
 

  

 

 

Abstract 

 

 

Halley, James McCaskill.  Watershed management and riparian buffer analyses using 

remotely sensed data. (Under the direction of S. Ranji Ranjithan). 

 

The physical parameters of past experimental riparian buffer studies were used to develop 

a riparian buffer classification framework (RBCF) that uses high resolution remotely 

sensed data to identify the physical parameters of a riparian buffer and assign an estimate 

of total suspended solids (TSS) removal efficiency.  Topographic data with a contour 

interval of 2 feet, color digital orthophotography with 1-foot resolution, and hydrography 

data covering a 1.8 square mile study area located within the city limits of Raleigh, North 

Carolina were utilized to test the RBCF.  A cartographic model was developed to prepare 

each data layer for analysis.  Applying the RBCF within the framework of the 

cartographic model produced highly detailed maps of existing riparian areas, and also 

provided an estimate of a riparian buffer’s efficiency in removing TSS from stormwater 

runoff.  In this study, riparian buffers are identified through remote sensing at spatial 

scales of sufficient detail to determine regulated widths and also to examine the separate 

management zones within a buffer.  Automated processing techniques for remotely 

sensed data, used in combination with specific resource classification schemes such as 

the RBCF will enable the assessment and analysis of site-specific conditions at county-

wide scales. 
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1.0 INTRODUCTION 

 

Riparian buffers are critical to water quality, habitat, and stream bank stability (Wenger, 

1999).   Riparian buffers reduce erosion, remove suspended solids and filter pollutants 

from groundwater (Reeder, 1996).  Riparian buffer regulations (NCAC, 2001) require 

specific overall widths and vegetation management zones within the buffer.  The data 

typically used for buffer delineation does not have adequate resolution and is often dated 

when compared to existing conditions in the watershed.  Currently, water quality models 

are developed with a vague knowledge of the riparian buffer.  Information regarding the 

condition of the riparian area and its effectiveness in reducing pollutants from overland 

flow is essential for water quality modeling and watershed management.   

 

Site-specific riparian buffer analysis and management is needed at the city and county-

wide management scale.  Riparian buffer analysis and management entails land use 

planning, regulation enforcement, identifying restoration/preservation sites, and water 

quality monitoring and modeling.  It is not feasible for city and county managers to visit 

every farm or urban area prior to devising and implementing resource management plans; 

therefore, it is imperative to develop resource monitoring and assessment techniques that 

are capable of assessing large geographic areas. 

  

Currently there is not an expeditious method to locate and evaluate riparian buffers from 

a large study area.  The resolution of most publicly available topographic and image data 

is not of sufficient detail to identify and evaluate riparian buffers.  Additionally, there is 

not a method to estimate the pollutant removal efficiency from pertinent buffer 
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characteristics once high resolution topographic and image data is available.  The 

location and desirable characteristics of riparian buffers must be incorporated into a 

management scheme, if efficient allocation of resources for protection and preservation 

initiatives is desired.  Further use of remote sensing will aid in evaluating riparian areas.  

More insight on a quantitative method of determining the conditions and extent of the 

riparian area and its buffering capacity will provide a basis for planning future 

development.   

 

The physical parameters of past experimental riparian buffer studies were used to develop 

a riparian buffer classification framework (RBCF) that uses high resolution remotely 

sensed data to identify the physical parameters of riparian buffer and assign an estimate 

of total suspended solids (TSS) removal efficiency.  The research presented in this paper 

outlines a method that provides information on the location, condition, and estimated 

pollutant removal effectiveness of the riparian buffer solely using remotely sensed data.  

The method presented is capable of providing riparian buffer data for a large geographic 

area.   

 

2.0 BACKGROUND 

 

Riparian buffer research and management generally falls in to three different categories; 

watershed management, site management, and experimental studies.  Riparian buffer 

research and management within large watershed typically requires the use of a GIS.  

Input data collected through remote sensing often lacks the needed resolution for the 

desired analyses.  Site management of a small study area is possible through the manual 
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review of aerial photographs.  This approach is effective, although the user is limited to 

small study areas.  Experimental studies include controlled field studies and modeling.  

Both activities provide useful information on riparian buffers.  Clearly, the size of the 

study area directly controls the type of management or research activity. 

  

The spatial scale of the data used in analysis must be chosen appropriately based on the 

objectives of the watershed goals and more importantly on the size of the basin.  

Convenient drainage basin “scales” presented in the past (Scheuler, 1995a) provide an 

initial framework to categorize watershed analyses.  For reference, the different 

watershed scales are presented by name and then range in size (square miles): “basin” 

(1,000 – 10,000); “subbasin” (100 – 1,000); “watershed” (10 – 100); “subwatershed” (1 – 

10); “catchment” (0.05 – 0.50 or 320 – 32 acres) (see Table 1).  For the purposes of this 

paper a watershed scale less than the “catchment” scale will be referred to as the “site” 

scale (i.e., areas that are less than 32 acres).  

 

In the late 1980s, the data needed to characterize buffer effectiveness for a large study 

area was not readily available.  The riparian buffer delineation equation (RBDE) 

(Phillips, 1989a) was used to determine a variable width buffer (Phillips, 1989b) within a 

1,167 square mile watershed in the Lower Tar River Basin in North Carolina.  The study 

was conducted at the “basin” management scale with input data having “watershed” scale 

resolution.  Later studies that implemented RBDE (Basnyat, 2000; Xiang, 1996) at the 

“watershed” management scale (53 and 69 square miles) used data at the “subwatershed” 

and “site” scale, respectively.  “Site” scale data must be used in riparian buffer analyses, 
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where typical regulated/recommended widths are 50 feet, with managed zones inside the 

buffer at widths of 20 and 30 feet (see Table 2).     

 

The studies implementing RBDE often lacked high resolution data and also predicted a 

variable width buffer, which is problematic.  Variable buffer widths can be calculated 

using  1) RBDE,  2) a method based on Manning’s equation (Nieswand et al., 1990) that 

uses a predetermined buffer width and land slope, or  3) through a simple method that 

incorporates width and land slope (Wenger, 1999).  RBDE is the most accepted 

relationship for calculating a variable buffer width based on site-specific parameters, 

although the effectiveness of riparian buffers delineated using RBDE have not been 

verified through experimental research.  Additionally, variable width buffer 

recommendations create equity issues among property owners and are seldom accepted 

by community officials. 

 

Analyses of riparian buffers to determine condition and extent at the “site” level currently 

requires manual inspection of 1:12,000 scale aerial photographs (Piedmont Land 

Conservancy, 2001).  Manual review of “site” scale aerial photography allows the 

manager to identify buffer width and basic vegetation type.  Review of stereo 

photographs coupled with forest maps, and sometimes land use maps (Oregon, 1999) 

provides riparian area width, vegetation types and density, stream shading, and continuity 

of the riparian zone from road crossings and other land uses.  This methodology primarily 

focuses on habitat improvement and does not evaluate pollutant removal efficiency. 
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The majority of riparian buffer research and model development has focused on site-

specific studies.  Several independent attempts to evaluate buffer effectiveness have been 

proposed since RBDE was introduced.  The Riparian Ecosystem Management Model 

(REMM) (Lowrance, 1998; Lowrance, 2001), Chemical, Runoff and Erosion from 

Agricultural Management Systems (CREAMS) model used alone (Williams and Nicks, 

1988; Flannagan et al., 1989) and in conjunction with the Water Erosion Prediction 

Project (WEPP) (Williams and Nicks, 1993) have been used to characterize riparian 

buffers.  Site-specific studies are invaluable in understanding the physical and chemical 

processes that occur in riparian buffer zones.  Research at the “site” scale also enables 

water quality and runoff measurements to be collected.  Collection of these 

measurements from a large study area is impractical at anything greater than the low 

range of the “site” scale.  

 

2.1 Parameters that influence riparian buffer effectiveness 

 

Buffer width, vegetation type, slope, soil type, and flow condition play a role in the 

overall effectiveness of the buffer.  Buffer width, vegetation type, and flow condition are 

the primary characteristics that control effectiveness. The slope of a buffer, perpendicular 

to the stream, affects the energy in overland flow and the residence time of stormwater 

that passes through the buffer.  Soil type has been used in the past (Phillips, 1989a) to 

evaluate infiltration capacity and the ability of the soil to retain moisture.  Flow 

conditions through the buffer, whether sheet flow or concentrated flow, may have the 

greatest influence on buffer effectiveness.   
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2.1.1 Width 

 

Adjustment of buffer width is the best option for improving buffer effectiveness (Phillips, 

1989b) as soil type and slope are more difficult and costly to adjust.   It is difficult to 

scientifically defend the recommendation a single buffer width because of the variability 

associated with land characteristics that define the buffer.  The primary reason for 

establishing a fixed width buffer is to maintain equity among property owners.   

 

Width is an important indicator of TSS and nitrogen removal.  Both grass and forested 

(poplar) buffers reduce nitrate within the first five meters of the buffer strip for 

subsurface flow (Haycock and Pinay, 1993).  Total nitrogen removal (70 to 90 percent) of 

the total nitrogen inputs (Lowrance et al., 1984; Peterjohn and Correll, 1984) from 

adjacent cropland occurred within the first 20 meters (Peterjohn and Correll, 1984; 

Jacobs and Gilliam, 1985) of the forested buffer for subsurface flow (Jordan et al., 1993).  

Processes associated with intact riparian vegetation appear to play the primary role in 

nitrogen removal, as most nitrogen removal occurs in the first 10 meters of the forest for 

subsurface flow (Lowrance, 1992).    

 

TSS removal has been demonstrated through past riparian buffer studies.  During several 

experimental studies, 15-foot orchardgrass buffers reduced TSS concentrations 

approximately 66 to 81 percent, while 30-foot orchardgrass buffers reduced TSS 

concentrations approximately 82 to 91 percent (Dillaha et al., 1988; Dillaha et al., 1989; 

Magette et al., 1989).  Buffers in agricultural areas are capable of reducing TSS by 94 

percent (164 foot buffer) (Peterjohn & Correll, 1984) while a similar trapping efficiency 
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of 84 to 90 percent was observed in a 328-foot buffer (Cooper et al., 1987).  

Recommended buffer widths are presented in Table 3. 

 

2.1.2 Vegetation 

 

Grasses and low vegetation filter surface and subsurface flow (Novotny, 1994), and dense 

trees (at least 80 percent coverage) or broad leaf grasses should cover the buffer (Reeder, 

1996).  The roots of the taller vegetation take up and transform pollutants and nutrients 

from shallow groundwater (Novotny, 1994).  Grass and forest buffers both reduce nitrate 

concentrations in shallow groundwater (Osborne, 1993).  Forested buffers are more 

effective in reducing nitrate, although they are less effective than grass buffers in 

retaining total and dissolved phosphorus (Osborne, 1993).   Riparian trees and shrubs 

mitigate increased stream temperature and low dissolved oxygen (Reeder, 1996) and 

provide stream bank stability.  Water quality degradation is primarily due to the loss of 

nutrient uptake by riparian vegetation (Lowrance et al., 1984).  Removal of the riparian 

vegetation in agricultural areas is often accompanied by tile drainage, which tends to 

contribute to higher nutrient loads, resulting in water quality degradation.  Field borders 

with perennial grasses are most effective in agriculture (Novotny, 1994); although a 

natural channel bordered by poorly drained soil and dense riparian vegetation is the most 

effective practice for removing nitrogen (Jacobs and Gilliam, 1985).   

 

2.1.3 Slope 

 

Once buffer slopes exceed the range of 15 percent (Reeder, 1996; Meyer, 2001; 

Nieswand et al., 1990) to 25 percent (Wenger, 1999; Schueler, 1995b) they are not 
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effective in removing pollutants from overland flow.  A study conducted by Dillaha 

(1989) demonstrated that an orchardgrass buffer reduced TSS concentrations by 

approximately 75 percent for a 4.6-meter (15 ft) buffer and approximately 85 percent for 

a 9.1-meter (30 ft) buffer (Wenger, 1999).  Buffer strips are ineffective on steep slopes 

with loose soils and bare soils on buffers may contribute to erosion problems (Novotny, 

1994).   

