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ABSTRACT OF THE THESIS 

Using Geographical Information System (GIS)-based Watershed Characteristics to 
Predict Stream Visual Assessment Scores 

by ELLEN FYOCK 

Thesis Director: 
Dr. Christopher C. Obropta 

The Stream Visual Assessment Protocol (SVAP) was designed as a cost-effective 

measurement of stream condition that can be used by non-scientific individuals with 

minimal training.  It is intended as a preliminary assessment to determine problem areas 

where further study is needed.  Although the SVAP is a simple assessment, resources are 

still required to train staff and volunteers on the protocol and to spend days in the field 

collecting data.  However, if existing data can be used to obtain comparable stream health 

information without requiring field work, the cost associated with these resources can be 

reduced.  This research investigated whether models can be created using previously 

collected SVAP data and GIS-based watershed characteristics to evaluate stream 

conditions to eliminate field work.  

Using GIS, characteristics such as basin area and stream size were calculated for 

the areas draining into SVAP assessment locations.  Digital data was used to determine 

characteristics based on land use/cover and soils.  Statistical models were created using 

SVAP data from the Ramapo watershed in northeastern New Jersey. Models significant 

at  = 0.10 or lower were applied to the Wanaque watershed to determine whether the 

SVAP scores can be predicted in another location.  While the regression models generally 

explained a high amount of variance in the Ramapo SVAP scores, the SVAP scores for 

Wanaque could not be accurately predicted from the test models. 
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INTRODUCTION

Rapid assessment protocols are often used as a precursor to in-depth sampling and 

analysis. These procedures generally provide preliminary information on stream 

conditions in order to target problem areas that demand more intensive study.  The 

advantages to these assessments are that they are not time-intensive and expend fewer 

resources than more comprehensive analyses.  However they still require work in the 

field collecting information, as well as subsequent evaluation, and can not replace the in-

depth study that follows.

A variety of assessment protocols have been developed that take into account the 

biological, chemical and physical aspects of stream health.  Biological indices focus on 

aquatic macroinvertebrate and fish communities, which are easily affected by stream 

contamination or alteration, as indicators of riparian health (Sawyer et al., 2004).   Two 

commonly used methods are the Index of Biotic Integrity (IBI) and the River Invertebrate 

Prediction and Classification System (RIVPACS) (Gergel et al., 2002).  Chemical indices 

reflect water quality attributes, which are often indicators of point source and non-point 

source pollution from stormwater runoff.  They may include measurements of pH, 

temperature, turbidity, concentration of metals, or the presence of other polluting 

chemicals (Ibid).  Water quality sampling is more costly and time consuming than rapid 

assessments (Peterson, 2006). 

Physical habitat assessments have become more prevalent over the past 20 years 

and have become well accepted by state and federal agencies in the United States 

(Bjorkland et al., 1999). These methods take into account the physical condition of the 

stream channel and extend into the riparian area (Gergel et. al, 2002).  Studies have also 
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begun to expand beyond the immediate riparian zone to include the influence of the 

surrounding watershed.  These studies use aerial imagery, field results and data from 

geographical information systems (GIS) to measure the effects of land use and other 

landscape indicators (Gergel et al., 2002).

Regional factors, such as land use, topography and climate, must also be 

considered, so assessments need to be adapted to local conditions.  Unfortunately, this 

also leads to a variety of assessment methods and collected data (Somerville and Pruitt, 

2004).  Often, different assessments are measured against each other to evaluate their 

effectiveness and to determine the most effective set of stream health indicators.  

Biological assessments are frequently used to determine physical and chemical stressors, 

as well as the influence from the broader landscape, as macroinvertebrate and fish 

assemblages are easily influenced by physical habitat conditions, water chemistry and 

broader watershed characteristics. (Gergel et al., 2002). 
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LITERATURE REVIEW 

Biological Assessments 

   Sawyer et al. (2004) compared macroinvertebrate habitat to physical habitat, 

water chemistry and land use in a watershed in Alabama.  Physical habitat data was 

collected using the US EPA’s Rapid Bioassessment Protocol and Ohio’s Qualitative 

Habitat Evaluation Index and a comparison of these methods found them to be highly 

correlated at r = 0.80.  Land use percentages were calculated for the catchment area 

surrounding each sampling point using GIS to delineate the areas.  Sawyer et al., (2004) 

used principal component analysis (PCA) to group variables, and then correlated them 

with biological data to determine which factors relate to community structure.  

Macroinvertebrate and fish assemblages were found to correlate the most strongly with 

physical habitat factors, with stream width and catchment area correlating to EPT 

richness (r = 0.588).  The chemical factors of ammonia and turbidity negatively 

correlated with macroinvertebrate diversity (r = -0.358). Percent agriculture was the only 

land use factor that correlated with biological indices, correlating with sensitive EPT taxa 

(r = 0.452).  While Sawyer et al. obtained the physical habitat factors through field study, 

this research will show how these measurements can also be calculated using hydrologic 

modeling in GIS. 

 Kennen (1999) compared macroinvertebrate community to watershed 

characteristics in order to evaluate relationships with impairment levels. GIS was used to 

calculate catchment areas and land use was determined from aerial photography.  

Regression analysis showed that impairment most significantly related to amount of 

urban land, amount of forested land, and total flow of municipal effluent.  The resulting 
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regression equation showed a rank correlation of 0.684.  Although the study did not 

include physical habitat characteristics, it does show that land use data can be use to 

evaluate stream health. 

Kokes et al. (2006) evaluated modeling software that uses reference data from the 

Czech Republic to predict macroinvertebrate assemblages from watershed characteristics.  

To use this software, physical stream data were collected from sample sites in the field or 

obtained using GIS data layers, and forward selection analysis determined the best set of 

predictors from the data. The predictors selected were: distance from source, stream 

order, altitude, longitude, latitude, slope and catchment area with a total variance of 85%. 

These variables would be entered into the system to predict macroinvertebrate 

assemblages and the results are used to assess stream conditions for water management 

projects.  Again, many of the predictor variables that Kokes et al. collected in the field 

can also be determined using GIS software. 

Conversely, Norton et al. (2002) tested a model that uses biological data to predict 

physical and chemical stream conditions to simplify how biological indices can be used 

to support water management initiatives.  Principal component analysis narrowed a set of 

18 measured physical and chemical variables to 6 factors, and multiple linear regression 

models were created for each factor.  The models for all of the variables were significant 

at = 0.05 but explained little variance in the data, though the stream chemistry models 

were stronger than the physical models.  The model for the chemical variables TSS, Fe 

and BOD explained the most variability at r2 = 0.34 and the model for the physical 

variables riffle quality, substrate quality and embeddedness explained the least, at r2 = 

0.10.



