
Regional scale: expanding area 
improves results -

 

within limits
We increased our sample size by cumulatively adding coastal NAWQA 
study units to the  regression, proceeding southward. As study units were 
added the number of significant variables increased, and R2

 

stayed roughly 
the same, up to a point. After ALBE, the number of significant variables and 
the R2

 

decreased. A separate set of regressions which included the near-

 

coastal POTO (Potomac) study unit showed a decline in results once POTO 
was included. It is possible that the decline in significant variables at SANT 
may be associated with the upland headwaters of SANT, which have

 

similarities with POTO. As an additional test, we derived a set of 
coefficients for all six NAWQA categories for 360 national sampling sites. 
The coefficients for Urban, Crop, and Pasture were near the values found for 
ALBE.
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Introduction

The National Ocean Service’s Coastal Services Center has published the 
Non-Point Source Pollution and Erosion Control Tool (N-SPECT)4, an 
extension of ArcGIS, as a screening tool to estimate the water pollution 
and sediment impacts from changes in land use /land cover. N-SPECT 
uses pollutant export coefficients (PECs) to quantify the relationship 
between land use/land cover and pollutant amounts. It is capable

 

of 
estimating the change in pollutant amount in response to a change in land 
use/land cover; “what if”

 

scenarios can be conducted by altering the land 
use GIS layer.  N-SPECT provides a default set of PECs

 

derived from 
studies of various regions. However, N-SPECT users need a method to 
derive locally-relevant coefficients in order to calibrate the model for a 
given watershed and increase its value to coastal managers. The National 
Estuarine Research Reserve System (NERRS) seeks to use this model to 
test impacts from various scenarios of land use/land cover change.

This study addresses two questions related to development of these local 
export coefficients:

Is there an accessible method which N-SPECT users can 
employ to develop local pollution export coefficients?
Linear regression methods are relatively simple and can be performed 
using most common statistical applications.

Can these coefficients be developed on a regional scale?
A regional scale increases the sample size and improves results, within 
limits.

Due to time constaints, this study tested these questions in a limited area 
of the Northeastern US.

Study Area

The Great Bay, New Hampshire NERR was selected as a 
development area, because of the availability of data and the 
estuary’s relative isolation from external hydrologic influences. 
Coastal Change Analysis Program (C-CAP) land use/land cover 
data were obtained for the Great Bay watershed and surrounding 
area. To facilitate analysis, these data were simplified to 
equivalent Anderson Level 1 categories using a GIS 
reclassification tool.  

Water Quality Data for 
Developing Coefficients
Required 
-

 

A sufficiently large set of water quality (WQ) data from which a 
mean concentration of the subject pollutant can be calculated. 
-

 

Associated data on stream flow during base flow and storm 
events and the distribution of land uses in the area which drains to 
the sampling point. 
-

 

Nationally consistent protocols, methods, and quality control 
standards for water quality sample collection and analysis. 
National consistency in standards will facilitate future 
comparisons between NERRs.
Available 
Many online databases such as NWIS (US Geological Survey) 
and STORET ( US Environmental Protection Agency) contain 
large amounts of information on discrete water quality samples 
taken at a given site. These databases contain “raw”

 

information, 
which must then be associated with runoff events and land 
use/land cover distributions in order to develop PECs.
The USGS National Water Quality Assessment (NAWQA)

 

program has published a summary3

 

of an intensive study of 
nutrients in 51 basins nationwide. This summary reports annual 
mean flow, concentration, load and yield for several species of 
nitrogen and phosphorus, along with land use distribution, 
associated sources of nutrients, and other ancillary data, for nearly 
500 locations. Each sampling site for which data is reported 
represents multiple discrete WQ samples. The NAWQA summary 
data facilitate rapid development of PECs, since runoff, flow, and 
land use data are provided with annual mean nutrient data.

Statistical Methods

Export coefficients were developed using a simple multiple linear 
regression model. The predictors are the proportion of each land

 

use 
category; stream water concentration of total nitrogen ([TN]) is

 

the 
outcome variable. The y intercept was set to zero on the principle 
that zero land area should yield zero TN.

Eq. 1

 

[TN] = 1

 

A1

 

+ 2

 

A2

 

+ …

 

+ n

 

An

Where [TN] = total nitrogen concentration, A is the fraction of land 
category in the sampled watershed, and 

 

is the export coefficient for 
that land category. 

The goal was to develop a simple method to estimate export  
coefficients for use in N-SPECT, not to provide a robust predictive 
model. Therefore, no attempt was made to normalize the data. 
Overall fit of the equation and number of significant variables were 
used to judge the success of the equation. The NAWQA summary 
employs six land use categories. Only five categories are considered 
here, since the Range category is unrepresented on the East Coast. In 
many cases, the Forest variable was small and statistically 
insignificant in many cases. A small coefficient for Forest makes 
physical sense in that this category will likely contribute little 
nitrogen; therefore, when Forest was small and not significant that 
coefficient was included in testing. In some instances, Forest was 
found to be negative, indicating that Forest may be removing 
nitrogen. In those cases, zero was substituted, since N-SPECT does 
not accept negative coefficients.
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Does this method generate useable 
coefficients?

With a sufficient sample size, and with the y intercept set to zero, the 
regression model produced coefficients which are well within the

 

ranges 
published in the literature. An examination of 27 Northeastern sampling 
sites was conducted, with large and nested watersheds. In addition, the 
watersheds for these 27 sites were reclassified to six Anderson Level 11

 

land categories, which are similar to C-CAP categories. Within limits, 
increasing the sample size by expanding the spatial extent of the 
sampled area improved the R2

 

of the regression and increased the 
number of significant variables. At this sample size, there was little 
difference in performance using five NAWQA or six Level 1 land 
categories.