 

 

2.1.4 Soil type 

 

The most important soil characteristic in relation to buffer effectiveness is its capacity to 

store water.  When precipitation and overland flow occur over saturated soils, the 

majority of the precipitation becomes runoff.  Sandy or more permeable soils require a 

narrower buffer when compared to poorly drained soils when applying the RBDE 

(Phillips, 1989b).  The soil factor in the RBDE is used to account for infiltration capacity 

and the capability of the soil to retain infiltration (Phillips, 1989a).  The degree of 

saturation in a given soil within a buffer can be used to determine whether or not 

overland flow occurs (Wenger, 1999).  Soil type is mentioned in experimental studies, 

although the effects of varying soil type on runoff are not addressed and no specific 

quantitative soil parameters are studied.  Soil descriptions reported in experimental 

studies (i.e., Groseclose silt loam, sandy loam, shallow calcareous soils, Barnes loam, 

sand, clay, loamy sand, etc.) are similar to those found in the SCS Soil Survey and may 

not provide the appropriate data to conduct a thorough rainfall-runoff analysis within a 

buffer system.   
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Using soil type within a buffer analysis scheme can be problematic on a large scale.  The 

minimum mapping unit for most soil maps is three to four acres (Wenger, 1999).  Any 

variations in soil type within those limits would be “included” or generalized within the 

designated soil type for the specified mapping unit.  The effects of soil type on buffer 

effectiveness may be more appropriate on small project sites where field data can be used 

as a basis for determining soil properties.  In a study conducted by the United States 

Geological Survey (USGS) (Sorenson et al., 1997) several parameters (Table 4) were 

collected for 70 sites in the Midwest.  The sites were segregated into four different design 

groups based on soil type and tree density within the riparian area.  The factors studied at 

each site were uncontrolled, unlike an experimental test where only one parameter is 

varied and a control group is used.  To compare the different design groups the total 

dissolved nitrogen concentration at the watershed outlet was compared to the nitrogen 

applied within the watershed.  The categories for each design group were: tree density 

greater than 35 percent (soil group A and B), tree density greater than 35 percent (soil 

group C and D), tree density less than 35 percent (soil group A and B), and tree density 

less than 35 percent (soil group C and D) (Figures 1 and 2).  No correlation with any of 

the factors could be determined, including soil type.  TSS was compared to Bank 

Stability Index (BSI) (modified from Simon and Hupp, 1992) for each design group 

(Figures 3 and 4).  Bank Stability Index for the design group having greater than 35 

percent tree cover ranged approximately from 12 to 16, while the less than 35 percent 

design group ranged from 10 to 14, indicating there may be a direct relationship between 

bank stability and riparian tree density.  Overall, no trends based on soil type were 

observed in the data collected during the USGS study (Sorenson et al., 1997).  
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2.1.5 Flow type 

 

Determining, detecting, and manipulating the flow of stormwater through a riparian 

buffer may present the most difficult management challenge.  Flow through a buffer can 

be characterized as either sheet flow or concentrated flow.  Sheet flow occurs over a 

uniform buffer, such as a manicured grassy area typical of a park or a lawn.  

Concentrated flow is more likely to occur and may be the result of a swale, a stormwater 

pipe, or as overland flow in a gully through a mature wooded buffer.  Assuming 

stormwater flowing at a velocity of 5 feet per second enters a 50-foot riparian buffer via 

concentrated flow, residence time within that buffer is a mere 10 seconds.  Limited 

stormwater detention and release via overland flow through the buffer must be considered 

if riparian areas are to be used for stormwater treatment.  The use of level spreaders has 

been suggested by others, although there is debate on their overall effectiveness.  Initially 

distributing stormwater flow evenly throughout a buffer and then allowing it to follow 

natural drainage patterns may be a potential option for utilizing buffers for stormwater 

treatment.   

 

A measure of the slope surface homogeneity within a buffer could provide a means to 

evaluate potential flow conditions.  High resolution “site” specific topographic data 

would be needed to conduct such an analysis.  Furthermore, flow characteristics and 

topographic data collected at a specific research site would be needed to make the 

correlation between flow type and surface characteristics.  Based on current research, it 

can be assumed that flow through riparian buffers is concentrated.  The use of level 
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spreaders may aid in distributing the flow initially, although it will likely re-concentrate 

prior to entering the drainage way. 

 

The data presented in past studies presents one primary limitation.  The experimental data 

available on buffer effectiveness were obtained under controlled conditions at research 

sites where flow conditions, although not directly reported, were likely sheet flow.  This 

presents a need for further research of buffers that exhibit concentrated flow.  A slope 

analysis component may be a necessary future improvement to screen or rank areas based 

on surface homogeneity and the expected impact on buffer effectiveness. 

 

 

2.2 Remote sensing data limitations and data resources 

 

The data currently used for buffer delineation has vertical and horizontal spatial 

limitations.  Landsat satellite multispectral data is commonly used to generate land use 

land cover (LULC) datasets and has a resolution of 30 meters.  SPOT satellite data is 

collected at resolution of 10 meters and is sometimes used to enhance the resolution of 

the Landsat data (Basnyat, 2000).  Any buffers less than 30 meters, or management zones 

within a buffer (Table 2), could be misrepresented in LULC data derived from Landsat 

satellite imagery.   

 

Remote sensing systems provide three basic types of image data; panchromatic, 

multispectral, and hyperspectral.  Reflectance values collected between the 400 and 700 

nanometer wavelength range represented by equal divisions of 100 nanometers (i.e., red, 

green, and blue) define color panchromatic image data, while the same wavelength range 
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represented without divisions defines gray scale panchromatic imagery.  Panchromatic 

data is available through traditional aerial photography and also via satellite.  

Multispectral data represents the reflectance values of the image by separating them into 

approximately six divisions.  Hyperspectral data represents the reflectance values of the 

image by separating them into approximately 124 to 220 divisions or bands, depending 

on the sensor.  Table 5 presents available sources for image data.   

 

The vertical accuracy of a large scale USGS 7.5 minute digital elevation model (DEM) is 

equal to or better than 15 meters (USGS, 2002).  Slopes within a riparian buffer 

exceeding 15 percent are not recommended (Reeder, 1996; Meyer, 2001; Nieswand et al., 

1990).  A slope variation of 15 percent within a 50-foot riparian buffer would not be 

detected using a USGS large scale DEM.  Large scale USGS DEMs are recommended 

for applications having a comparable level of detail as those allowed by printed 1:24,000 

scale topographic maps.  Comprehensive riparian buffer analyses require detailed 

information that is not provided on a printed 1:24,000 scale USGS topographic map. 

 

The two principal remote sensing systems that are used to generate topographic data are 

optical and radar.  Optical systems can be satellite systems or aerial systems.  Radar 

systems are typically satellite systems.  Cloud cover can interfere with image collection 

when optical systems are used, therefore; radar can be more versatile.  DEMs are 

obtained from optical systems by scanning panchromatic stereo (those having at least 60 

percent overlap) images for special correlation processing.  Table 6 provides information 

on existing and developing methods to obtain topographic data that can be used for 
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riparian buffer analyses.  As the table indicates, the only methods that provide 0.4 to 3 

meter vertical resolution are light detection and ranging (LIDAR), Interferometric 

Synthetic Aperture Radar (IFSAR), and scanned and correlation processed National 

Aerial Photography Program (NAPP) aerial photography. 

  

2.3 Riparian buffer location and effectiveness estimation using remote sensing 

  

A method to identify the location of riparian buffers and provide an estimate of pollutant 

removal efficiency is presented in this study.  Pollutant removal efficiency is dependent 

on several factors: width, vegetation, slope, soil type, and flow conditions.  Currently, 

soil type cannot be detected through remote sensing.  The primary importance of soil type 

is its effect on runoff.  Soil type is needed to determine curve numbers when performing 

a hydrologic analysis, although the land area occupied by the buffer when compared to 

the drainage area of the site is likely insignificant.  Additionally, the hydrologist/engineer 

would be more concerned with the area draining into the buffer, not the rainfall runoff 

characteristics of the buffer itself.  The effects of infiltration (based on soil type), on 

detention time within the buffer area expected to be insignificant.  Therefore soil type 

will not be included in the analysis.  Flow type will also be omitted from the parameters 

that will be used to identify riparian buffers.  Flow through riparian buffers is expected to 

be concentrated.  Flow type could be incorporated in the future, once experimental results 

are available and a working correlation between topography and flow type has been 

determined.    
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Riparian buffer width, slope, and vegetation type will be used to estimate the 

effectiveness of riparian buffers while soil type and flow type will be omitted from the 

analysis.  The primary objective of this study is to identify riparian buffers, while the 

secondary objective is to estimate pollutant removal efficiency.  Width, slope, and 

vegetation type are parameters easily identified through remote sensing and support both 

objectives.   

 

Estimates of riparian buffer effectiveness were completed through extrapolation of 

experimental data from a specific site to a large study area, using the physical parameters 

of each as a common link.   Experimental studies report pollutant removal efficiencies 

specific to a small study area and a unique set of physical parameters.  Correlating the 

physical parameters of the experimental study area to that of the larger study area, 

provides a basis to assign a pollutant removal efficiency to an unmonitored riparian 

buffer.  The width, vegetation type, and slope of the large study area can be measured 

directly through remote sensing.  High resolution topographic data and high resolution 

multispectral or hyperspectral data are needed to measure width, vegetation type, and 

slope within the study area.  Image data having a minimum horizontal spatial resolution 

of at least four meters and topographic data having minimum spatial resolution of at least 

three meters is recommended for riparian buffer analysis.  Although attempts were made 

in the past to identify riparian buffers and characterize their effectiveness, the resolution 

of the available data limited the accuracy of the results.   
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Riparian buffers are complex systems and continue to be a popular research topic.  Initial 

studies used relationships that compared a study site against a reference buffer (Phillips, 

1989b; Basnyat, 2000; Xiang, 1996), although improvements in data resolution and 

collection were still needed.  Manual analyses (Piedmont Land Conservancy, 2001; 

Oregon, 1999) provide site-specific information although the methods are time 

consuming and often focused on habitat conditions.  Site-specific experimental studies 

and riparian buffer models are critical to understanding pollutant fate and transport and 

the effects of width, vegetation type, slope, soil type, and flow conditions on removal 

efficiency.  The RBCF, presented in this paper, provides a means to identify riparian 

buffers and estimate pollutant removal efficiency while easily incorporating additional 

site-specific data as it becomes available. 

 

Several assumptions must be made before using removal efficiency data from multiple 

studies.  The first major assumption is that the inherent variability in results from 

different test locations, sampling methods, and experimental procedures is acceptable.  

The second major assumption is that the term “removal efficiency” is acceptable to 

describe the amount of pollutant removed compared to the amount allowed to pass, 

regardless of the type of storm, flow conditions (sheet or concentrated) or the amount of 

time over which the removal has occurred.  Information regarding the type of storm and 

flow conditions under which experimental data were obtained is vague.  Studies 

conducted in coastal plain areas and under controlled conditions were likely sheet flow.  

The removal efficiencies estimated by the RBCF can only be applied if the conditions at 

the experimental sites that provided input data are similar to the conditions of each study 
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site.  Additionally, riparian buffers cannot be effective in removing pollutants if overland 

flow enters and exits the buffer as concentrated flow.  The estimates provided by this 

method assume that sheet flow is occurring through the buffer to the same extent as the 

experimental studies used in developing the method. 

 

3.0 METHODOLOGY 

 

The physical parameters of riparian buffers most easily identified through remote sensing 

are width, vegetation type and slope.  The methodology presented in this paper is founded 

on the assumption that these parameters directly correlate to pollutant removal efficiency.  

Experimental studies have determined removal efficiencies for TSS and various forms of 

nitrogen.  The width, vegetation type, and slope characteristics from each experimental 

site were used to create a framework (RBCF) that correlates unique combinations of 

these characteristics to a measured pollutant removal efficiency.  The physical parameters 

of a large study area can be collected through remote sensing techniques and the unique 

combinations of the width, vegetation type, and slope characteristics of the study area can 

then be correlated with an estimated pollutant removal efficiency using the RBCF (see 

Table 7). 

 

 

3.1 Establishing buffer zone effectiveness 

 

Buffer zone effectiveness was established through the review of experimental studies.  

