of land use/land cover on turbidity relative to soil variables, I 

sought to quantify the degree to which soil parameters could predict turbidity in the LIS 

watershed as a control against which to measure the success of my land use/land cover-

based model.  The first control developed was based upon the Revised Universal Soil 

Loss Equation (RUSLE), the most widely used estimator of soil loss due to erosion.  This 

model incorporated slope-length (LS), erodibility (K), and cover (C) factors, but did not 

include R (rainfall-runoff erosivity) or P (practice support) factors, since these variables 

either did not change throughout the study area (e.g., R) or information was not available 
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(e.g., P) on these factors.  The resulting model’s predictive ability was poor (multiple R-

squared values were between 0.0004 and 0.0005), and it was therefore modified.  The 

new control model incorporated K factor, percent clay and soil permeability.  These 

modifications improved the model’s predictive ability substantially (see Tables 2, 4, and 

6 in the Appendix). 

 The variables included in the soil parameter-based predictive model – percent 

clay, permeability, and erodibility (K) factor – have been closely linked to soil erosion.  

In a study of topsoils from a Georgia agricultural field, Miller and Baharuddin found that 

soil loss was related to dispersible clay and suggested that dispersion is an important 

variable to consider in estimating erosion and developing erosion prevention strategies.31  

Similarly, in their work predicting soil erosion in Australia, Lu et al. (2001) found that 

soils with high percentages of clay are at greater risk of erosion due to inherent structural 

instability.32   

Soil permeability has also been linked to erosive potential.  In an investigation of 

soil erosion in China’s Loess Plateau, Zonghu (1991) found that soil permeability is an 

important factor in the development of sheet erosion, and that greater soil permeability 

                                                
31 Miller, W.P. and M.K. Baharuddin.  1986.  Relationship of soil dispersibility to 
infiltration and erosion of Southeastern soils.  Soil Science SOSCAK 142(4): p. 235-240. 
32 Lu, H, J. Gallant, I.P. Prosser, C. Moran, G. Priestley.  2001.  Prediction of sheet and 
rill erosion over the Australian continent, incorporating monthly soil loss distribution.  
CSIRO Land and Water Technical Report 13/01.  Canberra. 
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led to a delayed onset of surface runoff.33  Marques da Silva and Silva argue, too, that 

irrigation of low-permeability soils often leads to excessive runoff and soil erosion.34 

 

6. Results 

 Results of this attempt to model the impact of landscape characteristics on 

turbidity were mixed, and are available in tabular form in Tables 1 through 6, Appendix.  

The predictive model based on 1992 land use/land cover data was far stronger than both 

the 2001 model and the model based on all years’ data.  The following section examines 

each model in turn.  I also examine the strength of soil parameter-based models and 

compare these models’ predictive abilities to the models that include data on land 

use/land cover.  In addition, I provide evidence suggesting that percent barren land in 

100-meter buffer zones is a significant predictor of stream turbidity. 

A. Turbidity prediction based on 1992 data 

i. Land use/land cover-based model  

Correlation between stream turbidity and 1992 land use/land cover, slope, K 

factor, percent clay and permeability was – relative to other models – quite strong 

(multiple R-squared = 0.351).  In addition, percent cover of barren land was a significant 

predictor of turbidity; barren land coverage resulted in a significant addition to average 

turbidity (p = 0.0405).  Statistical analysis suggested that slope in buffer zones had a 

negative influence on turbidity (p = 0.0904), but the relationship was not strong enough 

                                                
33 Zonghu, Z.  1991.  Soil erosion processes in the Loess Plateau of Northwestern China.  
GeoJournal 24(2): 195 – 200. 
34 GIS-based comparative analysis of potential soil erosion in two agricultural systems: 
Dry farming and center-pivot irrigation. A case study in Southern Portugal.  April 2007. 
http://www.gisdevelopment.net/application/agriculture/overview/agrio0004.htm 
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to be statistically significant.  K factor and soil permeability appeared to exert positive 

and negative influences on turbidity, respectively, but neither resulted in significant 

change to turbidity at the p = 0.05 level (p = 0.1552, p = 0.1574, respectively). 