5

Rogers et al. (2002) used macroinvertebrate data to evaluate impacts from 

chemical and physical factors such as metal contamination and habitat conditions, and to 

measure the importance of studying these factors together.  They found that biological 

conditions were significantly dependent on physical habitat at a 95% confidence level, 

with the regression model accounting for 30% of the variability of biological conditions. 

By adding in the metal contaminant variables the model was able to explain 49% of the 

variability of macroinvertebrate assemblages. The authors also note that some sites that 

exhibited high physical habitat scores scored low for biological condition due to metal 

contamination.  This suggests that one kind of data alone may not be sufficient to provide 

accurate stream conditions, and multiple factors combined may be better indicators of 

biological stress. 

The characteristics that impact stream health are complex and often interrelated 

(Gergel et al., 2002).  These studies have shown that relationships can be found between 

biological data and physical and chemical stream conditions, in addition to conditions in 

the broader watershed. These results can be used to streamline how information is 

collected for preliminary evaluation by focusing on the indicators that require the fewest 

resources.   For instance, in Sawyer et al. (2004) and Kokes et al. (2006), some of the 

physical habitat factors that correlated most strongly were physical parameters, such as 

catchment area and stream length or width, which can also be determined using GIS 

applications.  Land use composition, which can also be determined using GIS, was also 

found to be significant (Sawyer et al., 2004 and Kennan, 1999). Establishing a set of 

indicators that can be generated in the office would help to simplify the preliminary 

evaluation.
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Predicting Physical and Chemical Habitat Information 

Research on whether stream health information can be predicted from broad 

watershed characteristics such as land use has varied by data type and analytical methods.  

In an early study using GIS, Richards and Host (1994) compared macroinvertebrate 

assemblages and physical habitat information with land use data from the U.S. 

Geological Survey.  GIS was used to overlay the land use information with manually 

delineated watershed boundaries and stream habitat was assessed for the reach above a 

sample point for each area.   Pearson correlations were used to compare stream habitat 

variables to macroinvertebrate data collected from the sample points to determine which 

stream characteristics influence the macroinvertebrate structure.  The physical habitat 

variables that had significant correlations (  <= 0.10) were embeddedness, substrate size, 

amount of woody debris, algal abundance, stream width, percent run, percent shade and 

sinuosity.  These habitat variables were then compared to the land use data, and 

significant correlations were found between embeddedness and percent agriculture (r = 

0.63,  = 0.05), as well as substrate size and urban development (r = 0.55,  = 0.10).  

These results support that it is possible to determine relationships between land use data 

and stream assessment information.  

Amis et al. (2007) compared a combination of physical, chemical and biological 

parameters to land use and land cover variables to create a GIS-based model for 

predicting stream integrity.  Physical characteristics were measured and weighted by the 

author’s determination of relative impact, and include: bank erosion, channel 

modification, vegetation decrease, flooding, flow modification and bed modification.  

The study area was delineated based on variations in geology, natural vegetation and 
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altitude, and therefore varied in how many assessment sites were found in each study 

area. This information was layered with land use and population density data and these 

parameters were assigned weights based on their perceived impacts.  Linear statistical 

models were created at different spatial scales to determine relationships between the data 

sets.  The models predicted stream integrity from the land use/land cover variables with 

77% accuracy.  The extent of cover by natural vegetation was found to be a strong 

predictor at all scales although its contribution to variability was not noted by the authors.

One interesting aspect of this study was that the spatial differences were taken into 

consideration. The land use/land cover data were calculated for various distances from 

the stream to determine if spatial scale would affect the ability for land use to predict 

stream health. The results showed that the larger catchment areas were more effective at 

predicting stream health, supporting that the collective influences of a watershed are 

representative of stream health. 

Snyder et al. (2005) used linear regression to determine whether stream health 

rankings could be predicted using land use and land cover information.  Stream health 

was determined by a combination of biological data and physical stream data ranked 

from poor to excellent.  Land use and land cover data were calculated using satellite 

imagery to determine percent tree cover, percent impervious surface area and percent 

crop.  Slope and flow path were also calculated by delineating the watershed in GIS.  

Logistic regression models showed impervious surface area to be the most important 

predictive variable, contributing 33% of the variance in stream health conditions.  Percent 

tree cover was also significant at  = 0.05 but contributed very little to the variance (2%).
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Some studies have focused only on impervious surface data to explore its effects 

on stream health.  Cianfrani et al. (2006) evaluated total impervious area to determine 

relationships with stream width, depth, pools, sediment size, large woody debris, 

embeddedness and sinuosity.  Impervious area was calculated using aerial photography 

and categorized based on the percent of impervious area.  Stream characteristics were 

measured in the field.  Statistical analysis showed that total impervious area was 

significantly correlated with the amount of large woody debris (  = 0.05), sinuosity (  = 

0.10) and, at higher levels of impervious area, pool depth (  = 0.05). 

In another study focusing on impervious surface, Ourso & Frenzel (2003) 

investigated percent impervious surface as an indicator of urbanization effects on stream 

health.  Impervious area was calculated using satellite imagery and compared to stream 

habitat, macroinvertebrate, and water chemistry data collected in the field, as well as land 

use data from satellite imagery and aerial photography.  Physical characteristics that 

correlated with percent impervious area at  = 0.05 were sinuosity (r = -0.844), percent 

bank erosion (r = -0.681) and percent reach > 20% embedded (r = 0.587).  Although the 

specific stream characteristics differed between this study and that of Cianfrani et al., 

both reflect the effects of runoff from impervious surfaces and reinforce its effectiveness 

as a predictor of stream health.  Ourso & Frenzel question the accuracy of their results 

due to their low coefficients of determination, attributing them to the subjectivity of 

erosion and embeddedness assessments and the unreliability of sinuosity measurements 

for shorter stream segments.  However, if the subjectivity of field assessments is 

questionable, then further study on using GIS-based data to assess streams would be 

useful.
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Some research on GIS as a predictor of stream health focuses only on chemical 

conditions.  Peterson & Urquhart (2005) used GIS to develop a statistical model to 

predict dissolved organic carbon (DOC) from watershed characteristics that were 

calculated in GIS or accessed from GIS-based datasets.  DOC was related to percent open 

water, percent wetlands, percent rock type and mean minimum temperature, with 72% of 

the variability explained by the model.  A lack of consistency of the model across study 

regions indicates that different models may be needed in different geographical areas.  

The authors were also concerned that the model does not account for changes in water 

quality due to local factors, such as point sources of organic inputs, which would not be 

represented in overall land use information.  However, the authors were confident in the 

model’s general accuracy when predicting DOC from watershed characteristics. 