The physical parameters of interest were width, vegetation type, and slope.  Pollutant 

removal efficiencies were reported for TSS and various forms of nitrogen.  For this study 
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TSS was selected as the pollutant of concern, although any pollutant can be incorporated 

into the RBCF.   

 

3.2 Width, vegetation, and slope categories 

 

The physical parameters of the study area and the experimental study sites are the 

common link that is used to estimate pollutant removal efficiency.  Categories for width, 

slope, and vegetation type must be established to link remotely sensed data to reported 

experimental pollutant removal efficiencies.  Width is the first category used to classify a 

buffer area.  Width is the most easily managed parameter of a riparian buffer, and its 

effect on flow residence time is the primary reason of its importance in improving water 

quality.  Based on the equity issues of a variable width buffer, several fixed width buffers 

were selected for this study.  It was assumed that buffer width was fixed perpendicular to 

the stream.  Based on the selected fixed width, the areas of the buffer within the fixed 

width were evaluated.  A straight-line distance perpendicular to the stream may not 

represent the actual path of runoff through the buffer, although management options and 

regulations utilize a fixed width buffer to support water quality goals.  Variable residence 

times associated with local overland flow patterns within a buffer are complex, and 

beyond the level of detail needed for identification and evaluation purposes. 

 

The categories for width are those less than 25 feet, 25 to 50 feet, 50 to 100 feet, and 

greater than 100 feet.  A buffer width of 25 feet is sited as the minimum to protect water 

quality and is often the maximum a landowner will voluntarily donate toward 

conservation easement.  A 50-foot buffer is commonly recommended, while 100-foot 
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buffer may be adequate for most water quality concerns.  Table 3 presents some common 

buffer widths, and illustrates the common divisions that are reflected in the selected width 

categories.   

 

Each width category is broken down into three slope categories.  Slope largely 

determines the energy in overland flow through the buffer (Phillips, 1989a) and can also 

play a role in determining buffer zone width (Wenger, 1999).  The majority of the 

experimental studies reviewed as part of this study were all conducted within a slope 

range of two percent to seven percent, thus the first slope division was set at ten percent.  

The only studies that examined a slope range greater than ten percent were conducted by 

Dillaha (Dillaha et al., 1989, Dillaha et al., 1988).  The upper limit of the slope division 

for slopes greater than ten percent was selected as 25 percent.  Slopes greater than 25 

percent are not recommended for riparian buffers (Wenger, 1999; Scheuler, 1995b).  As 

discussed, the available data regarding the effects of slope on buffer effectiveness are 

sparse.  Slopes greater than 25 percent were commonly identified as an upper limit, above 

which the buffer became ineffective, although this limit is based on solely on authors’ 

recommendations.  More research is needed to quantify to affect of slope on buffer 

effectiveness. 

  

Vegetation type is the last parameter evaluated for each slope category.  Vegetation 

classes were simplified to expedite the land use classification process needed to execute 

this method.  Several distinct vegetative species can exist in a mature developed riparian 

buffer.  Detailed vegetation mapping is an important aspect of riparian buffer 

management, although it is not a critical part of this study.  The five categories for land 
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cover are wooded, brush/tall grass, short grass, crops/fallow field, and no riparian cover 

(bare soil, impervious).  The land use land cover classification procedure and the 

available data must be considered when choosing land cover categories.  While an 

expanded version of the aforementioned list may be preferred by the user, expanding land 

use and land cover categories must be warranted by experimental data.  

 

3.3 Linking experimental studies and remote sensing 

 

The riparian buffer classification framework was developed to identify and evaluate 

riparian buffers using width, slope, and vegetation type interpreted from remotely sensed 

data.  Categories for width, slope, and vegetation type were developed as discussed in the 

previous sections.  Based on their physical parameters, experimental study sites were then 

placed in the appropriate category within the RBCF.  The effectiveness, measured in 

percent removal, for TSS was assigned to the appropriate width, slope and vegetation 

type category.  Figure 5 illustrates the image processing cartographic model and Figure 6 

illustrates how the RBCF is applied within that model.  Experimental results are available 

for a limited number of categories that are presented in the RBCF.   As indicated in Table 

7, more research is needed to complete the RBCF.  In areas where data was not available, 

effectiveness was estimated.  This was achieved by assigning each land cover a 

Manning’s roughness coefficient and making a comparison of roughness coefficient to 

removal efficiency, assuming a direct correlation. 

   

A high resolution LULC data layer of the study area did not exist prior to the 

commencement of this research; therefore, it was necessary to produce one.  The data 
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used to test the RBCF was obtained from publicly available sources.  High resolution (0.3 

meter or 1 foot) color panchromatic data was available for the study area; therefore, it 

was used in absence of a high resolution multispectral or hyperspectral data set.   

 

Using the methodology discussed, 25-, 50-, and 100-foot buffers were tested in the study 

area.  TSS was selected as the pollutant of primary concern due to data availability and 

the issues of sediment bound pollutants in urban areas.  The stated pollutant removal 

efficiency is merely an estimate for TSS removal from overland flow.  The objective of 

any study must be considered prior to using the buffer classification framework 

presented.  Data can be added to the framework and removal efficiencies can be updated 

as more experimental riparian buffer studies are completed.  In cases where results were 

variable, a logical estimate of effectiveness was applied.  The RBCF merely provides a 

framework to incorporate future research that can be applied to “subbasin” scale study 

areas.  

 

4.0 CASE STUDY 

 

4.1 Study area 

 

The study area selected for this application encompasses 1.8 square miles and is located 

in southwest Raleigh, North Carolina.  The image data used for LULC classification were 

two image tiles, each coving a 0.9 square mile area and having a file size of 

approximately 70 megabytes.  The west tile (Wake County Index Grid Number 

0783_004) depicts the eastern section of Lake Johnson, a recreational man-made lake 
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built on Walnut Creek (Figure 7).  The image presented in Figure 7 measures 5,000 feet 

by 5,000 feet within GIS and image processing software.  The lake is surrounded by a 

mix of evergreen and deciduous forest and several apartment building complexes.  Areas 

of new construction are also evident in the image as the bare soil has a distinct color 

compared to the darker shades of buildings, grass and trees.   

 

The east tile (Raleigh image index No. 0793_003) depicts the intersection of Gorman 

Street and Avent Ferry Rd in the upper left of the image (Figure 8).  This image contains 

two manmade lakes, one is clear and appears dark in the image while the other is very 

turbid and appears orange-brown, the same color as bare soil.  Walnut Creek and its 

tributaries are also depicted in the image files.  Avent Ferry Shopping Center, located 

within close proximity to Walnut Creek, provides a highly impervious land area that 

provided a convenient check during LULC classification procedures.    

 

The study area is located in the Raleigh Belt of the Piedmont Physiographic province. 

The Raleigh belt consists of granite, gneiss, and schist rock types.  Soil in the study area 

is mapped as part of the Cecil association.  These soils are identified as deep well drained 

soils that have a subsoil of firm red clay; derived mostly from gneiss and schist.  The 

elevation in the study area ranges between 475 and 275 feet mean sea level (MSL).  

Between the outfall of the spillway on Lake Johnson and the lowest point on the east 

image, Walnut Creek has a length of 9 kilometers (5.6 miles) and change in elevation of 

approximately 25 feet, making the approximate surface slope along the channel 0.0008 

ft/ft or 0.08 percent. 
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4.2 Analysis procedures  

 

The 1-foot resolution color orthophotography was published by Wake County GIS.  The 

aerial imagery used to generate the orthophotography was obtained in February 1999. 

Topographic data and a vector hydrography file were obtained from the Raleigh City GIS 

Division.  The City of Raleigh topographic data has a vertical accuracy of 2 feet and was 

derived from aerial flights conducted in 1991, 1992, 1993, and 1995.  The hydrography 

data was manually derived from the topographic data. 

 

A cartographic model was generated to describe image and data processing techniques 

that were developed to implement the RBCF (Figures 5 and 6). Image preparation and 

analysis was completed using Environmental Systems Research Institute’s (ESRI) 

ArcView, ArcInfo, and Command line “Arc” for GIS, and Idrisi32 developed by Clark 

Labs for image processing and GIS.   

 

The raw image file obtained from Wake County could not be readily classified using the 

selected image processing software.  To utilize the built in supervised classification 

procedure of the software, the single image file was converted to three, 8-bit images, each 

representing the red, green, and blue wavelength range used to generate the original 

image file.  Once the original image file was converted to three separate image files, and 

training areas were established, the raw image data was classified.  

 



 23

After inspection it became clear that several areas were classified incorrectly (Figure 9).  

The turbid lake in the upper right hand corner was classified as “bare soil” (yellow), the 

areas of deciduous trees only showed small patches classified as wooded (green) while 

the remainder was classified as grass (blue), and the shadows in the image were classified 

as water (red).  Although some areas were classified incorrectly, the impervious shopping 

center area and the bare soil at the active construction site were classified correctly.    In 

general, the grassy and wooded areas shown on the color image correlate with the 

categories on the classified image. 

 

The image was then reclassified to omit the misclassified water category and to combine 

the impervious and bare soil categories into a single “no riparian buffer” category.  The 

majority of the areas classified as water were shadows from wooded vegetation.  While 

the majority of the areas misclassified as water were shadows from tress, some of the 

shadows were the result of buildings.  Reclassifying shadow areas within the wooded 

portion of the image yielded accurate results, however, the reclassification of shadows 

near buildings produced apparent wooded areas that were actually shadows from 

buildings.  This may be problematic in areas where buildings are closer than 100 feet to 

the identified stream.  Creating the no buffer category was necessary to implement the 

RBCF.  The lake in the upper right hand corner, due to its turbidity, was classified in the 

no buffer category.  If a stream flowing into an impoundment such as this is represented 

within a GIS as a single line, and not an outline of the impoundment, after the RBCF is 

applied it will show the stream as having no buffer.  This occurred in the turbid lake in 

the right hand study area (Figure 10).  
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The study area for this report lies within Raleigh’s city limits.  The categories “brush/tall 

grass” and “crops/fallow field,” were not detected in the image.  Obviously, crops and 

fallow fields are unlikely LULC categories in an urban area.  Brush and tall grass were 

also not detected in the study area.  In general, land cover in the study area was either 

short grass, wooded, or impervious/bare soil.  Based on these observations, the “brush/tall 

grass” and “crops/fallow field” categories were removed from the RBCF for this specific 

application.  Four images illustrating the affects of reclassification are presented in 

Figures 11 through 13. 

 

Hydrography data is readily available for most cities, towns, and counties that use GIS.  

The use of this data layer represents some temporal limitations.  As shown in Figure 14, 

near the west end of Lake Raleigh, the stream depicted on the hydrography file (derived 

from 1995 data) and the image data (derived February 1999 data) do not match.  Flooding 

from Hurricane Fran in 1996 caused the Lake Raleigh dam to fail, exposing the lake 

bottom and causing the stream to take a different path than shown on the hydrography 

file. 

 

In the remainder of the study area, no significant differences were observed between the 

hydrography data layer and the image data layer.  Portions of Walnut Creek were clearly 

observed on the image data, although discontinuities along water surface of the stream 

due to vegetation and roads were also evident.  Creating a stream layer from the image 

data, removing any temporal differences, would be very difficult and require manual 
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joining of disconnected stream segments.  The use of existing hydrography layers is 

recommended. 

 

Once analysis was complete, it was necessary to display the 25-, 50-, and 100-foot 

buffers with a backdrop image of the study area.  When two raster images are digitally 

placed on top of each other, the top image completely masks the image below it, even in 

cases where the upper image’s cell values are zero.  In addition to the “masking” issues 

of overlaying two raster data layers, some of the cell values from each data layer have the 

same cell value yet represent different data.  The cell values of special concern are those 

between the 0 to 100 range.  In the completed buffer data layer these cells directly 

correspond to removal efficiency for the pollutant of concern.  In the red band image data 

layer the cells represent the lower 40 percent (100 out of 255) of the reflectance 

information contained in the image.  For each wavelength range, reflectance is the ratio 

of light absorbed to light reflected.  When represented in eight-bit digital format, the cell 

values range from zero for complete absorption to 255 for 100 percent reflectance.  