 Percent cover of developed land within the 100-meter buffer zone did not seem to 

impact turbidity, nor did percent cover of forested land or agricultural land.  Percent clay 

did not strongly influence turbidity, either (p = 0.2500). 

  ii. Soil parameter-based model 

 The 1992 soils-based model did not predict turbidity with nearly as much 

accuracy as the land use/land cover-based model (R-squared = 0.040 vs. 0.351, 

respectively).  Percent clay and K factor were both significant predictors of turbidity at 

the p = 0.05 level (p = 0.002 and p = 0.005, respectively).  However, the two predictors 

impacted turbidity differently: while percent clay was negatively correlated with 

turbidity, K factor was positively related to turbidity.  Soil permeability was not a 

significant predictor of turbidity (p = 0.825). 

B. Turbidity prediction based on 2001 data 

  i. Land use/land cover-based model 

Correlation between predicted and observed turbidity values was far lower than in 

the model developed using 1992 data (multiple R-squared = 0.038).   

In this model, as in the land use/land cover-based model from 1992, the only 

significant predictor of turbidity was percent cover of barren land within 100-meter 

buffer zones (p = 0.0153).  Although elevated, turbidity was not impacted nearly as 

strongly by barren land as it was in 1992 data.  The data suggest that both percent cover 

of agricultural land within buffer zones and K factor had relatively strong impacts on 



 24 

turbidity (p = 0.1808 and p = 0.1587, respectively), but neither were statistically 

significant at the p = 0.05 level.  Neither percent cover of developed land, forested land, 

wetland, nor slope, percent clay or soil permeability seemed to play large roles in 

determining turbidity. 

ii. Soil parameter-based model 

The model produced using only soil characteristics predicted 2001 turbidity 

values with marginally greater accuracy (multiple R-squared = 0.039) than the model that 

incorporated land use/land cover information.  Although soil erodibility was closely tied 

to turbidity, it was not a significant predictor of turbidity at the p = 0.05 level (p = 0.080).  

Soil permeability, however, was a significant predictor of turbidity (p = 0.002).  Percent 

clay was not strongly related to turbidity (p = 0.366). 

C. Turbidity prediction based on all years’ data 

 i. Land use/land cover-based model 

The turbidity model developed using data from all years (multiple R-squared = 

0.050) was a slightly better predictor of turbidity than the model developed using only 

2001 data, but was not nearly as accurate as the model developed using 1992 data.  

Percent cover of barren and agricultural land were both significant predictors of turbidity 

(p = 0.004 and p = 0.033, respectively).  Data suggested that percent cover of developed 

and forested land were both closely related to turbidity (p = 0.121 and p = 0.151, 

respectively), but neither were statistically significant.  Slope, permeability and K factor 

appeared to be related to turbidity, but no significant relationship was documented (p = 

0.110, p = 0.150, p = 0.151, respectively). 
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ii. Soil parameter-based model 

The predictive power of the soil characteristic-based model developed from all 

years’ data (multiple R-squared = 0.032) was weaker than the model developed using all 

years’ data and land use/land cover information.  In the soil parameter-based model, soil 

permeability was the only significant determinant of turbidity (p = 0.001).  Results 

suggested that soil erodibility was related to turbidity, though not statistically significant 

(p = 0.111).  Percent clay and turbidity were not strongly related (p = 0.693). 

 

7. Discussion 

 A. Successes and failures of the present investigation 

The results of this investigation provide tenuous support for the hypothesis that 

land use/land cover in areas close to Long Island Sound tributaries exerts an important 

influence on stream turbidity.  Data analysis implies that further research is necessary to 

determine whether land use/land cover would be an appropriate variable on which to 

model turbidity and/or whether other, unaccounted for variables should be included in the 

model to improve predictive ability.  Unfortunately, therefore, the models developed in 

the present investigation are not sufficiently accurate for inclusion in the Long Island 

Sound Study’s suite of ecological indicators. 