Zampella et al. (2007) found relationships between GIS-based land use data 

obtained from the New Jersey Department of Environmental Protection (NJDEP) and 

chemical data using both graphical analysis and statistical modeling.  Using regression 

analysis at  = 0.05, urban land was found to be a significant predictor of pH (r2 = 0.75), 

specific conductance (r2 = 0.68) and chloride (r2 = 0.83).  Upland agriculture was found 

to be a significant predictor of calcium (r2 = 0.65) and magnesium (r2 = 0.67).  The study 

also stressed the importance of including both urban land and upland agriculture variables 

to analyze water quality, as each was a major predictor variable for different models. 

Santos-Roman et al. (2003) used GIS and remote sensing data to derive variables 

such as channel length, drainage area, slope, shape, change in land cover, climate and 

geology in order to develop statistical models that predict water quality conditions in 15 

basins in Puerto Rico.  Using multivariate analysis and stepwise regression at  = 0.15, 
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they found that water quality can be predicted consistently, with the most significant 

predictor as forest rate of change (p = 0.0004).  Other significant parameters were percent 

of limestone (p = 0.0408), annual rainfall (p = 0.0407) and watershed shape (p = 0.0208).

Both of these studies found that using GIS information such as land use, climate 

and rock type is accurate enough to predict water quality information.  However the 

ability of GIS to predict chemical water quality does not demonstrate its ability to predict 

other aspects of stream health, such as physical conditions. However, it does provide a 

foundation that can help target further area of research. 

GIS and Statistical Analysis 

As these studies have shown, using GIS to analyze data can be an effective way to 

predict stream assessment results.  GIS data is often available from state or other local 

agencies and is becoming increasingly easier to obtain through free Internet downloads.  

Additional watershed information can also be generated using hydrological modeling 

applications in GIS software.  GIS-based applications allow the overlay of different 

categories of data to compare within the same geographical area.  For instance, Boggs et 

al. (2001) were able to use GIS-derived data and data linked in GIS from soil and land 

use maps to generate the variables needed for a modification of the revised universal soil 

loss equation (RUSLE) to determine erosion risk on a watershed scale.

Using statistical analysis, relationships between GIS-based data and field-

collected data can be investigated.  Many studies use correlation analysis to find 

relationships between datasets, which may suggest a cause and effect, such as a change in 

water chemistry causing a change in fish population.  Another commonly used statistical 

method is regression analysis, which provides a statistical model that can be used to 



11

predict results based on a fixed set of variables.  The use of GIS to predict stream 

conditions should not be considered as an absolute replacement for field work, but it 

could become an effective way to provide the information used in the early planning 

stages of restoration projects.  If field assessment data can be predicted from GIS-based 

data, it can reduce the amount of preliminary field work needed. 

With the availability of numerous means of assessing stream conditions, it is 

difficult to determine the most effective method.  Dale and Beyeler (2001) examined 

characteristics that would make effective ecological indicators. Their criteria included 

that indicators should be easily measured, responsive to stress in a predictable manner, 

and should integrate key gradients across ecological systems.  In 2004 the US 

Environmental Protection Agency (EPA) and the US Army Corps of Engineers (USACE) 

co-funded a review of physical stream assessments used across the country (Somerville 

and Pruitt, 2004).  The methods were studied to identify the assessment types most 

suitable to evaluate stream health based on the conditions set forth by the Clean Water 

Act.  Forty-five methods were reviewed based on a survey that was sent to a combination 

of regulatory and non-regulatory agencies, and results varied based on complexity of the 

protocol and relevance to the Clean Water Act. The objectives for the different 

assessments also varied, and no single variable was commonly cited by the respondents.  

Some of the qualities suggested by the study as important for a thorough assessment are 

objectivity, data management and appropriate training.

To use an assessment method for statistical analysis, it would need to be based on 

quantitative rankings that can be easily compared to other numeric watershed 

characteristics.   The flexibility to measure stream health elements either individually or 
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as part of a total score would be useful in determining the most effective model. As a 

result this research will examine the Stream Assessment Visual Protocol and its ability to 

be predicted by watershed characteristics. 

Stream Assessment Visual Protocol

The Stream Assessment Visual Protocol (SVAP) was developed by the Natural 

Resources Conservation Service (NRCS) and the U.S. Department of Agriculture as a 

rapid visual assessment of stream physical habitat (USDA, 1998). It is intended for non-

scientists, such as riparian landowners and local volunteers, and requires minimal training 

(Bjorkland et al., 1999). Physical stream elements are qualitatively rated from 1-10, and 

the scores of each element are averaged for an overall score for the site.  The assessment 

scores can be used to find the location of impaired streams to target for further study in 

the development of conservation and restoration programs. 

The effectiveness of the SVAP has been measured in a few studies.  During its 

development, the SVAP was tested at 182 sites and compared to a variety of assessment 

procedures, including the Index of Biotic Integrity (IBI) and state-specific protocols 

(USDA, 1998).  Most of the procedures compared well with the SVAP, and those that 

were considered poor were attributed to the level of experience, draft of the protocol in 

use or regional differences in stream types (Bjorkland et al., 1999). Precision was also 

tested during development by comparing SVAP results from trained individuals who 

independently assessed the same reach, and the coefficient of variation was 8.8 percent 

for the overall stream score (USDA, 1998). In the study by the EPA and USACE, the 

SVAP was among the assessments reviewed. Although the overall suitability score was 

low, this was in reference to the Clean Water Act guidelines which are not the intended 
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use for the SVAP evaluations (Gerger et al., 2002).  The SVAP scored well in the level of 

effort and level of expertise categories, which is important in a method designed to be 

cost-effective and user-friendly. 

A study by Ward et al. (2003) evaluated the SVAP in comparison with two other 

visual assessments: The US EPA’s Habitat Assessment Field Data Sheet (HAFDS) and 

the US Department of Interior Bureau of Land Management’s Proper Functioning 

Condition (PFC) assessment.  Data on channel width, depth, slope, substrate and 

vegetation, was collected on site as the other assessments were conducted.  This 

information was compared to each assessment type using regression analysis to 

determine how these stream characteristics affect assessment scores, and SVAP scores 

were found to be affected by entrenchment, slope, substrate size, percent run and canopy. 

The SVAP correlated well with the HAFDS (r = 0.81), as the elements measured by the 

two procedures are very similar. The SVAP and PFC had a weaker correlation (r = 0.54), 

but the scoring method and type of information assessed for the PFC differed more.  

Rosgen Stream Morphological Classifications were also determined for each reach and 

compared to the assessments to determine if stream class affects the outcome of the 

assessment.  Results showed that there is a difference in average SVAP score for 

different stream class, and care should be taken when comparing SVAP scores from 

different stream environments. 