Reclassifying the 0 to 100 cell values in the red band image to zero, and only keeping the 

101 to 255 cells would cause the darker values in the image to be omitted.  This would 

not only make land features difficult to discern, but also when the two images are 

combined the areas containing cells values of zero in both images would create sporadic 

black areas throughout the image. 

  

A reclassification command was implemented to allow both the red wavelength band 

image and classified buffer image to be displayed in the same data layer without 
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compromising image quality.  When the two layers are combined two things happen 

simultaneously.  First, all of the “zero” cells in the riparian buffer image (the top image) 

are replaced with those of the modified red wavelength image (presented in step 22, 

Appendix C).  Second, the cell values in the resultant data layer range from 0 to 255.  The 

cell values ranging from 0 to 100 represent percent removal for the pollutant of concern, 

while the values from 101 to 255 represent varying levels of reflectance for the red 

wavelength range within the image, for display purposes only. 

 

An “image palette” was produced to display the final image.  In the palette, colors 

represent areas within the buffer, and shades of black and white depict the aerial image.  

The palette actually shows gradations from red to yellow for efficiencies less than 15 

percent, from 15 percent to 60 percent it shows gradations from yellow to green, from 60 

percent to 80 percent gradations from green to light blue, and gradations of light blue to 

dark blue for efficiencies between 80 and 100 percent.  For simplicity, a legend for 

pollutant removal efficiencies was developed.  The key depicts efficiencies of 0 to 10 

percent red, 10 to 20 percent yellow, 20 to 60 percent green, 60 to 80 percent light blue, 

and 80 to 100 percent dark blue.  Areas within each image shown in shades of red or 

orange are a result of the gradation coloring scheme applied to the raw analysis results.    

 

 

4.3 Results and discussion 

 

Two areas within the study area were selected for discussion.  The first area, depicted in 

Figures 15 through 18, was extracted from the portion of the study area covered by Wake 

County Index grid 0783_004.  The area shown is 13.7 acres and falls within the “site” 



 27

management category.  This excerpt depicts a small creek flowing between a series of 

closely spaced apartment buildings.  Figure 16 showing a 25-foot buffer, is varying 

shades of green, with some areas of red or orange.  This indicates that some areas within 

the 25–foot buffer have an efficiency of roughly 20 to 60 percent, while other smaller 

areas  have an efficiency of 5 percent or less.  As the 50- and 100-foot buffers are tested 

in the same area (Figures 17 and 18), the areas within the buffer are shown in darker 

shades of green and shades of blue, although more areas of orange and red appear.  As 

width increases the buffer becomes more effective in some areas because of the longer 

detention time for flow.   In a confined urban area, structures, walking paths and open 

grassy areas do not offer the same resistance to flow as wooded areas, and larger areas 

having a low efficiency emerge.  One could term these areas as “hot spots,” small areas 

within an otherwise effective buffer that are not contributing to pollutant removal 

efficiency. 

 

The second area, shown in Figures 19 through 22, was extracted from the portion of the 

study area covered by Wake County Index grid 0783_004.  The area shown is 23.6 acres 

and also falls within the “site” category.  This excerpt depicts a sinuous segment of 

Walnut Creek bound on both sides by wooded vegetation and a small paved greenway 

path on south side of the creek.  As with the previous series of images, the 25-foot buffer 

is mostly in the 20 to 60 percent range for removal efficiency with a few “hot spots,” 

while the 50- and 100-foot buffers show areas having roughly an 80 to 90 percent 

removal efficiency with larger “hot spots.”  The red and orange areas especially evident 

in the 100-foot buffer image are a result of several factors.  Channel features such as 
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point bars naturally lack vegetation and eroding banks also lack vegetation.  Sediment 

from Walnut Creek has accumulated or aggraded in some areas of the greenway.  The 

greenway itself is asphalt (approximately eight feet wide) and has a maintained grass area 

on either side that is also approximately eight feet.  These areas do not contribute buffer 

effectiveness, and explain the areas of low sediment removal efficiency. 

 

 

5.0 SUMMARY AND CONCLUSIONS 

 

The classified buffer images have several practical applications.  At the “site” scale (areas 

less than 32 acres) and the “catchment” scale (areas between 320 – 32 acres), the riparian 

buffer on individual parcels can be evaluated.  To evaluate the overall estimated buffer 

effectiveness, the manager would simply calculate the total buffer area (based on a 

longitudinal measure, i.e., property lines and the selected buffer width) and also calculate 

the areas within the buffer having a different pollutant removal efficiencies.  Once this 

information was obtained, the efficiencies and respective areas could be multiplied, 

summed, and divided by the total buffer area yielding a single percent removal estimate 

for the entire buffer on the particular property of interest.  Such applications would be 

very useful in water quality modeling.  Currently, water quality models are developed 

with a vague knowledge of the riparian buffer.  Through the implementation of the 

methodology presented in this paper, the riparian buffer within a watershed could be 

evaluated.  The modeler would then know what areas could achieve a greater pollutant 

removal efficiency or that the majority of the watershed that is being modeled is already 

buffered.  A more simplistic measure of effectiveness would be the manual review of a 
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classified image to detect “hot spots” (areas not contributing to buffer zone 

effectiveness). 

 

At the “subwatershed” scale, analyses similar to those of the “site” and “catchment” scale 

would be practical.  Divisions of the riparian buffer based on road crossings may provide 

buffer segments long enough generalize the analysis yet still provide accurate 

information on the condition of the buffer.  A distance of 1,000 to 2,000 feet may provide 

a target length to manage riparian buffers.  Predicting estimates of buffer effectiveness at 

the “watershed” scale and larger is not recommended. 

 

Setting aside the estimates of effectiveness, the detailed LULC data used in the 

methodology presented would enable the manager to obtain an inventory of the existing 

conditions of the riparian buffer in the watershed.  The same process could be used, 

although slope information and the RBCF would not be needed.  A red color could 

indicate areas of “no riparian buffer,” a green color could indicate grass, and blue could 

indicate wooded.  This analysis would be applicable up to the “subbasin” scale, and 

potentially the “watershed” scale. 

 

The detailed LULC data used in this method can also be used to evaluate the varying 

zones within the buffer.  Table 2 presents recommended buffer systems. Riparian buffer 

regulations typically establish an overall buffer width, with smaller zones inside the 

buffer having different management options.  For example, a 50-foot buffer may have 30 

feet near the stream that remains undisturbed while limited harvest is allowed in the outer 
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20 feet.  Using the stream segment data layer, buffered (within a GIS) and detailed LULC 

data, varying systems within a buffer zone could be evaluated.   

 

Potential buffer management scenarios enabled through this methodology are numerous. 

Therefore a clear objective is required to implement the RBCF or any complementary 

analyses.  Several management scenarios are presented in this section.  The availability 

and resolution of the data and the size of the study area will determine how the 

methodology in this paper is applied.  Potential improvements on this method should be 

considered for future applications, especially those pertaining to detailed LULC data set 

generation.  LULC classification is complex, and the method presented here is merely a 

demonstration.  It is assumed that any future refinement of this method would include a 

detailed analysis of the proper LULC classification procedures by an expert in that field.     

 

Identification and evaluation of riparian areas is possible using high resolution 

topographic and image data.  Prior to the development of this method, based on the 

literature review and experience of the author, accurately measuring the width and 

evaluating effectiveness of the riparian area within a watershed was only possible through 

manual interpretation of aerial photos or through field verification.  Through the 

implementation of the method presented in this paper, existing data can be prepared to 

implement the RBCF, producing detailed information on the location and condition of 

riparian buffer.  Additionally, the methodology presented in this paper could be 

automated, enabling the user to evaluate a large geographic area, potentially at the 

“subbasin” to “watershed” scale, depending on the management objective.  Detailed 
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riparian buffer data would enable managers to select potential restoration sites, enhance 

water quality models, determine existing conditions, enforce regulations, and locate areas 

where buffers could be preserved. 

 

Although riparian buffer literature is ubiquitous, actual experimental test results are 

sparse.  Experimental research should include riparian buffers with varying slope, width 

vegetation type, and flow conditions – especially buffers located in urban areas.  More 

scientific research at the “site” scale is needed to improve the RBCF.  The framework has 

been presented in this paper as an avenue to incorporate future research.  Pollutant 

removal estimates using the framework are expected to become more accurate as 

additional experimental data is obtained.  The depth, velocity and type of flow through 

the buffer should be added to the list of parameters typically reported in experimental 

buffer research.   

 

When removal efficiency is reported the user must know the magnitude of the storm 

event that was treated and the time period over which the data was collected.  Simple 

water quality models often report an average annual pollutant loading.  If a similar 

standard is applied to riparian buffer research, it needs to be explicitly stated.  More 

discussion is also needed regarding which storm events to include in analysis.  The larger 

storm events may be too infrequent and unaffected by the riparian buffer to feasibly 

measure, although the affect of large storms on pollutant loading may be significant.  
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A wealth of data can be provided through remote sensing.  The methodology presented in 

the paper only addresses a minute component of the entire management framework that is 

needed to protect and restore our environment.  An overview of watershed management 

is presented in Appendix D.  Additional methodologies capable of performing “site” 

specific analyses at the “subbasin” management scale are drastically needed.  As the 

world population continues to increase, the reliance on automated procedures and 

technologies that integrate remotely sensed data will be paramount to effectively monitor 

and manage environmental resources. 
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Steps to the cartographic model: 

 

1.   Obtain image data. 

2a.   Convert to three, 8-bit images if image data is color panchromatic.  If data is 

multispectral or hyperspectral, use the given bands.  

2b.  Develop training sites.  

3.   Classify the image using the training sites.  

4.   The first classified image is created. 

5.   Reclassify to combine categories to match the LULC categories in the RBCF. 

6.   The second classified image depicts the appropriate LULC categories for this 

 study area: wooded, grass, and no riparian buffer.  

7.   Obtain topographic data. 

8.   Create a triangulated irregular network (TIN).  

9.   Create a raster data layer depicting the slope surface of the TIN. 

10.   Reclassify the slope grid layer to match the RBCF slope categories. 

11.   The image is a raster data layer, having a cell size of 1-foot, with each cell 

 assigned to the appropriate slope category. 

12.  Obtain the hydrography file. 

13.   Buffer the hydrography shapefile using 25, 50, and 100-foot buffers.  

14.   Clip the slope and LULC layer with each buffer layer.  

15.   The resulting data layers from the clip command only contain data from areas that 

were clipped.  The cells outside of the selected buffer width simply contain a zero 

data value. 
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16.   Reclassify vegetation layer for analysis.  See Figure 6.  

17.   Add the slope and vegetation layer.  See Figure 6. 

17a.  The resultant data layer contains unique data values for width, slope, and 

 vegetation type.  

18. Apply the RBCF. See Figure 6.  

19. The resultant data layer in this step depicts the stream buffer, with heterogeneous 

 zones of pollutant removal efficiency.   

20.   The red wavelength band image was selected as a backdrop for the image created 

 using the RBCF.   

21.   Reclassify the data layer.  The cell values for the red wavelength band image 

(ranging from 0 to 255) were combined to fit within a range of 101 to 255, using 

an “equal-interval” reclassification technique.   

22.   Now the red wavelength data layer is ready to be combined with the riparian 

 buffer data layer.  The cell values in the red wavelength data layer range from 

 101 to 255, but still represent the full reflectance range of the original red 

 wavelength image. 

23.   A special type of “overlay” command is used to place a backdrop image behind 

the classified buffer data layer.  First, all of the “zero” cells in the riparian buffer 

image (the top image) are replaced with those of the modified red wavelength 

image (presented in step 22).  Second, the cell values in the resultant data layer 

range from 0 to 255.  The cell values ranging from 0 to 100 represent percent 

removal for the pollutant of concern, while the values from 101 to 255 represent 
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varying levels of reflectance for the red wavelength range within the image, for 

display purposes only. 

24.   The final product of this processing technique is an image depicting the selected 

 buffer width and its estimated percent pollutant removal efficiency, including a 

 backdrop image for reference.   
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D 1.0 INTRODUCTION 

 

Improving water quality must be addressed within the context of the entire watershed.  