Although turbidity models that accounted for land use/land cover information 

outperformed those that included only information on soil characteristics two out of three 

times, only one model was radically better than the strictly soil-based model (the 

correlation coefficient for the 1992 land use/land cover model was 0.351 while the soil-

based model exhibited an R-squared value of 0.0405).  These findings suggest that 
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pursuing the development of a land use/land cover-based model of turbidity may be more 

appropriate than simply relying on information related to soil parameters to predict 

turbidity, but also imply that a more thorough understanding of the variables that impact 

turbidity must be gained prior to the realization of a successful model. 

The present investigation demonstrates, however, that certain land use types are 

likely to be more closely related to stream turbidity within the Long Island Sound 

watershed than others.  Specifically, percent cover of barren land in 100-meter buffer 

zones was consistently a significant predictor of turbidity.  Other land use/land cover 

types, including developed, forested, wetland, and agricultural land, could not be shown 

to consistently impact turbidity.  These results were contrary to those produced in Deacon 

et al.’s investigation of land use/land cover impact on water quality in streams within the 

Seacoast region of New Hampshire; Deacon et al.’s study clearly demonstrated that 

percent urban land in a 100-meter stream buffer was significantly related to stream 

turbidity.35   

Other studies have suggested that agricultural and urban land uses contribute to 

turbidity as well.  Since they found that sediment yields were higher in catchments where 

urban and agricultural land comprise most of the land area than in catchments where 

forestland occupies most of the land area, and since they discovered that suspended 

sediment concentrations were higher in streams within agricultural and urban catchments, 

the results of an investigation by Lenat and Crawford also imply that further study should 

                                                
35 Deacon, J.R., S.A. Soule and T.E. Smith.  2005.  Effects of urbanization on stream 
water quality at selected sites in the Seacoast region in New Hampshire, 2001 – 03: U.S. 
Geological Survey Scientific Investigations Report 2005-5103.  18 p. 
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be undertaken to explore the role that land use/land cover plays in determining 

turbidity.36 

Given the literature documenting strong correlation between percent cover of 

urban and agricultural land and turbidity, additional research into the manner in which 

urban and agricultural land impact turbidity in the LIS drainage basin should be 

conducted.  Methods for improving the model and facilitating this investigation are 

outlined below. 

B. Improving the land use/land cover-based turbidity model 

Although evidence suggests that land use/land cover may be one important 

predictor of stream turbidity, the results of the present investigation also indicate that 

further investigation into the subtleties of the relationship between land use/land cover 

and stream turbidity in the Long Island Sound watershed is necessary.  Additionally, to 

obtain more accurate forecasts, other parameters should be considered for inclusion in the 

turbidity model.  Therefore, although work completed by Deacon et al., Berka et al., and 

Lenat and Crawford implies that the procedure undertaken within the present 

investigation was scientifically sound, modifications to the present methodology might 

improve the accuracy of the turbidity prediction models generated.  The following section 

will highlight several specific ways in which the turbidity model created in this procedure 

could be improved. 

i. The relationship between land use/land cover and turbidity 

One of the important questions surrounding the manner in which land use/land 

cover is related to water quality parameters concerns the scale at which patterns of land 

                                                
36 Lenat, D.R. and J.K. Crawford.  1994.  Effects of land use on water quality and aquatic 
biota of three North Carolina Piedmont streams.  Hydrobiologia 294: 185 – 199. 
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use/land cover are quantified.  There is presently considerable debate over whether land 

use/land cover within stream buffers is a better predictor of stream water quality than 

land use/land cover within entire catchments.  While some researchers have concluded 

that land use at the catchment or subcatchment scale is a more appropriate predictor of 

water quality than land use within discrete stream buffer zones, other studies have 

demonstrated that within-buffer land use is a superior predictor.37,38,39  The importance of 

scale on predictive capacity, therefore, must be resolved to improve the performance of 

the present turbidity model.  Such resolution will rely upon accurate understanding of 

watershed hydrology and other relevant landscape processes and upon researchers’ 

willingness to conduct iterative tests aimed at determining at which scale land use is most 

highly correlated with stream turbidity. 