One study by Teels et al. (2006) used the SVAP and IBI to measure the response 

to riparian buffer establishment. Drainage areas were delineated for each sample site and 

overlaid with GIS land use. Both methods were successful in showing an improvement 

in stream health following the buffer establishment.  As part of the study, IBI scores were 
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compared to the SVAP, which was considered to represent “local” stream conditions, and 

to land use, which was considered to reflect broader stream conditions.  SVAP scores 

were shown to correlate strongly with IBI scores (r = 0.70) while land use showed weaker 

negative correlations with IBI scores (r = -0.38).  The results indicate that GIS-generated 

land use data may lack the detail needed to evaluate biological stream conditions as 

effectively as stream assessments.  But as some correlation was found, this does not 

eliminate GIS as a means to collect preliminary assessment data in order to target 

locations for more detailed assessments. 

Studies that compare stream assessments based on numerical ranking have shown 

that their results correlate strongly and the SVAP is no exception (Bjorkland et al., 1999 

Ward et al., 2003, Teels et al., 2006).   Physical stream assessment and GIS-based data 

have also been effective in predicting other stream health conditions (Sawyer et al., 2004, 

Kennen, 1999, Kokes et al., 2006).     Few studies have used GIS data to predict physical 

stream assessment information.  Amis et al. (2007) developed a statistical model to 

predict stream health characteristics from land use data, however the variables used were 

not part of any particular assessment valuation so the reusability for specific management 

initiatives would be limited.  It should also be noted that this study took place in South 

Africa, so the available data, as well as regional conditions, would be very different from 

those studied in the US.  Snyder et al. (2005) predicted a specific set of stream health 

rankings which were restricted to classifications of excellent, good, fair, poor and 

unknown, and which may be to vague to be effective in aiding decisions when targeting 

restoration.



15

This research will test the hypothesis that statistical models can be developed to 

predict specific stream assessment rankings from GIS-based data that can be reused on a 

regular basis to support management strategies for stream health restoration. This study 

will evaluate a set of variables found in GIS-based data sets or that can be generated in 

GIS using hydrological modeling applications. Because landscape metrics have been 

correlated to stream habitat conditions at both the catchment and riparian levels (Gergel 

et al., 2002), variables will include land use characteristics for the immediate drainage 

area as well as the collective upstream areas for each assessment location. This data will 

be compared to SVAP data that was collected in the field, and regression analysis will be 

used to create statistical models that will be tested to predict SVAP scores from another 

watershed.  If the SVAP data can be reasonably predicted by the models, this research 

will demonstrate that preliminary stream conditions can be assessed using GIS analysis of 

watershed characteristics and can streamline the preliminary stream assessment process. 
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METHODS

Study Area 

 The area selected for this study was the 238 square mile Watershed Management 

Area 3 (WMA3) in New Jersey. WMA3 is part of the Passaic River Basin, which spans 

northern New Jersey and parts of New York.  Approximately 80 percent of WMA3 is in 

the Highlands Physiographic Province.  The watershed consists of 58% forest, 25% urban 

and 17% water and wetlands based on 2002 NJDEP Land Use/Land Cover data. The 

population of WMA3 is over 244,000 residents, according to 2000 Census data. 

WMA3 consists of four watersheds: Pequannock, Pompton, Ramapo and 

Wanaque (Figure 1).  For this study, the 48 square mile Ramapo watershed was evaluated 

to obtain the data to build the statistical models. The Wanaque watershed, which is 79 

square miles, was used for the data to validate the models.   The Ramapo watershed is 

44% forest which makes up most of the land to the west of the Ramapo River, 40% 

urban, generally found to the east of the river, and 11% water and wetlands.  The 

Wanaque watershed is mostly undeveloped with 70% forest land, 14% urban and 15% 

water and wetlands. Both rivers feed into the Pompton River with drainage areas 

extending into New York. 

Assessment Data Collection 

 Assessment data were collected by the Rutgers Cooperative Research & 

Extension Water Resources Program and TRC Omni Environmental Corporation as part 

of an overall restoration plan for WMA3. Streams were assessed using the SVAP 

between March 2002 and September 2002.  These assessments are performed by visually 

studying segments of the stream and rating up to 15 riparian separate elements by 
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assigning them a numerical rating. The number of elements evaluated may vary as not all 

are applicable at each assessment site. The individual elements are averaged for a total 

assessment score to prioritize further action. Low scores indicate impacted conditions and 

high scores generally represent a healthy stream; the numerical definition of low and high 

may vary based on location and study goals (NRCS 1998).  

SVAP scores were determined for 69 reaches in the Ramapo watershed and 81 

reaches in the Wanaque watershed.  Physical stream elements were rated from 1-10, and 

the scores of each element were averaged for an overall score for the site. GPS 

coordinates were taken for each SVAP location which allowed the data to be imported 

into ArcGIS as point locations in a shape file for spatial GIS analysis.  

Individual elements that were assessed were bank stability, barriers to fish 

movement, canopy cover, channel condition, hydrologic alteration, instream fish cover, 

invertebrate habitat, nutrient enrichment, presence of pools, riffle embeddedness, riparian 

zone and water appearance. Manure presence was not evaluated as the watershed is less 

than 1% agricultural and no known livestock use occurs near the streams.  Salinity was 

also not applicable as the streams in WMA3 are freshwater.  Macroinveterbrate data were 

not collected as part of this study. Some of the sites did not assess all of the elements 

based on applicability at each site. For instance, riffle embeddedness is only measured if 

riffles are present, and canopy cover is not evaluated if the active reach width is greater 

than 50 feet. Table 1 shows the number of reaches evaluated for each element. 

Digital Data Collection 

 The Ramapo watershed was delineated using the EPA’s Better Assessment 

Science Integrating point and Nonpoint Sources (BASINS) software system, with ESRI’s 
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ArcView 3.3, in order to determine the subbasin area that drains to each SVAP point.  

Digital elevation models (DEMs) and stream network data were obtained from the 

NJDEP for the NJ portion (NJDEP Web site, 2007) and from the New York State 

Department of Conservation (NYSDC) for the NY portion (CUGIR Web site, 2007). The 

Ramapo SVAP points were used as the outlets to generate 69 separate drainage basins 

(Figure 2).  The following data were generated for each basin: area, cumulative area (sum 

of upstream basin area), reach length, reach width, reach depth and basin slope.  Because 

assessments are limited by access to the stream, the SVAP data points were not evenly 

dispersed throughout the watershed and drainage areas ranged from 0.1 hectares to 831 

hectares.