Success or failure depends on whether or not measures are implemented at a watershed 

scale (Lal, 2000).  This study outlines the components of watershed assessment, 

management, and data analysis.  The term “watershed management” is broadly used to 

describe the management of all human activities within a drainage basin. Activities 

predominantly associated with watershed management include: stakeholder and 

community involvement, land use planning, ecosystem or green infrastructure 

assessment, natural resource area protection, stream characterization, water quality 

assessment, water quality modeling and geographic information system analysis, 

watershed protection/restoration strategies and improvement strategies, review of funding 

options, and watershed plan implementation.  The previously described list of activities is 

not all-inclusive, and is meant to provide an overview of typical activities related to 

watershed assessment and management. 

 

The location and severity of specific problems within a watershed are needed for 

effective land use planning and resource management.  Developing a database or a list of 

priority sites from field observations can be a cumbersome and expensive task, even for 

“subwatershed” scale study areas.  Physical, chemical, and biological monitoring are 

needed for a regional assessment (Reimhold, 1998).  There is a need to develop land use 

models that can be used for ecosystem management on a watershed basis that incorporate 

natural and human induced factors that contribute to land degradation (Lal, 2000).  
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Experimental studies and watershed management and/or characterization plans from 

North Carolina, Maryland, and Oregon, and Washington were reviewed, including 

various projects and case studies.   The literature review also included journal articles, 

watershed planning handbooks, textbooks, and manuals.  The author’s participation on a 

technical advisory committee during the development of a “subbasin” scale watershed 

management plan also provided information regarding the current issues facing 

watershed management.   

 

Water falling on undeveloped land, in general, infiltrates according to the soil type and 

vegetative cover.  Excess water that cannot infiltrate becomes runoff, which naturally 

carries a certain amount of sediment.  That sediment is carried to a receiving water where 

a fraction of it is deposited and the remaining fraction is transported downstream.  The 

process of deposition and erosion is continuous providing a stable flux of material in each 

drainage way. 

 

Water quantity and water quality issues arise when natural systems are altered by human 

activity.  In most cases, the modifications create surfaces that are more impervious than 

predevelopment conditions.   Imperviousness is an important indicator of water quality 

impairment (Reimhold, 1998).  Impervious surface increases runoff volume during storm 

events, causing erosion in some drainage ways and depriving others of recharge.  The 

flow over developed surfaces also has the potential to collect pollutants that have 

accumulated on these surfaces.   
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D 1.1 Water quantity issues 

 

 

Water quantity problems are most evident in small creeks, drainage ways, and streams.  

Historically, many small creeks and streams were moved to one edge of the floodplain to 

maximize land area.  In urban areas, open swales are commonly used to convey 

stormwater, and little attention is given to potential erosion problems.  Straightening 

creeks, streams, and drainage ways causes the hydraulic slope to increase, creating high 

flow velocities that mobilize sediment.  As these systems erode over time, the channels 

become deep or incised.  Once a system is incised, the bankfull depth (depth in the 

channel caused by a 1.2 to 1.5 year storm), is no longer the start of a wide floodplain, it is 

merely a point on the bank of a severely deep and confined channel.  When an incised 

stream gets a greater than bankfull storm event, the excess water cannot overflow onto 

the floodplain and the banks of the stream erode.   Stream bank erosion is the leading 

sediment source in degraded streams.  Increased flow during storm events from 

developed areas normally discharges from a central “end-of-pipe” location creating a 

significant potential for soil erosion at that location and in the receiving water body.  

Increased flow from highly impervious areas also has the capacity to transport more 

pollutants to the receiving water body. 

 

D 1.2 Water quality issues 

 

Water quality is affected by natural processes and by processes altered by human 

activities.  Natural sources of water quality impairment include physical processes, 

chemistry of bedrock and surficial geology, drainage characteristics of soils (Heathcote, 
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1998) and natural deposits of salts, gypsum, nutrients, and metals in soils that leach into 

groundwater (USEPA, 1995).  Warm conditions or drought periods can lower and 

sometimes deplete small water bodies, raise water temperatures, and lower dissolved 

oxygen concentrations (USEPA, 1995).  Pollutants associated with human activity can be 

identified as point source and nonpoint source pollutants.  Point source pollutants are 

those that are discharged at a single point such as a pipe, where as nonpoint source 

pollution is considered to be diffuse or from many small sources.  Nonpoint source 

pollution associated with urban runoff include solids, oxygen demanding substances, 

phosphorus, nitrogen, metals, pathogens, petroleum hydrocarbons, synthetic organics, 

and high temperature runoff (i.e., runoff over hot asphalt or hot water in a detention basin 

being flushed into a stream during a storm event)  (Horner et al., 1992; Reeder, 1996; 

USEPA, 1990; Novotny, 1994). 

 

Based on the 1998 Report to Congress by the United States Environmental Protection 

Agency, 35 percent of the streams (out of 23 percent of the streams and rivers in the U.S. 

that were surveyed), and 45 percent of the lakes (out of 42 percent of the lakes in the US 

that were surveyed) were identified as polluted (USEPA, 2000).   

 

Agriculture, municipal sewage treatment plants, and runoff in urban areas are significant 

sources of water quality impairment (USEPA, 1995).  Agriculture is the most widespread 

activity affecting water quality; reportedly 60 percent of the surveyed river miles and 50 

percent of the surveyed lakes are adversely impacted by agriculture.  In urban areas, 

excessive runoff provides unessential nutrients to the receiving water and it also collects 
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and transports any material in its flow path, potentially acting as a source of pollution.  

Table D 1 presents the leading water quality pollutants and their respective sources. 

 

The results of the National Urban Runoff Program (NURP) (USEPA, 1983) indicated 

that heavy metals were the most abundant priority pollutants found in urban runoff and 

organic pollutants were found less frequently and at lower concentrations.  The results 

also showed coliform bacteria will likely exceed water quality criteria during and 

immediately after storm events in many surface waters, although overall nutrient loading 

typically was one order of magnitude less than those from a publicly owned treatment 

works (POTW) after secondary treatment.  During the NURP study, oxygen demanding 

substances were detected in urban runoff at levels similar to those found in effluent from 

secondary treatment, although total suspended solids concentrations were higher when 

compared to treatment plant discharges.  Reportedly copper, zinc, and lead pose a 

significant threat in some areas of the country; although copper may be the most 

significant of the three.  Based on the study, organic pollutants and heavy metals did not 

appear to adversely affect aquatic life.  Sediments can carry pollutants, which may 

present a problem as they accumulate over time and erosion and scour can be a 

significant cause of habitat disruption.  At two locations investigated during the NURP 

study, direct recharge of aquifers from urban areas did not appear to have adverse affects 

on groundwater quality. 
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D 2.0 WATERSHED ASSESSMENT AND MANAGEMENT 

 

The art of identifying restoration/preservation initiatives at a local level within a 

watershed is accomplished by developing a prioritization scheme that rejects or scores 

different areas based upon established criteria.  The resources for this type of analysis 

vary from 1:600 scale town planning maps to 1:1,000,000 scale state maps.  The spatial 

scale of the data used in analysis must be chosen appropriately based on the objectives of 

the watershed goals and more importantly the size of the basin.  Spatial scale is the most 

important factor that affects watershed management.  Different analyses will occur at 

different spatial scales (i.e., detailed studies may be required in urban areas while simple 

screening tools may be applied to county wide studies). 

 

D 2.1 Community/stakeholder involvement 

 

 

Water quality management in large urban catchments requires an integrated and 

interdisclipinary approach (Ellis, 1999).  A unified watershed approach is one that 

assesses current conditions, incorporates assessment results into resource management 

planning, and fosters collaboration with all landowners in the watershed (Federal 

Register, 2000).  Local government involvement, public contact sessions, responsive 

committees, and public participation are all components of the planning process (Heany, 

1977).  
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The partnership that assembles to improve the current status of the watershed should ask 

the following questions (Reeder, 1996): 

• What is happening to our resource? What is bringing us together? 

� Streams that are listed as impaired 

� Water quality problems 

� The area is rapidly urbanizing 

� Loss of habitat  

• What is causing the problem?  

• What needs to be done?  

• What conditions support these goals? 

� Who is involved with the project? (stakeholders - local government, industry, 

local landowners, BMP team, education team, monitoring team)  

 

Involvement can take place through an interactive web site that charts the progress of a 

project such as the Washington Department of Transportation’s (WADOT) Uniform 

Environmental Project Reporting System (UEPRS) (WADOT, 2001).  The UEPRS is 

used to promote coordination among state agencies that fund or conduct environmental 

protection, restoration, enhancement, and mitigation activities.  The UEPRS performs the 

following functions: 

• Promotes all interested parties to form partnerships 

• Enables all interested parties to track project information 

• Provides a forum to identify unfunded environmental needs 

• Develops tools that will rank environmental sensitivities with each project (high, 

medium or low) 

 

Other methods to promote stakeholder involvement are through formal meetings held on 

a regular schedule, technical memorandums that address specific topics and concerns, 

and a project web site (CH2M Hill, 2001).  To develop a plan for Wake County, the 

stakeholders met on a regular basis to discuss the plan development.  Another option that 

has potential is the use of public service announcements.   
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Stakeholders have interests at different spatial scales.  The temporal concerns for 

stakeholders are presented in Table D 2.  Local property owners may only be interested in 

the affect of new regulations on their property.  A town manger may be concerned with a 

new management objective implemented at a local level.  Similar concerns may also exist 

for county or state officials - each having specific concerns for geographic units that vary 

in size.  Correlating a spatial scale (i.e., private lot, community park, township, etc.) with 

a special interest of a stakeholder could provide a means to organize stakeholder 

involvement.  Such a correlation could also provide a means of integrating stakeholders 

concern into a scale dependant prioritization scheme. 

   

D 2.2 Watershed area selection 

 

 

The process of selecting a watershed for characterization and management can be a 

simple process or it can involve a thorough analysis.  Simple watershed selection 

scenarios include selecting a watershed based on political boundaries (developing a state 

or county watershed plan), water quality sampling results, or an impaired stream reach.  

 

More involved methods utilize prioritization schemes and web based GIS tools.  A 

method outlined in “A Watershed Approach to Urban Runoff – A handbook for decision 

makers” (Reeder, 1996) requires the collection of watershed specific information within 

the study area.    
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The area is broken up into subwatersheds and each subwatershed is evaluated based on 

the following factors: 

 

• Size (smaller watersheds are easier to manage) 

• Use (fully supporting its use, partially supporting its use, or not supporting its use) 

• Level (its importance compared to other subwatersheds) 

• Stressor type (the cause of disturbances to the natural system) 

• Degree of the threat (likelihood that the situation may worsen in the near future) 

• Data availability (is there any data available to perform the assessment) 

• Data quality (how good is the existing data) 

 

 

The method uses a simple scoring system to identify candidate watersheds for 

management plan development and subsequent preservation/restoration activities.   

 

The Center for Agricultural, Resource, and Environmental Systems (CARES) has 

developed and Environmental Sensitivity Index (ESI) that is used to identify watersheds 

that need more intensive developmental controls.  A web-based tool was used to identify 

stakeholder interest, which is represented as data layers in a GIS.  The stakeholders are 

allowed to define their own weighting system that is used to calculate an ESI for each 

watershed.  The ESI is tabulated by multiplying the watershed area satisfying each 

criteria by the weight associated to that criteria, and then taking the sum of the product 

for all categories (see Table D 3).  The weighting points are distributed among the criteria 

as deemed by the stakeholders, although only 100 total points are available for weighting.  

In Missouri, this system was used to select priority watersheds from an 84,000 acre (130 

square miles) study area, encompassing the city of Columbia, and adjacent developing 

areas of Boone County (CARES, 2001).  Tools used in this application were ArcView 

GIS and Internet Map Server (ArcView IMS) technology, HTML, Java, Java Script, and 
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Avenue Programming.  This tool is available to the general public, and additional criteria 

are added as recommended by the public. 