Although this regression value for Cropland is almost five times

 

the 
default of 2.68, the regression results are within an order of magnitude, 
and the rank order Crop>Pasture>Developed is the same. The results for 
this very small sample are thus near some accepted values, indicating 
that this method’s results are at least approximately correct. The 
regression equation should be improved and tested. Increasing the 
sample size is a first step toward this.

Discussion

Given time constraints, the study concluded with a general test of 
regression methods and an examination on the East Coast of regression 
equation performance versus spatial scale.

These results suggest that multiple linear regression methods can be 
employed by users of N-SPECT to compute local pollution export 
coefficients. Data used in multiple linear regression should be of the largest 
possible sample size and be normally distributed. The variables selected for 
the regression equation also should not be correlated with each other. Plots 
of the residuals from these regressions showed that the distribution of many 
of the variables was somewhat non-normal. Also, a correlation matrix 
showed that Forest and Urban were highly negatively correlated. Despite 
these departures from the assumptions of regression, and the small sample 
size, the coefficients obtained were generally within the range of values 
reported in the literature. One reason for this may be that the NAWQA 
summary data are particularly robust. Each data point from the summary 
represents extensive processing and quality control performed on

 

many 
discrete WQ data samples. These data points are then associated with land 
category data. The annualized mean flow for each of sampling sites is also 
derived by well-proven methods. In all cases, the WQ sample data was 
associated with flow and land cover data of the approriate

 

time span. Use 
of the NAWQA summary data precludes the necessity of estimating storm 
event related concentrations from disparate data sets, and derivation of land 
category distributions by GIS analysis, thus conserving a large portion of 
the effort  required to estimate export coefficients.

In this study we increased sample size by increasing the spatial

 

domain 
under consideration. As an additional test, we derived a set of coefficients 
for all six NAWQA categories for 360 national sampling sites. The 
coefficients for Urban, Crop, and Pasture were near the values found for 
ALBE. We encountered a limit where the expansion of the spatial domain 
eventually introduced additional variance to the regression, which we 
attribute to local diffferences

 

in the attributes of land categories. For 
example, does southern Forest process nitrogen the same as northern Forest 
? This spatial variance may be linked to latitude, climate zone,

 

physiographic province, species distributions, local land practices, or other 
factors or combinations of factors. Is the change in the regression 
relationships at SANT linked to the latitude of the study unit or the 
elevation of its headwaters? Since including POTO in the cumulative 
regression had a similar effect, the latter is suggested. It would be worth 
pursuing the expansion of spatial domain by selecting individual

 

NAWQA 
sampling sites which share geographic attributes (e.g., location

 

in low 
elevation coastal areas) rather than by the quicker method of adding 
NAWQA study units to the regression.

The sample size can also be increased by increasing the density of sampled 
points within a given area. To date, USGS has completed Cycle 1 of the 
NAWQA, but sampling of watersheds which were not included in Cycle 1 
is in progress. It is reasonable to expect that future NAWQA summaries 
will have a spatially denser set of data points, which should increase the 
accuracy and precision of these export coefficient estimates. Also, intensive 
regional studies such as the New England SPARROW (Spatially-

 

Referenced Regression On Water) model nutrient study2

 

may have 
similarly summarized data which coud

 

be incorporated.

When interpreting the results of our regressions, the assumption

 

was made 
that the regression which produced a high R2

 

and the most significant 
variables would also produce the most accurate export coefficients. This 
assumption needs to be tested.

Further Steps

The most important step is to test regression-derived export coefficients 
against independent accurate data. Are these coefficients better

 

than the 
default coefficients, or better than those derived using the national 
NAWQA summary set? Also, the coefficients for several sotail

 

extents 
should be tested, rather than the set which appears to be optimal. This 
testing should be accomplished by deploying the N-SPECT model in one or 
more watersheds which have  been extensively characterized for nitrogen 
behavior. One possibility would be to remove individual NAWQA stations 
from the regression, and run N-SPECT on these. Another possibility would 
be to compare the results of an independent study such as the New England 
SPARROW nutrient study with N-SPECT’s

 

predictions using default, 
national, and regional coefficients.

Optimization of the regression equation could also improve accuracy. The 
New England SPARROW model achieved high accuracy (R2=0.95). In this 
model, atmospheric deposition of nitrogen and municipal point sources 
were significant. Adding variables such as these to the regression should be 
tested.

Different geographic attributes used to group data for regional coefficients , 
such as physiographic province, should be tested to assess the optimal 
grouping of sampling sites for regional coefficient development.

Regression results for 27 Northeastern sites, R2=0.81

Category
NAWQA 

Coef. 
Standard 

Error
P

N-SPECT 
default

Urban 2.080 0.558 0.001 2.220

Cropland 12.936 3.387 0.001 2.680

Pasture 2.542 1.414 0.086 2.480

Forest -0.561 0.472 0.247

Other 8.412 8.093 0.310

Study 
Unit

n R2 Sig 
Vars

NECB 8 0.93 0

CONN 18 0.82 2

HDSN 27 0.81 2

LINJ 34 0.83 3

DELR 42 0.81 3

DLMV 44 0.84 4

ALBE 50 0.83 5

SANT 56 0.81 4

GAFL 63 0.73 3

Cumulative regression results 

Source: USGS

This suggests that there is an optimal extent to which the region of 
consideration can be expanded, before local differences in the 
characteristics of the land categories considered exceed the benefits of 
increasing sample size. 

Source: NOAA

http://www.csc.noaa.gov/crs/lca/northeast.html
http://www.csc.noaa.gov/crs/cwq/nspect.html


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2448.000 3168.000]
>> setpagedevice