The drainage basins were overlain with land use and land cover information 

(NJDEP 2002 Land Use/Land Cover for NJ, NJDEP Web site, 2007; and USGS 1990 

Land Use/Land Cover for NY, CUGIR Web site, 2007) to determine land use type using 

Anderson Level I classifications (NJDEP, 2007), as well as impervious surface areas, for 

each drainage basin. Calculated land use variables include forest area, urban area, 

wetland/water area, percent forest, percent urban, percent wetland/water, impervious 

surface area, and percent impervious surface. Agriculture and barren land data were not 

used in the analysis as they make up less than 1% of the study area.  A STATSGO soils 

data layer included in BASINS was used to obtain the drainage basin hydrologic soil 

group and erodibility factor.  In order to use them in statistical analysis, hydrologic soil 

group letters were converted to numbers, where A = 1, B = 2, C = 3 and D = 4.  The land 

use and soils data were spatially intersected, and SCS curve numbers were calculated for 

each basin based on Anderson Level II classifications and the dominant hydrologic soil 
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group for each basin.  Composite variables for the entire drainage area for each basin 

were also included by calculating the total upstream area in the watershed that drains into 

each lower basin. A total of 26 basin characteristics were determined. Table 2 shows the 

variables with their sources. 

Statistical Analysis 

Principal Component Analysis

 Principal component analysis (PCA) was used to determine if any similarities 

exist between the basins that would affect the ability to predict stream conditions. PCA is 

a statistical method that transforms variables into a new set of components, the first of 

which explains the most variance in the data with each successive component explaining 

a smaller portion of the remaining variability (Kim et al., 2006).  A scatter plot of the first 

two components can visually show groupings between the data (Burns et al., 1997).   

These clusters can indicate similar traits between variables that can be useful in data 

analysis. 

The Ramapo data for each subbasin were imported into the SAS statistical 

software application for PCA analysis.  The results showed that the first component 

accounted for 66.25% of the variance and the second component accounted for 26.03%.  

The first two components were graphed on a scatter plot, with the first component on the 

x axis and the second component on the y axis. The plotted results showed two clear 

groupings, with 7 points scattered outside of these clusters. Analysis of the clusters 

revealed that one set of points consisted of basins that were primarily comprised of urban 

land use (% urban > 28) and the second cluster consisted of basins primarily comprised 

of forest land use (% forest > 50).  Points not found within either cluster were either 
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comprised of a greater water/wetland area (%water/wetland > 20) or were significantly 

small (less than 0.01% of watershed area).  Figure 3 shows the results of the PCA plot.   

The groupings indicated that similar traits may exist between basins with the same 

predominant land use.  As a result, the basins were also split into two data sets to create 

separate regression models based on predominant land use type: basins with greater than 

50% forest (n = 31) and the basins with greater than 28% urban (n = 31). The seven 

outliers from the PCA analysis were excluded from these models. 

Regression Analysis

Multiple linear regression analysis was used to develop models to predict SVAP 

scores from watershed characteristics. The models have the general form: 

Yi = 0 + 1X1 + 2X2 +…+ p-1Xp-1 + i   (1)

where Yi are the SVAP scores, 0 is the y-intercept, 1, ….., p-1 are the regression 

coefficients of the p explanatory variables, X1, ….., Xp-1 are the values of the p explanatory 

variables, and i is the error that is unexplained by the model (SAS Institute, 2003; 

Norton et al., 2002).  Using SAS, the SVAP score was entered as the dependant variable, 

and the watershed characteristics were entered as independent variables. Because the 

number of independent variables cannot exceed the number of observations, or basins 

with SVAP data, some of the models were built without including all of the watershed 

characteristics. For those models, different combinations of basin characteristics were 

tried until the best fit was found.  Backward elimination determined the best set of 

predictor variables, including only variables that were significant at  = 0.05.  If no 

predictor variables were found to be significant at  = 0.05, a significance level of  = 

0.10 was used instead.
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Initial model runs using the Wanaque data resulted in predictions of abnormally 

large positive and negative SVAP scores, far outside the range of 1 to 10.  This could be a 

result of the fact that some of the predictor variables were in units with a broad range of 

areas and lengths.  For instance, the Ramapo drainage areas ranged from 2 to 831 

hectares, and the cumulative drainage areas ranged from 31 to 12234 hectares.  The 

Wanaque drainage areas ranged from 0.05 to 6363 hectares, with cumulative drainage 

areas ranging from 18 to 19984 hectares.  To normalize the disparity in variables the units 

were converted to percentages. 

The drainage basin area and cumulative area variables were converted to 

percentages of the watershed area, and the reach length and cumulative length variables 

were converted to percentages of the total stream length in the watershed. Other area-

based variables (impervious surface area, composite surface area, forest area, urban area 

and water/wetland area) were removed because percentage variables already existed for 

these factors.  The data were recalculated for both the Ramapo and Wanaque watersheds. 

Principal component analysis was conducted on the new Ramapo variable 

calculations to see if any changes occurred. While the groupings were less distinct in the 

new analysis, there was still a separation between the more forested drainage areas and 

those with more urban area (Figure 4). The new data were divided based on this new 

analysis, with one set for % Forest > 41 (n = 37) and one set for % Urban > 43 (n = 35). 

Because the area data were normalized, there were no outliers due to drainage area size.  

In addition, because the results were not clearly clustered the new analysis did not isolate 

the basins with higher wetland area.  As a result, all drainage basins are included in the 
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new analysis.  Since there was less of a distinction between the forested and urbanized 

basins, four basins were included in both the Forest and Urban analyses. 

Model Prediction Ability

 Drainage basins were delineated for 81 SVAP data points in the Wanaque 

watershed (Figure 5), and watershed characteristics were determined using the same 

methods as with the Ramapo data. These results were used to run the regression models 

to determine whether they can predict the data for another watershed.

 The Nash-Sutcliffe model efficiency coefficient was used to assess the ability of 

the model to predict SVAP scores.  The model predictions and SVAP scores from the 

Wanaque watershed were compared using the Nash-Sutcliff equation: 

     

(2)

where Oi is the observed SVAP score, Pi is the score predicted by the model, and  is the 

mean observed SVAP score (Krause et al., 2005).  Efficiencies can range from 1 to - .

An efficiency of E = 1 represents a prediction that perfectly matches the observed data. 

An efficiency of E = 0 signifies that the predictions are as accurate as the mean of the 

SVAP scores. Efficiencies less than zero indicate that the mean of the observations would 

be a better predictor than the model.  Observed versus predicted results were plotted for 

each model and a 1:1 line was applied to represent an efficiency of E = 1. 
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RESULTS

Ramapo Regression Analysis 

 Regression models were created for each SVAP element as well as the score 

averaged from the categories, and all models were significant at  = 0.05.  The coefficient 

of determination (R2) for these models ranged from 0.16 to 0.93.  Regression models 

were also created for the data that were split into two sets based on the PCA results.  The 

R-squared results for these 39 regression models are shown in Table 3, where n is the 

number of observations based on the number of assessments conducted.  Statistical 

models were created using the coefficients derived from the regression analysis. A list of 

the regression model equations is found in Table 4. 