Changes to the manner in which landscape information is processed would likely 

improve model performance as well.  For example, if catchments for which no turbidity 

data were available were considered as additional portions of contributing area for 

downstream water quality monitoring stations (thus forming an enlarged catchment), the 

turbidity models’ predictive ability might increase.  In the present investigation, 

monitoring point watersheds were calculated by overlaying a file with information on 

water quality sampling stations atop a second file containing information on catchment 

area.  Turbidity readings were linked to specific catchments, and land use/land cover 

                                                
37 Allan, J.D., D.L. Erickson, J. Fay.  1997.  The influence of catchment land use on 
stream integrity across multiple spatial scales.  Freshwater Biology 37: 149 – 161. 
38 Meynendonckx, J., G. Heuvelmans, B. Muys, J. Feyen.  2006.  Effects of watershed 
and riparian zone characteristics on nutrient concentrations in the River Scheldt Basin.  
Hydrol. Earth Syst. Sci. 10: 913 – 922. 
39 Deacon, J.R., S.A. Soule, T.E. Smith.  2005.  Effects of urbanization on stream quality 
at selected sites in the Seacoast region in New Hampshire, 2001-03: U.S. Geological 
Survey Scientific Investigations Report 2005-5103, 18 p. 
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information was calculated for each buffer area based on catchment identification 

numbers.  In this way, land use information for catchments for which no turbidity data 

were available was ignored.  Land use/land cover data in these upstream areas were lost, 

preventing accurate characterization of the landscape in the entire contributing area and 

potentially confounding analysis.  In the future, land use/land cover should be considered 

for all land area upstream of water quality sampling points, whether water quality data is 

available for these areas or not. 

ii. Inclusion of additional ecological variables 

 Study of the USGS’s spatially referenced regressions on watershed (SPARROW) 

model provides information relevant to improving the present model’s effectiveness.  In 

the SPARROW model, researchers use upstream contaminant load as one of the 

parameters on which to base prediction of downstream load.40  Since the level of a given 

pollutant at a downstream site is a function of the concentration of the pollutant at 

upstream sites, additional sources between the two sampling stations, and attenuation 

associated with landscape and aquatic processes, inclusion of an upstream turbidity 

parameter in the present models would likely improve predictive capacity.41   However, 

while it is important to consider upstream turbidity in predicting downstream values, it is 

also vital to keep in mind that the relationship between upstream concentration and 

downstream concentration may weaken as distance between stations increases.  

Therefore, the inclusion of upstream turbidity values should be balanced by a term that 

accounts for distance between sample sites. 

                                                
40 Qian, S.S., K.H. Reckhow, J. Zhai, G. McMahon.  2005.  Nonlinear regression 
modeling of nutrient loads in streams: A Bayesian approach.  Water Resources Research 
41. 
41 Id. 
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 Concentration of suspended material is also strongly impacted by flow rate.  Since 

higher streamflow results in increased stream energy and scouring power, higher flows 

generally result in a greater amount of material in suspension and higher overall 

turbidity.42  Streamflow, therefore, should be accounted for in future turbidity models. 