 

D 2.3 Purpose of watershed management plan 

 

General 

• Summarize important issues 

• Identify features and processes that are important to water quality 

• Determine how natural processes are influencing these resources 

• Understand how human activities are affecting stream habitat and water quality 

• Evaluate the cumulative effects of management practices over time 

• Provide preliminary findings 

 

 

D 2.4 Management Goals  

 

General 

 

• Protection of fully supporting resources by maintaining their quality 

• Prevention of partially supporting resources by preventing their quality from 

degrading further 

• Restoration of resources that do not support their intended use by helping their quality 

to recover from degradation  

 

Specific  

 

• Identify areas that protect water quality 

• Determine candidate sites within the riparian corridor for restoration 

• Identify land where preservation strategies would have a positive impact 

• Restore aquatic and terrestrial habitat 

• Identify areas that might benefit from BMP installation 

• Develop a blueprint for implementing conservation initiatives 

• Provide a long range conservation plan, designed to incorporate updates 

• Increase an understanding of the issues in the watershed and provide a means to 

educate about its resources 

• Help address TMDL goals 

• Implement an approach toward a finer scale assessment 

• Plan should provide for existing in stream and out of stream needs 
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The Tools of Watershed Protection (CWP, 2002) 

 

• Land use planning 

• Land conservation 

• Aquatic buffers 

• Better site design 

• Erosion and sediment control 

• Stormwater treatment practices 

• Non-stormwater discharges 

• Watershed stewardship programs 

 

A watershed management plan can also satisfy local, state and federal regulations as 

presented in Table D 4.  

  

D 2.5 Project Development 

 

Technical 

 

• Review existing studies and data within watershed  

• Data collection and input to a central database (GIS) 

• Field assessment 

• Identify preservation/conservation initiatives and develop prioritization framework 

• Prioritize areas selected based on criteria 

• Develop or enhance a monitoring program for the watershed 

 

Institutional and organizational  

 

• Solicit public involvement 

• Identify sources of conflict  

• Develop an interactive interface between planners and the public 

• Promote equity among the affected parties 

• Incorporate a dynamic planning process that is guided by periodic review and 

redirection 

• Use planning results as a foundation for decision making 

• Develop measurable milestones and a timeframe for reaching them 

• Evaluate progress toward meeting milestones  

• Treat the watershed as an integrated system 

• Key tools include flexible policies and understandings between agencies, legal 

documents, and demonstration projects 

• Develop formal agreements 

• Plan for long term data collection and management 
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Typical assessment deliverables are presented in Table D 5. 

 

 

 

D 2.6 Location 

 

The location of the study area or watershed should be explicitly shown on a scaled map.  

It is useful to delineate subwatersheds within the selected watershed.  When discussing 

the location of the study area, a brief description of the topography and climate of the 

study area should also be included.  Program implementation is easier in smaller 

subwatersheds and those that coincide with local planning units.  Watershed delineation 

can be accomplished manually using a USGS topographic map, using a digital elevation 

model (30-meter DEM developed from scanned NAPP with precision ground control 

(ICREST TEAM members, Trauth, 2001)), or by using GIS programs such as Idrisi, 

ArcView or the WISE system.   

    

D 2.6.1   Data collection 

 

Data collection efforts should follow a phased approached and integrate the management 

goals of the watershed.  It is necessary to identify the data needed to fulfill the 

management goals before proceeding with data collection.  The goals of the management 

plan will direct the data collection efforts.  Typical information collected during a 

watershed assessment include data relating to: land use, landowner/parcel data, aerial 

photography, natural resource areas, protected lands, habitat, soils, wetlands, topography, 

hydrology, streams, and water quality.    
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The next step in the process is to gather existing data that pertains to the data needs 

identified by the watershed goals.  Existing data may be in the form of historical 

monitoring reports or as GIS layers created by local government.   Once the existing data 

is collected, it should be reviewed and information gaps can then be identified.  

Information gaps include data that is needed to fulfill the goals of the assessment that 

does not exist within the collected data.   Data that does not represent the current 

conditions within the study area would also be considered an information gap.  

Additional data collection must rely heavily on engineering judgment (Heaney, 1977).  

Once the data is collected it can be used to develop the watershed management plan. 

 

D 2.7     Land use and land cover 

 

D 2.7.1    Existing 

 

Determining land use and land cover within a watershed is a necessary step in developing 

a watershed management plan.  Land use is the human activity or economic function 

associated with a specific piece of land, and land cover is the type of feature present on 

the surface of the earth.   Guidelines for LULC classification have been proposed by the 

USGS (Anderson, 1976) that provide guidance in determining land use and land cover.  

For simplicity, land use and land cover in the USGS system is represented in a single 

category.  The Level I categories are displayed on small-scale maps ranging in scale from 

1:5,000,000 to 1:42,000.  Level II provides a finer level of detail for the categories 

presented in Level I, whose themes are displayed at scales greater than or equal to 

1:10,500.  The level of detail within each category increases as levels increase.  Maps 
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produced of Level III categories are usually presented at a scale range greater than or 

equal to 1:2,400 and Level IV at a scale greater than or equal to 1:500.  Initially, Levels 

III and IV were left “open” for application-specific categories defined by the user, but 

over time categories have been allocated for Level III and Level IV – including 

categories for Level 5 (Jensen, 2000).  Level 5 categories are reserved for data collected 

from sensors capable of yielding data with a spatial resolution of less than 0.25 meters.  

Supervised classification techniques enable land cover to be mapped at Level II, while 

ground truthing some of the data can enable mapping LULC at Level III and sometimes 

Level IV (Lillesand and Kieffer, 1994).  

 

LULC classifications can be made using different types of imagery.  In one instance, 

urban classification schemes were inadequate for a non-point source model (Johnson et 

al., 1999).  Scanned aerial photography (AP) was useful and more cost efficient than 

using Landsat Thematic Mapper (TM) or SPOT data, but the file size was almost six 

times larger.  Manual interpretation of AP was found to be more accurate than semi-

automated classification techniques, although more differences from individual bias were 

introduced.  A LULC database developed by the USGS from high altitude (1:40,000 

scale) photography is now a common data source for research (Johnson et al., 1999), 

although Landsat TM land cover data generated from a hybrid classification algorithm 

was a viable alternative to AP interpretation. 

 

Aerial photographs and Landsat TM data have their strengths and weaknesses, although 

limitations may be overcome by implementing multiple data sources (Johnson et al., 
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1999).   Correlation coefficients for Landsat TM and USGS LULC data were high for 

broad classification categories.  Urban land percentages were consistently lower when 

using Landsat TM as compared to AP and USGS LULC data.  The resolution of Landsat 

TM data (30 meter) is high enough to allow some roads to appear as forest, and some 

grassy areas (within urban areas) to be counted as agricultural or pasture.  The 

predominant feature in a pixel (that that accounts for more than 50 percent) determines 

the classification of the cell when developing LULC using Landsat TM data. 

 

Land use classification can be accomplished at any scale and management level.  Land 

use classification categories are normally based directly on the management objective.   

In watershed management, LULC maps are usually broken into five main categories 

(agriculture, urban, forest, wetlands, and other) – each with a varying level of detail and 

subcategories.   

 

The LULC classification procedures for forming the base grid for the Neuse River Basin, 

in North Carolina, entailed joining multiple summer TM scenes (30 meter resolution).  

Aerial photography was then used to interpret and label classes into land cover 

categories.  Additional data was needed in some instances to enhance the classification 

procedures.   Leaf-off Landsat TM data (30 meter resolution) and National Wetlands 

Inventory data (1:58,000 scale) was used to augment the basic classification from the 

National Land Cover Data Classification system. 
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Stormwater management requires an accurate assessment of current LULC.  In rapidly 

growing communities this assessment must be frequently updated.  A study in Missouri 

determined LULC from IKONOS 4 meter resolution images using a supervised 

classification, maximum likelihood classifier (CARES, 2001). An image of the watershed 

with the watershed boundary was part of the final product for this project (Trauth, 2001).  

 

Hyperspectral imagery (HSI) measures reflectance similar to Landsat spectral imagery 

although the image resolution using HSI is 30 times greater than Landsat.  HSI can 

provide data from areas as large as 100 square kilometers in one day, yielding image data 

with one-meter resolution.  The current challenge in using HSI is the identification of the 

material or land cover that creates the observed spectral signature (Gomez, 2001a; 

Gomez, 2001b).  Hyperspectral imagery was effectively used in a study at the Chinese 

Academy of Sciences.  Wetland delineation, crop classification, and mineral investigation 

were achieved with success (Zhang et al., 2000), although urban classification proved to 

be more effective using a panchromatic aerial photography scanned at 600-dpi resolution.  

Once LULC is determined, it can be used in site restoration and preservation initiatives as 

shown in Tables D 6 and D 7. 

 

D 2.7.1.1 Pattern 

 

Neural networks are becoming increasingly popular tools for pattern classification 

(Levine, 2000).  Some of the best-known neural networks that have been used for pattern 

recognition include adaptive resonance theory and the Boltzman and Cauchy Machines 

(Hecht-Nielsen, 1988).  Other schemes for using remotely sensed data to create LULC 
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categories are back propagation and the Kohonen Self-Organizing Feature Map 

(KOSFM) (Ji, 2000).  The geometric characteristics of urban areas, captured using black 

and white aerial photography, can also be used for classification.  An algorithm based 

around four neighborhood functions (Ober, 1992) was used to reduce urban areas into 

homogenized subareas.  The data used in the analysis was Landsat (30 meter resolution) 

and SPOT (10 meter resolution) imagery.    

 

D 2.7.1.2  Imperviousness 

 

One of the most important characteristics of land cover is imperviousness.  If a watershed 

is less than 10 percent impervious, water quality may not be impacted.  Once impervious 

area is between 10 percent and 30 percent it is probable that water quality is impacted.  

Water quality is likely degraded when impervious area in a watershed is greater than 30 

percent (DWQ, 1996).  Nitrogen loading is problematic when a watershed is between 10 

and 20 percent impervious, and stormwater BMPs have little effect on reducing nitrogen 

loading when impervious cover exceeds 35 to 40 percent (Hunt, 2001).  Imperviousness 

was the only factor that produced a systematic response on unit loads during the NURP 

study (USEPA, 1983).  Pervious surfaces are usually not a concern because a pervious 

surface has a large hydrological subtraction; therefore, only a large storm will yield an 

appreciable amount of runoff and sediment load (Novotny, 1994).  SCS curve number 

and soil type information can be used to generate estimates of imperviousness.  
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Hydrologic Soil Group A      
CNA = 0.59(% Imp) + 38.91 or % Imp = ((CNA – 38.91)/0.59) (Eq. 1) 

 

Hydrologic Soil Group B 

CNB = 0.38(% Imp) + 60.50 or % Imp = ((CNB – 60.50)/0.38) (Eq. 2) 

 

Hydrologic Soil Group C 
CNC = 0.24(% Imp) + 74.14 or % Imp = ((CNC – 74.14)/0.24) (Eq. 3) 

 

Hydrologic Soil Group D      

CND = 0.18(% Imp) + 79.82 or % Imp = ((CND – 79.82)/0.18) (Eq. 4) 

 

Note:  Calculated curve numbers and percent imperviousness should be rounded to two significant 
 figures. 
 

Population data can also be used to estimate percent imperviousness in urban areas.  

I = 9.6 PDd
(0.573-0.0391 log

10
PD

d
)    (USEPA, 1977).  For developed urban areas only. 

I = imperviousness (percent) 

PDd = population density in the developed portion of the urbanized area, persons per acre 

 

or  
 
I = 9 PDd

0.5     (Shelly, 1988) 

 

I = imperviousness (percent) 

PDd = population density in the developed portion of the urbanized area, persons per acre 

 

Population data can be obtained from the US Census Bureau or it can be estimated using 

a variety of methods.  Local city and town governments may have population data 

available that would be easily integrated into a GIS framework for analysis.  If population 

data does not exist, it can be generated using one of three methods (Lindgren, 1985).  The 

dwelling unit method uses aerial photography at scales of 1:63,000 (CIR) (“watershed”), 

1:20,000 (“subwatershed”), and 1:4,500 (“catchment”).  When using this method the 

actual dwelling units  are counted and an average family size is used to determine the 

population of an area.  This method is 99 percent accurate due to the abundance of single 

family homes in the United States.  Land use or area density measurements can be also be 
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used to estimate population.  This method uses an assumed population density for each 

land use category, using aerial photography at scales of 1:20,000 (“subwatershed”) and 

1:40,000 (“watershed”).  The third method develops a relationship between built up area 

and population density.  Using this method, a linear relationship between built up area 

and population produced the best results, although this method was noted as being the 

least useful of the three methods.  