Model Prediction Ability 

 Data from the Wanaque watershed were inserted into the regression models to 

determine whether they can predict SVAP scores in another watershed.  As with the 

Ramapo data, these were arranged into three sets: all basins, greater than 50% forest, and 

greater than 28% urban.  Because the Wanaque watershed is more forested than the 

Ramapo watershed (70% vs. 44% respectively), there were more than double the number 

of basins used in the Forest equations (maximum of n = 62) than in the Urban equations 

(maximum of n = 23), however some of the basins are included in both sets of models 

because they have large percentages of both forest and urban land. 

Due to the abnormally large values predicted from the original regression models, 

new regression analysis was conducted using the normalized Ramapo variables to 

generate a new set of prediction models.  All but five of the models were significant at 

= 0.05. Three of those were significant at  = 0.10 and the regression analysis did not 
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result in any significant coefficients for the Riffle Embeddedness scores for all basins and 

basins > 28% urban.  The new R-squared values are shown in Table 5 and the model 

equations are shown in Table 6.

The revised Wanaque data were inserted into the new regression models. While 

these results were less erratic than the models that were run before the data were 

normalized, there were still some models that resulted in predictions outside the range of 

SVAP scores from 1 to 10.  A Nash-Sutcliffe model efficiency coefficient (E) was 

calculated for the predicted and observed SVAP scores.  The results are shown in Table 

7. All E values are less than zero, indicating that the models were unable to predict the 

SVAP scores more accurately than the mean of the observed SVAP scores. The observed 

versus predicted plots can be found in Figure 6. Models with E values less than -3 were 

not included in the graphical analysis, eliminating most of the models with results that 

predicted results outside of the scoring range of 1 to 10.
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DISCUSSION 

The negative efficiency results show that the regression models were not 

successful in predicting the SVAP scores. Two of the regression models did not have any 

significant predictor variables and 22 models predicted results outside of the SVAP score 

range of 1-10.  The models that included all basins were better at predicting the scores, 

with most E values between 0 and -2, two at about -7 and one low efficiency value of -

127.  The forest and urban datasets on the other hand each had several E values that were 

lower than -100. 

  The scatter plots for most of the models indicate that they tend to under-predict 

the high SVAP scores and over-predict the low scores.  For instance, if we look at the 

model with the highest E value and use it to target for assessment only the areas with 

predicted scores of 6.0 or lower, our assessment would neglect four locations with lower 

actual scores of 4.5, 5.5 and 6.0 (see Figure 7). Increasing the predicted score to 8.0 to 

account for over-estimated predictions would result in the assessments of all locations, 

even those with scores up to 10.0. When predicting stream health conditions from a 

model, some under-prediction is acceptable because the main drawback would be that 

some sites might be assessed with favorable conditions. Although resources would be 

expended unnecessarily, there would still be fewer resources spent than if all sites were 

investigated as if there was no model used.  However, the drawback from over-prediction 

is much more substantial, because the result would be that sites that are impacted would 

not be studied.  If impaired sites are neglected, not only would potential sources of 

impairment be ignored, but resources could also be wasted in areas that may not be the 
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primary source of stress.  To avoid these consequences, more accurate predictions would 

be needed before these models could be useful in reducing SVAP assessments. 

 Several factors were considered in an effort to determine why the models were 

not effective in predicting accurate SVAP scores.  In a study by Peterson & Urquhart 

(2006), regression model testing indicated that data from some geographical areas fit the 

model better than others, suggesting that regional differences could affect the reusability. 

However their model was tested across the entire state of Maryland. The Wanaque 

watershed is adjacent to the Ramapo watershed and similar in physical characteristics, so 

there should be limited geographical differences that would influence the ability to 

predict assessment scores.  

In general, the models that were created using more observations predicted better 

than those that were derived using a smaller sample size.  For instance, the models 

created using all of the basins (n = 69) were more accurate at predicting SVAP scores 

than those using only forest basins (n = 37) or those using only urban basins (n = 35).  

The SVAP elements that had data for every basin (Average Score, Bank Stability, 

Channel Condition, Riparian Zone) also predicted better than those with fewer 

observations (Instream Fish Cover, Invertebrate Habitat, Nutrient Enrichment, Riffle 

Embeddedness), which in most cases was contrary to the high R2 results in the regression 

models (see Tables 3 & 5).  This could be the result of overfitting the model, where the 

sample size is too small in relation to the amount of predictor variables, resulting in a 

model that gives overly optimistic model results yet fails to replicate results with other 

datasets (Babyack, 2004).  According to Babyack, an accurate model requires a minimum 

of 10 observations per predictor variables, which in this study would require 210 
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observations.  However, the Ramapo dataset only contained a maximum of 69 

observations and in some cases the input variables had to be reduced so as to not exceed 

the number of observations.  This inverse relationship between numbers of observations 

and model R-squared values is shown in Figure 8.  This overfitting could explain why 

some of the model R2 results were so high, especially for the smaller datasets, and why 

these models were much less successful in predicting the SVAP scores with the test data. 

The optimistically high regression model R2 results could also be due to the 

intercorrelation between some of the variables (Richards, 1931).  According to Richards, 

if the intercorrelation between independent variables is high, for instance if they consist 

of factors that add up to greater than 95 percent, they will result in unusually high 

coefficients. As a result, the outputs of the model could vary much more than if only one 

of the intercorrelated variables were used.  The Ramapo and Wanaque land use data 

calculated for the analysis includes percentages forest, urban and water/wetland that in 

most subbasins add up to 100 percent. The redundant inclusion of all three of these 

variables in the analysis may be a cause of the inability to generate models that can 

successfully predict new data.   

To establish whether the models represented a reliable relationship between the 

SVAP data and the predicted variables, regression analysis was also performed on the  

Wanaque dataset (n = 81), as well as a combination of the Ramapo and Wanaque data (n 

= 150) for the Average SVAP Score data.  If the Ramapo data is representative of the 

larger watershed, the same predictor variables should consistently appear in the other 

models. In Norton et al. (2002), regression models were created to predict physical and 

chemical conditions from macroinvertebrate habitat. Regression models were built from a 
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complete data set (n = 179) but in order to test the data a separate set of regression 

models were created out of a random subset of the data (n = 143) with the remaining data 

used to test the models (n = 36).  These models were not published, however the authors 

state that the results between the two sets of models were similar.  For the Ramapo model 

the predictor variables were: composite width, composite depth, and percent forest. The 

Wanaque model also included percent forest as a predictor, but no others were selected.  

The model for the combined Ramapo and Wanaque dataset selected percent area and 

percent urban as significant predictor variables.  Because each model produced different 

sets of predictor variables, the validity of these models as accurate predictors is 

questionable.