It is important to recognize, however, that high streamflow is not always 

associated with increased turbidity.  When a series of storms occur in sequence, for 

example, elevated flow associated with later precipitation events may not result in 

increased turbidity since high flow from earlier storms may have reduced the supply of 

material available for erosion and suspension in the water column.43  Thus, a term that 

quantifies time since last major precipitation event might also improve predictive ability 

of the turbidity model. 

 iii. Data limitations 

Although the recommendations posited in the preceding paragraphs offer several 

methods for improving the predictive power of this turbidity model, one of the major 

limitations of this study was a shortage of data.  The present analyses relied upon fewer 

than 700 observations from approximately 100 catchments.  While turbidity in some 

catchments was measured multiple times, other catchments were represented by only one 

or a few data points.  This deficiency in data is an important consideration in the effort to 

model turbidity accurately.  Increasing both the number of catchments in which turbidity 

is measured and the number of measurements per catchment, combined with the 

modifications outlined in the previous several paragraphs, would likely improve the 

                                                
42 Stuart, G.W. and P.J. Edwards.  Concepts about forests and water.  NJAF 23(1): 11 – 
19. 
43 Id. 
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accuracy of this turbidity model.  Continued monitoring, therefore, will be an important 

component in the effort to understand fluxes in, and accurately model, stream turbidity in 

the Long Island Sound watershed. 

C. Conclusions 

Although the present investigation failed to develop an accurate model for 

predicting stream turbidity within the Long Island Sound watershed, this study has 

succeeded in identifying percent barren land in 100-meter stream buffers as a positively 

correlated significant predictor of stream turbidity in the Long Island Sound watershed.  

Managers seeking to reduce turbidity in Long Island Sound’s contributing waters would 

benefit from limiting acreage of barren land in areas close to streams and rivers. 

This analysis has also determined that a turbidity model based upon parameters 

included in the RUSLE is likely not an accurate predictor of stream turbidity.  Instead, 

managers seeking to more accurately model stream turbidity would benefit by focusing 

on including parameters that quantify percent clay, soil permeability, and erodibility 

factor. 

Lastly, this study has succeeded in highlighting several of the pitfalls associated 

with the development of a turbidity model, and has produced a series of 

recommendations that, if incorporated into a similar modeling effort, are likely to 

improve the effectiveness of a stream turbidity model for the Long Island Sound 

watershed.  Although the initial goal of this investigation was to produce a simple model 

that predicted turbidity based on easily (and freely) accessible information (i.e. land 

use/land cover, slope, and information on specific soil characteristics), it has become 

clear that achieving that goal is impossible.  To ensure greater predictive capacity, a 
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turbidity model must include additional information on ecological variables.  By 

addressing questions of scale in the analysis of land use/land cover data, and including 

additional relevant ecological variables in the development of the turbidity model, it is 

probable that researchers could produce a more robust model which could potentially 

support indicator-based management and aid Long Island Sound Study managers in their 

effort to track Long Island Sound’s ecological health more effectively than a strictly land 

use/land cover-, slope-, and soils-based model could. 
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Appendix 

Predictor Developed Barren Agriculture Forested Wetland Slope Percent clay K factor Permeability 
p-value 0.714 0.041 0.948 0.200 0.200 0.090 0.250 0.155 0.157 

Table 1. Model results from 1992 land use/land cover-based model (multiple R2 = 0.351). 
 
 
 

Predictor Percent clay K factor Permeability 
p-value 0.002 0.005 0.825 

Table 2. Model results from 1992 soil-based model (R2 = 0.043). 
 
 
 

Predictor Developed Barren Agriculture Forested Wetland Slope Percent clay K factor Permeability 
p-value 0.387 0.015 0.326 0.181 0.737 0.450 0.272 0.159 0.157 

Table 3. Model results from 2001 land use/land cover-based model (multiple R2 = 0.0376). 
 
 
 

Predictor Percent clay K factor Permeability 
p-value 0.366 0.080 0.001 

Table 4. Model results from 2001 soil-based model (R2 = 0.0388). 
 
 
 
 

Predictor Developed Barren Agriculture Forested Wetland Slope Percent clay K factor Permeability 
p-value 0.121 0.004 0.151 0.033 0.394 0.110 0.327 0.146 0.151 

Table 5. Model results from all years’ land use/land cover-based model (multiple R2 = 0.0496). 
 
 
 
 

Predictor Percent clay K factor Permeability 
p-value 0.693 0.111 0.001 

Table 6. Model results from all years’ soil-based model (R2 = 0.03192). 