 

Population data can also be used to estimate bacteria (total coliform) concentrations in 

surface water as a function of population density.   

 

total coliform (MPN/100 mL) = 5700 (PDE)1.35  (Glenne, 1984) 
 

PDE = population density in persons per acre 

MPN = most probable number 

 

Note:  This relationship was determined from a limited study.  

 

 

D 2.7.2  Future growth 

 

Methods to project land use and land cover change relative to the interactions of the 

environment and society are critical to future land use planning (Matheny and Wear, 

2000).  Addressing the future growth in the watershed is essential when planning for 

protection, preservation, and restoration of resources.  The future land use in the 

watershed affects water quality and water quantity and will alter stormwater flows.  

Information regarding future growth can be inferred from existing population 

characteristics, economic base, land use, and environmental impact (Heaney, 1977).  The 

study of changing land use and land cover has been a popular subject in photogrammetry.  

Many studies have been completed in China related to urban growth.  The GIS trend in 
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urban GIS is gradually changing from a dynamic monitoring system to a long-term 

information system monitoring system (Chen et al., 2000).   

 

The Community Growth Model (CGM) (Matheny and Wear, 2000) uses historical land 

use changes to estimate the land use change into the future. The CGM integrates 

infrastructure and land use to formulate its output.  Historical data (1988, 1989, 1991, 

1992, and 1993 Earth Resource Observation System (EROS) Landsat Thematic Mapper 

(TM) images) were used during the development of the model. The CGM uses logistic 

regression techniques through an econometric model based on supply and demand for 

agricultural forest products and land costs to estimate changes from forest and agriculture 

to urban land use patterns.  The CGM indicated the greatest urbanization growth occurred 

in the low density residential classification. Impacts of urban sprawl as reported in the 

study included: traffic congestion, pollution, increased impervious surface, poorer water 

quality, greater water runoff, and increased pressure on local government to control this 

growth.  The slope characteristics of land can be used to evaluate its development 

potential.  Table D 8 presents slope ranges and the corresponding development potential 

for each.  

 

 

D 2.8 Protected lands  

 

Protected lands are those with long-term limitation to developed land use.  Publicly 

owned property, such as parks and schools, are usually protected from private 

development.   Federally owned property may also provide an area where land can be 

protected.   Parks and recreational lands are usually cataloged found on 1:24,000 scale 

data sets.  Conservation easements, typically held by non-profit organizations, also 



 85

provide protection for land. Regulation of buffer areas around rivers provides another 

method of protecting land (NCAC, 2001).  Wetlands and areas containing exotic plant 

species and/or endangered species can also be protected from development.  Usually 

areas considered to be historically significant, or those that are considered as a natural 

resource, are also protected. 

  

The role of protected lands within a watershed is entirely scale dependent.  At a 

“watershed” planning level (10 to 100 square miles) the role of large protected land areas 

(state parks or military bases) would be important.  At a “subwatershed” management 

level (1 to 10 square miles), the role of smaller land areas such as riparian buffers and 

other conservation easements would be important.  Property access is often a barrier in 

implementing restoration activities; therefore, identifying public lands and their spatial 

relationship to an identified problem is paramount.  

 

 

D 2.9 Habitat 

 

Habitat is often the primary indicator of a degraded watershed and is can be a deciding 

factor when selecting and area for restoration.  Several preservation and restoration 

indicators are listed in Tables D 9 and D 10.  One habitat factor that is not mentioned in 

either table is the macroinvertebrate population of a stream, which is often identified as 

the most important indicator of water quality.  “Green infrastructure” is a term that 

describes areas of natural vegetation and habitat that have statewide or regional 

importance.  These exist in large blocks (called hubs) and are connected to other natural 

areas through “green” corridors.  The green infrastructure within a watershed can provide 
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instream and out of stream habitat for the species within a watershed.  Understanding the 

migration routes of species in the watershed will aid in planning areas of development 

and will also aid in determining areas for protection and restoration. 

 

D 2.10 Soils 

 

Soil information from the selected watershed area is needed to determine several 

parameters during data analysis.  Information presented in a soil survey can include the 

soil name, description, depth to groundwater, crop yield, presence of septic fields, and 

also have information regarding cut and fill areas.   In some regions, this data is available 

in digital format (Lillesand and Keiffer, 1994).  Soil permeability can be used to evaluate 

the potential effectiveness of stormwater BMPs.   Soil type can give indications of areas 

that may become potential farmland, and areas of highly impermeable soil may indicate 

potential development areas.  Soil information can also be used to determine Karst areas 

(Meyer et al., 2001) and it can be used during hydrologic analysis to determine the 

appropriate curve number.  A source for digital soil survey maps is the United States 

Department of Agriculture Natural Resources Conservation Service (USDA-NRCS).  

When determining recharge areas or areas susceptible to groundwater contamination, the 

underlying geology of the site is important.  Digital geologic maps may be provided 

through the USGS or state geology offices. 

 

 

D 2.11 Wetlands 

 

Wetlands have long been recognized as important areas that improve water quality and 

provide wildlife habitat.  The U.S. Fish and Wildlife Service (USFWS) National 
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Wetlands Inventory (NWI) is the most common source for wetlands information.  The 

NWI was mainly developed from the interpretation of high altitude (high quality) color 

infrared (CIR) photography (1:58,000) although soil surveys, nautical charts, and field 

checks were also used as ancillary data.  For wetland delineation color infrared film 

provided the best definition of plant communities (Mitsch and Gosselink, 1993).  The 

categorization scheme used in the NWI was developed by the USFWS (Cowardin and 

LaRoe, 1979) and has been adopted as the standard in the United States. 

   

D 2.12   Hydrology 

 

The hydrology of the watershed must be researched and understood when developing a 

watershed management plan.  The average annual rainfall of a study area can be used in 

pollutant loading estimates while design storm magnitudes are needed if stormwater 

practices are going to be sized as part of the management plan.   Typical precipitation 

return periods of interest for rainfall data are the 2-, 5-, 10-, 25-, 50-, and 100-year storms 

with precipitation intensities given for the 5-, 10-, 15-, 30-minute and 1-, 2-, 3-, 6-, 12-, 

and 24-hour storm durations.   

 

Flood data is also needed when developing a watershed management plan.  Areas within 

the 100-year flood plain could be an indicator of areas to be preserved or used in a 

watershed selection scheme (Meyer et al., 2001).  The Federal Emergency Management 

Association (FEMA) Q3 data set (1:24,000) is a source of flood data.  A study completed 

in Asia demonstrated the effectiveness of a multi-platform approach when making flood 

predictions.  Using Landsat TM and river gauge data, a relationship could be made 
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showing the number of hectares of land that will be flooded as a function of the rise in 

river level. Villages and agriculture patterns were more evident when radar was used 

instead of Landsat TM, although great care must be taken when matching the synthetic 

aperture radar (SAR) system parameters with the targets or landscape features of interest 

(Imhoff, 1986). 

 

Water usage in the basin is also an important factor when assessing and managing a 

watershed.  The location of drinking water reservoirs and surface water intakes is 

important for preservation and protection initiatives.  Stream flow data from gauging 

stations within the watershed would provide valuable information for the data analysis 

component of the watershed management plan.  Gauging station data would also be 

invaluable in developing “regional curves” for stream restoration and assessment.  

Regional curves are log-log scale graphs that depict relationships between drainage area 

and bankfull cross-sectional flow area, discharge, width, and depth. 

 

The hydrologic units in the United States are divided into four main levels and can 

provide a framework for cataloging watersheds that vary in spatial scale. The four 

established levels of classification are regions, sub-regions, hydrologic accounting units, 

and cataloging units.  The cataloging unit only provides watershed delineation at the 

“basin” scale; therefore, states must adopt their own classification for watershed 

assessment and management purposes.   The state of Maryland has defined 138 “State 

defined” watersheds each having an average area of 75 square miles (Maryland, 1998).  

These smaller watersheds nest within the larger federally defined hydrologic units.  
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Smaller “subwatersheds” and “catchments” may be defined within the “State defined” 

“watersheds” as desired by local city and town governments and non-government 

entities.    

 

 

D 2.13 Streams 

  

Stream segment data within the watershed may be provided by National Hydrography 

Dataset (NHD, 1:100,000).  Local or county GIS data may provide more detailed stream 

segment data.  Morphological stream information should also be collected if it exists for 

the study area.  Morphological stream information is data that pertains to the dimension, 

pattern, and profile of the streams in the watershed.  Morphological data could be used to 

prioritize a stream restoration project.  This type of project would occur at the “site” 

management level and would begin with an existing conditions survey of a degraded 

reach.  The probable causes of degradation would be assessed along with the potential 

function of the reach.  The potential function of the reach would be the stable 

morphological endpoint that could be achieved in the given project setting. 

 

One method of identifying problem areas along a stream corridor is through an intensive 

field effort.  This involves walking each stream segment and recording information on its 

condition.  The Stream Corridor Assessment (SCA) program (Yetman, 2001) developed 

in Maryland uses a simple prioritization system to catalog problems along stream 

segments.  The assessment does not include the development of morphological 

information for each stream although it does identify the following problem areas: 
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• Excessive stream bank erosion sites (Potential causes: Natural factors: climate and 

geology, man-made factors: hydraulic geometry, change in land use / land cover 

which change flow and sediment regime, direct disturbance, improper installation of 

in stream structures) 

• Inadeqaute stream buffers 

• Fish migration blockages (Improper culvert installation – inverts of existing culverts 

too high) 

• Exposed pipes 

• Pipe outfalls 

• Channel alterations (straightening, moving to one side of flood plain valley) 

• Trash dumping sites 

• In-stream construction 

• Unusual conditions 

 

The SCA rates each problem on a scale of one to five on the severity, correctability, and 

the accessibility of the problem site.  Each problem area is associated with a numbered 

stream segment, and all data collected is organized in a central database.  Although this is 

a labor intensive method of collecting information, the data can be readily incorporated in 

a GIS to add location information to an already prioritized list of potential protection or 

restoration sites.  Using a Global Positioning System (GPS) to locate culverts, fish 

barriers, and wetlands is typically more accurate than locations from odometer readings 

and highway milepost signs (WADOT, 2001). 

 

    

D 2.14 Water quality 

  

Water quality is one of the most important indicators of problem areas in a watershed.  In 

most cases, historical water quality data is available and should provide a good starting 

place for a watershed assessment.  A comprehensive approach to evaluating a watershed 

should include analysis of surface water and groundwater, although the focus should be 

on surface water.  While investigating surface water data, it is important to collect data on 

both point and nonpoint sources of pollution.  Data related to groundwater and surface 
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water is typically available through the regional office of the Department of 

Environmental Quality (DEQ) or Department of Environmental Protection (DEP).  

  

 

D 2.14.1   Groundwater  

 

Groundwater contamination may present a significant problem in the watershed if it 

occurs near a “gaining” stream and becomes part of the surface water flow component.  

Sources of groundwater contamination of major concern are former waste disposal areas 

(landfill leachate), leaking underground storage tanks (USTs), and failing septic systems.  

It is possible to detect failing septic systems at “subwatershed” to “catchment” scale 

(1:8,000) through the investigation of color infrared photographs.  Enhanced growth, 

dead growth, and pooling septic waste (Lillesand and Kieffer, 1994) are indictors of 

failing septic systems that can be observed through aerial photography.  The local or state 

DEQ may have GIS layers already produced from groundwater data.  Other aspects that 

affect a groundwater investigation are the location of recharge areas and the depth to 

groundwater.   