Few studies that attempt to create statistical models to predict stream conditions 

provide any validation that the model is able to successfully predict other data samples. 

Amis et al. (2007) developed a statistical model that predicted 79% of the variance in 

stream health conditions based on watershed characteristics from only 22 basins. Their 

test model also compared the predictions with the same observations used to create the 

data models, so it is difficult to know whether their model would be successful with 

another set of data.  Snyder et al. (2005) also created a regression model to predict stream 

health rankings but did not test the model on another dataset.  However, they explained 

the model variance using an adjusted R2 value, which estimates how well the model 

would predict a new set of data (Babyak, 2004).  Their model explained the variation in 

the predicted rankings 35% of the time, with impervious surface area accounting for 33% 

of the variation.
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Although Kokes et al. (2006) developed modeling software with variables that 

explain 85% of the variation in macroinvertebrate assemblages, they do not produce any 

test results, although they do state that the model has been in use since 2001.  Other 

studies using regression analysis to predict macroinvertebrate populations from other 

stream and watershed characteristics have generally not attempted to develop a reusable 

equation to predict other populations.  Kennen (1999) also created regression equations to 

predict macroinvertebrate community impairment from land use and water quality data, 

but only to establish relationships between the data and not to reproduce results on other 

data sets.  Rogers et al. (2002) created a regression model that explained 49% of the 

variance in biological conditions but only with the goal of showing the combined effects 

of physical and chemical data, and not to reproduce the prediction results. 

Studies focusing on predicting water quality data using regression analysis tend to 

include more support for reusability, but with varying results.  Zampella et al. (2007) 

developed a model from 25 sample sites using data for “altered” land use, or % urban and 

% agriculture, and the model explained 80% of the variability of water quality data.  

They tested the model using sample data from 18 other sites, and found no significant 

change (  = 0.05) between the observed and predicted data except for the pH values, 

which were generally predicted higher than the observed values.  Peterson & Urquhart 

(2006) created a regression model that explained 72% of the variation in DOC 

concentrations from percent water, wetland vegetation, rock type and temperature. They 

tested the model by generating 3083 predictions for the entire state of Maryland and 

analyzing the distribution of the results. They found that the model seemed to under-

predict the DOC, as 90% of the predictions were low according to Maryland Department 
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of Natural Resources standards, and it should be used as a conservative estimate rather 

than a predictor of absolute results.  Santos-Roman et al. (2003) analyzed water quality 

data using regression analysis, however the model equations only calculate scores that 

classify the watersheds into land-use based water quality categories from the cluster 

analysis, and do not actually predict any specific conditions.

Despite the fact that several studies have attempted to create statistical models to 

predict stream health conditions, few have been able to accomplish more than 

establishing relationships between different types of characteristics.  Although the 

Ramapo regression models did not successfully predict the Wanaque SVAP scores, the 

models were evaluated to see which variables contributed the most variance in SVAP 

score by reviewing the partial R2 generated in SAS.  For instance, the Average Score 

model for all basins explained 39% of the variation in SVAP scores, and 25% was 

explained by the composite reach width parameter. Composite reach depth and percent 

forest, the other significant variables in the model, explained only 6% and 8% of the 

variance respectively.  Other variables that contributed to more than half of the variance 

of scores for all basins were cumulative area for Barriers to Fish Movement (34%), 

erodability for both Instream Fish Cover (33.5%) and Pools (20.4%), and cumulative 

reach length for Water Appearance (39.2%).  For the models where Forest > 41%, 

composite percent impervious surface contributed to more than half of the variation in the 

Average Score (32.2%) and Water Appearance (36.6%) models. In the regression models 

with Urban > 43%, cumulative reach length contributed to most of the variation in the 

Water Appearance model (42%).   
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Other studies have identified similar parameters that can be used as indicators of 

stream health. Sawyer et al. (2004) also found reach width and subbasin area to be related 

to stream health in their study of macroinvertebrate composition.  Snyder et al. (2005) 

established percent impervious surface as a significant variable in predicting stream 

health rankings, and in studies by Cianfrani et al. (2006) and Ourso & Frenzel (2003), 

impervious surface was correlated strongly with stream habitat conditions.   

Although the models were not able to predict specific SVAP scores, the variables 

that were selected in the regression analysis reflect a logical relationship with the stream 

conditions that were assessed.  Considering the models with the two highest efficiencies, 

bank stability and riparian zone, we can determine a relationship between the parameters 

included in the model and the SVAP element (Table 6a).  The predicted bank stability 

score would be negatively influenced by an increase in percent urban area, supporting the 

fact that an increase in urban land can cause an increase in runoff entering the stream 

which can lead to bank erosion (Corbett, 1997). The predicted riparian zone score is 

positively related to percent forest, which considers that the reduction of forest land can 

include the area adjacent to the stream.  This demonstrates that the relationship of the 

variables in the models can be used as general indicators of stream conditions which 

could aid in the prioritization of assessment locations. 
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CONCLUSION 

 Although the regression models appeared to explain a high amount of the 

variability in the SVAP scores, they were not successful in predicting scores from another 

data set.  Some SVAP elements were predicted more accurately than others, but the high 

R-squared results could be a result of overfitting the models due to small dataset sizes.  

Few studies have been able to create models that can successfully predict stream health 

conditions on new sets of data, however many use model results as general indicators of 

stream health. While this would not allow the elimination stream health assessments, it 

can help in setting priorities of which sites to evaluate first. 

Recommendations for Future Study 

 Future study should include increasing the data set size to prevent overfitting of 

the model.  The goal of maintaining a 10 to 1 ratio between observations and predictor 

variables was recommended by Babyak (2004) so evaluating the predictive strength of 21 

watershed characteristics would require at least 210 sample sites for regression analysis, 

plus additional sites to test whether the model can predict other datasets.  However, 

breaking up the sites into smaller categories, such as high percent forest and high percent 

urban, would require an even greater initial sample size. 

Further analysis should also be conducted in geographically different areas, such 

as a region with dominant agriculture use, to determine if the results would improve 

based on those conditions.  Since no significant agricultural areas were in the study area 

for this research, the effect of agricultural land use on stream assessments could not be 

determined.  The presence of agriculture can dramatically affect several of the SVAP 

scores, such as nutrient enrichment due to the presence of excess phosphorus, riffle 
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embeddedness due to an increase in sediment from erosion and runoff, and riparian zone 

due to a lack of riparian vegetation around the stream banks.  The SVAP was originally 

intended to be used in agricultural areas (USDA, 1998) so additional study can determine 

whether better predictions can be produced under these conditions. 
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SVAP Element 
Number of Sites 

Evaluated
Bank Stability 69
Barriers to Fish Movement 43
Canopy Cover 45
Channel Condition 69
Hydrologic Alteration 62
Instream Fish Cover 39
Invertebrate Habitat 24
Nutrient Enrichment 41
Pools 52
Riffle Embeddedness 25
Riparian Zone 69
Water Appearance 68

Table 1.   SVAP elements measured in the Ramapo watershed. 
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Variable Source
Drainage basin Area BASINS delineation results 
Cumulative Area BASINS delineation results 
Reach Length BASINS delineation results 
Cumulative Reach Length Sum of upstream reach lengths 
Reach Width BASINS delineation results 
Composite Reach Width Length-weighted average of upstream reach widths 
Reach Depth BASINS delineation results 
Composite Reach Depth Length-weighted average of reach upstream depths 
Curve Number SCS Curve Number table (from USDA TR-55) using hydrologic 

soil group from soils layer and Anderson Level II classifications 
from NJDEP and NYSDC land use/land cover data. Results were 
area-weighted and summed for each drainage basin. 

Composite Curve Number Area-weighted sum of upstream curve numbers 
Erodibility Factor EPA STATSGO soils layer data 
Composite Erodibility Area-weighted sum of erodibility factor 
% Impervious Surface NJDEP and NYSDC land use/land cover data 
Composite % Impervious 
Surface

Composite impervious surface area divided by total cumulative 
area

Impervious Surface Area NJDEP and NYSDC land use/land cover data 
Composite Impervious Surface 
Area

EPA

Hydrologic soil group From STATSGO soils component layer data, converted to 
numbers 1-4 and area weighted for each drainage basin 

Composite Hydrogroup Sum of area-weighted hydrologic soil group numbers 
Slope BASINS delineation results 
Composite Slope Area weighted average of slope 
Forest Area NJDEP and NYSDC land use/land cover data 
Urban Area NJDEP and NYSDC land use/land cover data
Water/Wetland Area NJDEP and NYSDC land use/land cover data
% Forest Forest Area divided by Basin Area 
% Urban Urban Area divided by Basin Area 
% Water/Wetland Water/Wetland Area divided by Basin Area 

Table 2. Predictor variables measured in the regression models and how they were 
obtained for analysis. 
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All Basins % Forest > 50 % Urban > 28 
n R2 n R2 n R2

SVAP Average Score 69 0.5847 31 0.9513 31 0.6877
SVAP Bank Stability 69 0.1612 31 0.8434 31 0.6569
SVAP Barriers to Fish 43 0.6144 20 0.9957 17 0.9155
SVAP Canopy Cover 45 0.3138 19 0.9999 20 0.9999
SVAP Channel Condition 69 0.2851 31 0.9350 31 0.9293
SVAP Hydrologic Alteration 62 0.4692 29 0.9973 15 0.9940
SVAP Instream Fish Cover 39 0.9282 19 0.9977 28 0.9999
SVAP Invertebrate Habitat 24 0.8715 11 0.9999 9 0.9802
SVAP Nutrient Enrichment 25 0.6944 15 0.9723 19 0.9781
SVAP Pools 52 0.8847 27 0.8199 19 0.9999
SVAP Riffle Embeddedness 25 0.8871 13 0.8933 10 0.9999
SVAP Riparian Zone 69 0.2969 31 0.2503 31 0.7012
SVAP Water Appearance 68 0.5362 30 0.9736 31 0.3307
All models are significant at  = 0.05.

Table 3. R-squared values for the regression models developed using the Ramapo 
data before it was normalized. 
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All Basins % Forest > 41 % Urban > 43 
n R2 n R2 n R2

SVAP Average Score 69 0.3926 37 0.4219 35 0.5219
SVAP Bank Stability 69 0.1704 37 0.6194 25 0.3707
SVAP Barriers to Fish 43 0.4883 26 0.9712 21 0.9999

SVAP Canopy Cover 45 0.3213 24
0.9273

(  = 0.10) 23 0.9320
SVAP Channel Condition 69 0.3390 37 0.5019 35 0.3718

SVAP Hydrologic Alteration 62 0.2293 34
0.6463

(  = 0.10) 30 0.6114
SVAP Instream Fish Cover 39 0.6423 21 0.9998 19 0.9999
SVAP Invertebrate Habitat 24 0.8490 13 0.9999 21 0.9427
SVAP Nutrient Enrichment 25 0.8201 20 0.9992 23 0.9751
SVAP Pools 52 0.4133 32 0.1811 22 0.9991
SVAP Riffle Embeddedness 25 N/A 16 0.9982 10 N/A

SVAP Riparian Zone 69 0.2382 37
0.1916

(  = 0.10) 35 0.5894
SVAP Water Appearance 68 0.5557 36 0.5316 35 0.5540
All models are significant at  = 0.05 unless indicated otherwise. Items marked N/A did not have any 
significant coefficients remaining in the model. 

Table 5. R-squared values for the regression models developed using the Ramapo 
data after the unit-based variables were normalized as percentages. 
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All Basins % Forest > 41 % Urban > 43
E E E

SVAP Average Score -0.309 -1.707 -0.601
SVAP Bank Stability -0.206 -2.566 -0.931
SVAP Barriers to Fish -0.208 -77.499 -90.841 
SVAP Canopy Cover -0.270 -116.296 -76874.606 
SVAP Channel Condition -0.458 -0.791 -0.457
SVAP Hydrologic Alteration -0.388 -1.984 -1.114
SVAP Instream Fish Cover -0.704 -935.117 -12.865 
SVAP Invertebrate Habitat -127.213 -6102.408 -18.889 
SVAP Nutrient Enrichment -6.995 -17766.772 -74.913 
SVAP Pools -6.955 -4.173 -163.967 
SVAP Riffle Embeddedness N/A -718.303 NA
SVAP Riparian Zone -0.081 -1.391 -1.616
SVAP Water Appearance -1.467 -1.879 -1.403
Items with N/A did not have models. 

Table 7. Nash-Sutcliffe model efficiency coefficient (E) for observed vs. 
predicted SVAP scores. A negative E value signifies that the mean SVAP 

score is better at predicting SVAP scores than the model. 
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Figure 1.  Location of Watershed Management Area (WMA) 3
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Figure 2.  Map of Ramapo watershed and drainage area for each SVAP location. 
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Figure 3. Principal Component Analysis: Ramapo subbasins before unit-based data 
were normalized as percentages. Results revealed subbasin clusters based on 

percentage of land use. 

49



-0.3

0

0.3

-0.2 0 0.2

Component 1

C
om

po
ne

nt
 2

% Forest > 41% 

% Urban > 43% 

Figure 4. Principal Component Analysis:  Ramapo subbasins after unit-based data 
were normalized as percentages.  Subbasin clusters based on percentage of land use 

were still apparent. 
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Figure 5.  Map of Wanaque watershed and drainage area to each SVAP location. 
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