 

D 2.14.2   Surface water  

 

Surface water quality data can provide an immediate indicator of the status of a 

watershed, although in stream nutrient loads may not reflect watershed inputs (Stow, 

2001).  As with groundwater data, the local or state DEQ may have GIS layers created 

with existing surface water data.  Several water quality related indicators of problem 

areas are listed in Tables D 11 and D 12. 
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Water quality data pertaining to nitrogen, phosphorus, algae, dissolved oxygen, bacteria, 

toxic compounds, and total dissolved solids are the typical parameters analyzed as part of 

an assessment.  This data is normally collected at specific points within a watershed and 

is used to evaluate the aggregate affects of the physical and chemical processes in the 

drainage basin, whether anthropogenic or natural.  Water quality parameters that have 

distinctly different physical characteristics than their surroundings can normally be 

detected through remote sensing.  The spectral response of suspended solids in water is 

similar to that of dry bare soil (Lillesand and Kieffer, 1994).  Cholophyll (a), an indicator 

of algae, can be detected (Khorram and Cheshire, 1985), although universal models to 

predict total chlorophyll are not possible and further testing of applicable sensors in 

varying conditions is needed before remote sensing can become the standard monitoring 

procedure for ecological research or fisheries management (Millie et al., 1992).  The 

primary factors that influence the success of water quality analysis via remote sensing are 

the wavelength range, the bottom color, and the turbidity of the water (Lodhi, 1999).  A 

multiplatform optical remote sensing system augmented with moored instruments could 

provide a management network capable of forecasting environmental change (Schofield 

et al., 1999).  Thermal discharge in rivers, which can be identified using electromagnetic 

conductivity, may be an indicator of point source pollution (Ball, 2000).  Identifying 

fracture zones underneath rivers that provide recharge to acid producing underground 

mines using applied surface geophysical techniques such as electromagnetic terrain 

conductivity, magnetometry, and low frequency techniques.  

 

Impaired stream segments may have been assigned a Total Maximum Daily Load 

(TMDL) based on the status of their designated use.  As compared to water quality data, 
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TMDL data is assigned to specific stream segments within the watershed.  Other data that 

can be assigned to specific stream segments are stream morphology descriptors, land 

owner information, and sediment monitoring information.  Stream segment data may be 

more useful because it is specific to a particular area, whereas monitoring data may 

reflect the conditions of the respective drainage area. 

 

D 2.14.2.1   Point Source 

 

 

The focus of attention in recent years has been on abating nonpoint source pollution. 

However, when assessing a watershed, point source pollution must also be addressed.  

The primary sources of point source pollution are industrial and municipal entities, 

especially wastewater treatment plants.  National Pollution Discharge Elimination System 

(NPDES) permits provide a good starting point for creating an inventory of point sources 

sites within the watershed.  The site name, permit number, type of discharge, and address 

are important information to collect regarding each point discharge.  Field assessment 

(SCA as discussed in Section D 2.13) is also another way to collect information regarding 

point sources of pollution along streams within a watershed.   

 

D 2.14.2.2   Nonpoint Source 

 

 

Nonpoint source pollution, also referred to as diffuse pollution, represents the pollution 

that occurs from multiple non-distinct sources within the watershed. Agricultural 

activities, urban runoff, and hydromodification (channel dredging, filling, and 

straightening) are the leading causes of impairment for inland water bodies.  “Catchment” 

or “site-specific” activities that also contribute to water quality degradation are 
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development and timber harvesting.  Excessive stream bank erosion is one of the major 

causes of habitat degradation.  Currently the regulations that govern timber harvesting in 

North Carolina only require that sediment and erosion controls, outlined in Forest 

Practices Guidelines Related to Water Quality (15 NCAC 1J .0201 - .0209) are in place 

during harvesting operations.  These regulations may or may not be properly followed 

during all harvesting operations due to lack of enforcement and education; therefore, 

timber harvesting may present significant nonpoint source of pollution.   

 

Combined sewer overflows may contribute to surface water contamination in some areas.  

Combined sewer systems are designed to overflow into surface drainage when their 

capacity is exceeded.  Most combined sewer systems in the United States were built 

between 1850 and 1900 and the average population density of an area served by a 

combined sewer is 40 people per hectare (Novotny, 1994).   

 

Nonpoint source pollution is strongly associated with land use.   Imperviousness affects 

the hydrologic regime while land use dictates the physical and chemical constituents that 

are carried by runoff.  Unit loads associated with land use can be found in various 

publications (USEPA, 1983; Reeder, 1996; Horner et al., 1992).   

   

D 3.0 WATERSHED DATA ANALYSIS 

 

Once the watershed assessment has been completed, the data must be analyzed to extract 

the pertinent data specified in the management goals.  In review, the management goals 

fall into three primary categories: 1) Protection, 2) Preservation, and 3) Restoration.  



 95

Preservation and protection objectives differ in that sites needing restoration are more 

degraded than those needing preservation.  Some analyses include preservation with 

restoration for simplicity.  Data manipulation in most cases is completed within the 

framework of a GIS.  Prioritization schemes are often based on land area (i.e., a scoring 

scheme based on the presence of a land feature, watershed area, and weighting system), 

land surface or cover characteristics (i.e., slope, soil type, land use type), or stream 

segments (i.e., stream type, bank erosion hazard index (BEHI) (Rosgen, 1997)), etc.). 

  

The output of a data analysis scheme is typically a list of stream segments or land areas 

that have been identified for preservation or restoration.  An approach used for the 

Watuaga River Basin in North Carolina selected a list of priority sites from a larger list of 

all sites that met the management objectives.  The refined list met the management 

objectives, addressed the desires of different interest groups and identified approaches 

that relied on different funding sources.  The method of generating different acceptable 

alternatives is sometimes referred to as modeling to generate alternatives (MGA). 

  

It is important to define the project objectives, water quality issues, and constraints, and 

then use the simplest method to address the objectives, even if that includes no modeling 

(CH2M Hill, 2001).  If watershed modeling is needed, it can be used to guide a 

management plan.  Modeling should be able to address a change in water quality a result 

of different management scenarios and also estimate changes water quality based on 

multiple land use changes and BMP installations.   If a model is a necessary part of a 

watershed management plan the modeling process should be reviewed (Westervelt, 2000; 
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Chapra, 1997) as several models are available depending on the application.   The 

hydrologic portions of the models should be calibrated first, followed by erosion 

components, and finally chemical components (VPI&SU, 1996).   

 

If models are used, they should be consistent with their input data.   Simple screening 

models are used in preliminary investigations on a subwatershed scale.  These types of 

models (i.e., PLOAD) provide relative comparisons of pollutant loading from a specified 

land use.  Mid-range models assess pollutant transport mechanisms.  These models (i.e., 

SWAT) require special training and are used for large scale applications.  Detailed 

models (i.e., HSPF) can be used to identify problems areas and also can be used to model 

BMPs although they normally require significant data and time (2 to 3 years) to be 

adequately developed, calibrated, and validated.    

 

Models can be deterministic (i.e., physically based), lumped parameter, distributed 

parameter or a variation of each.   Deterministic models attempt to simulate the actual 

physical processes in the watershed while lumped parameter models do not consider the 

effects of spatial variability (spatial variability can have significant impacts on watershed 

response).  Distributed parameter models break down the study area into finer elements 

that may be used to identify a critical area in a watershed.  Deterministic distributed 

parameter models are recommended for BMP effectiveness evaluation. However the 

results of a calibrated model are only accurate to within a factor of two or three and their 

predictions should be used with full consideration of these uncertainties (VPI&SU, 

1996).  
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D 3.1 Land use 

 

Land use is often the basis for citing restoration and preservation initiatives within a 

watershed.  As part of watershed assessment, data is collected and usually analyzed 

within a GIS.  In some cases the data stored in the GIS is needed for watershed modeling.  

The Watershed Information System (WISE) is a system that links the GIS database with 

most other software systems and can generate input parameters like Manning’s roughness 

coefficient and runoff coefficients from land use and soil data.  An interface for the 

model BASINS was under development at the time of this writing (Chapman, 2001).  The 

WISE program is also capable of delineating subbasins within a watershed based on 

topographic data and can provide simple pollutant loading based on land use.  An 

especially useful tool built into the WISE system is the capability for it to provide cross-

section data along a specified stream reach that can be directly used in the hydraulic 

modeling program HEC-RAS.  The WISE system is designed to incorporate new data on 

a regular basis and it can also provide basic tools to show the effects of BMPs.   

 

Wetlands are commonly cited for preservation and restoration.  Many state agencies, 

especially state highway departments, create wetland “banks.”  Wetland banks provide 

mitigation credits that can be used on future projects that impact wetland sites.  Many 

state highway departments mitigate project impacts without regard to the location of the 

mitigation in the watershed.  A new approach (WADOT, 2001) takes the entire watershed 

into account and attempts to create or restore wetland areas at the most beneficial place in 

the watershed.  Preservation initiatives can be carried out by securing conservation 

easements on desirable property that sometimes provide tax benefits.  Preservation 



 98

easements are normally difficult to obtain on highly developed property.  Preservation 

priorities include the protection of large forested tracts and wetland areas larger than one 

acre.  The criteria for potential wetland restoration sites are areas that have hydric soil, 

are on open land, and are within 300 feet of existing wetlands.   Sites that meet these 

criteria and are located on public land are considered high priority sites. 

  

Land use classification can be used to calculate annual pollutant loads using typical 

pollutant loading rates.   This approach must be used only for comparative purposes.  The 

only statistical differences found were between open/non-urban lands and 

urban/residential/mixed/commercial during the National Urban Runoff Program (NURP) 

study.  No significant correlation has been found between the event mean concentration 

(amount of pollutant divided by the volume of water) and the runoff volume (i.e. first 

flush).   The NURP study conclusions were that land use category was of little use in 

determining runoff quality.  Factors such as geographic location, land use and land cover, 

runoff volume, slope, soil type, and rainfall did not effectively explain the variability 

observed between each site.  A potential relationship may exist between unit loads and 

land use, although the values published during the NURP study are only recommended 

for planning purposes as the best description of urban runoff (Novotny, 1994). 

 

D 3.2 Stormwater BMPs 

 

Stormwater BMPs are the principal means of nonpoint source pollution control from 

urban areas. They can exist at several spatial scales.  A reservoir may control the peak 

runoff from several large subdivisions while a small detention pond may serve a few 

apartment buildings.  A single residence may have an area in the front yard that looks like 
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a mulched garden, although it is a bioretention facility or rain garden.  Agricultural BMPs 

such as precision farming, crop rotation, and reserving minimally fertilized pasture 

significantly reduces nitrogen loading (Kersebaum, 2000). 

 

The most effective BMPs reduce the peak flow and runoff volume of the two-year storm 

(at a minimum) by implementing storage.  For most BMPs the goal is to reduce the peak 

of the two-year storm to the preconstruction peak flow.  Detention basins are capable of 

providing effective removal of pollutants in runoff.  Wet basins have the greatest 

performance with removal rates of 90 percent for TSS and Lead, 65 percent for 

phosphorus, 50 percent for BOD, COD, TKN, Copper and Zinc, and at least 50 percent 

for soluble nutrients, nitrate and soluble phosphorus.  Dry basins (with no infiltration) 

attenuate the peak but are ineffective for pollutant removal (USEPA, 1983). 

 

Most new developments are required to implement some form of stormwater 

management.  Prior to regulation, areas were allowed to urbanize without consideration 

of reducing the impacts of imperviousness.  As discussed in Section D 2.7.1.2, 

imperviousness can be used to identify areas that are contributing to water quality 

degradation and also places that may benefit from BMP installation.  A potential method 

of citing BMPs could utilize a GIS based analysis augmented with field data, potentially 

the type of data collected during the Stream Corridor Assessment (Yetman, 2001). 

 

D 3.3 Streams 

 

Stream assessments must be based partially or wholly on comprehensive field data.  The 

assessment data can then be used to develop a restoration protection scheme.  One of the 
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most important aspects of a restoration project is acquiring a conservation easement on 

the parcel of land where the restoration will take place.  Landowner cooperation is 

essential to the success of any stream restoration project.  The objective of analyzing 

stream data is to target sites for restoration or preservation.  Restoration initiatives target 

unstable streams that would typically have severe bank erosion and a history of alteration 

(channelization and/or dredging).   Target restoration sites would also include those 

showing a loss of riparian vegetation and having minimal access to the floodplain (i.e., 

incised).  Streams that should be identified for preservation include headwater streams, E 

type channels (Rosgen, 1994) and streams having a high quality riparian zone.  
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