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Abstract 
We m e a s ~ ~ r e d  and  nodel led sedimeilt yield over two ~i io~i ths  oil five watersheds in the soutl~el-11 Appalachia~~ 

& A 

Motu~itains of North Carolina. Tliese watersheds coiltailled first and second-order streailis and are primarily 
forested, but span the developillelit gradient c o l ~ ~ i l l o ~ l  ill this region, with up to 10 pel-cent in suburban and 
transitional development and up to 27% low-iutensity agriculture. Sediment yield was iiieasured using 
autoinated pumped samplers, coiltilluous depth rneasuremetlts, and graviiiletric analysis. Sediment yield 
was predicted using WCS-SED for tlie coincident period employing fine and medium-resolutioii elevation, 
soils, and lalid use data. Mean sedililellt yield varied from 0.025 to 0.344 tlhalyr and was stroilgly related to 
the proportio~i of non-forest area in the watershed. Sediment yield was not related to road detisity within the 
watershed or in near stream areas. Predicted sediilieiit yield was several tiiiles higher than observed 
sediment yield 011 four of five watersheds, witli the most agriculh~rally developed watershed serving as the 
exception. Sedi~ilellt yield was high over tlie plausible range of USLE land use and cropping factors that 
mlderlie the sedi~lie~lt yield predictions. 

INTRODUCTION 
Sectio~i 303(b) of the Clean Water Act requires that states ideiltify water bodies that are unlikely to meet 
ambient water quality standards. The states illust also identify a Total Maxi~liuill Daily Load (TMDL) for 
each constituent pollutant, and develop a plan to ~iiaiiltai~l iill)t~ts below these values. Sediment fro111 
erosion is the 11iost co111iiio11 pollutant in illally streallis of the southeastel-11 United States. Suspended 
sediment levels above 20-30 mg/L have been shown to degrade stream biotic integrity (Walters et al., 
2001), and impairment may occur at lower concentrations. 

Models Iiiay be used to estimate sedime~it geiieration in uplands and sediment transport to streams. 
'lo\vever, illode1 accuracy, appropriate parameters, and sensitivity to input data quality IIILIS~ be detern-tined 
prior to accepting sediiileilt yield predictio~ls as a monitoring or management tool. When these models are 
spatially explicit and run in a grid-cell eiiviro~iinent, the appropriate cell size, data sources, and nlodel 
parameters must be identified. 

We report 011 a test of one widely-use sediment model, the Watershed Characterization System - Sediilleiit 
Tool (WCS-SED), developed by Tetra Tech, Inc., in cooperation with the US Eiiviroli~llelltal Protection 
Agency, Region 4. This ~llodel is representative of cell-based erosion generatio~l and tra~lsport models that 
use tlie Uiiiversal Soil Loss Equation (USLE) and derivatives (I<innell and Risse 1998, Hood et al., 2002). 
We measured suspended sediilleilt transport in five s~llall watersheds in the southern Appalachia~l 
Mountains, and compared these to sediment yield predicted with WCS-SED. We evaluated the impact of 
input data resolution by vaiyi~ig the cell size for elevatioii data, and the cell size and categorical detail for 
lalid use aiid soils data witllin each watershed. We estimated the importa~ice of stream networlc 
specification, and tlie seiisitivity of predicted sediment yield to variation in the cropping factors for each 
land use type. 

METHODS 
Stuclv \Yatershcds 
Analyses were co~lducted on five study watersheds spannliig a range of areas and land use pract~ces In the 
southern Appalacli~an Mountai~ls, USA ( F ~ g m e  1, Table 1). Tliese watersheds represented tlie c~lrrent and 
past land uses typical of many first and secoiid order streams in the southern Appalacl~ian. Watersheds were 
predominantly forested with va~ying  histories of prior agl.iculture in near stream portions, and current 
i~lcreases in road and residential development. Two watersheds (Addie Branch and Dryman Forlc) were on 



US Forest Service land and differed prilllarily in road density, two were forested with light reside~ltial 
development (Reed Mill and Watauga Creek), and one was primarily forested with  noder rate pasture 
agriculture a id  light resideiltial development. Roads were predollliila~ltly unpaved gravel, and road dells~ty 
varied within the ranges typical of the region. 

Table 1 : Characteristics of Study Watersheds 

Name Area Road density Forest Agric. 
(ha) (~ldha) (%) ?!> 

Addie Branch 574 6.54 100.0 0 

Sutton Brallch 132 14.97 72.6 26.2 

Reed Mill 440 11.12 95.8 0 

Watauga Creek 1,675 40.64 87.3 4.9 

Figure 1 : Watersheds in this study 

Spatial Data Collection 
Watershed boundaries were delineated from US Geological Survey (USGS) National Elevatioil Datasets 
(NED), 10 meter resolution, using a flowpath allalysis (Bolstad, 2005). These boimdaries were used to 
extract elevation, slope, roads, soils, stream, and land use data from developed and new sources. 
Elevation data were derived from three sources. Tell meter (NED) and 30 meter ( I  :24,000 scale quad- 
based) resolution raster data were extracted fro111 USGS sources, and slope derived using a third-order 
finite difference algorithm (Bolstad, 2005) for all study watersl~eds. A three-meter resolution DEM was 
cseated fiom digitized co~ltours of a 1:7,200 paper map produced by the US Forest Service for the D~yman 
Forlc basin. Roads were extracted froin 1 :24,000 scale USGS digital line graph data, and updated based on 



illterpretatioll of May 2003 SPOT 2.5 meter satellite images. Soils data were digitized fiom US Natrlral 
Resource Co~lservatioll Service soil survey data, both county-level (SSURGO) and statewide (STATSGO). 

Land use data were derived fro111 two sources. Moderate resolutio~l data were extracted fiolll the 1990s 
National Land Cover Dataset (NLCD, Vogellnan et al., 1998). Lalldcover was resolved illto one of 2 I 
potential classes for 30 meter cells for the entire United States based primarily on early 1990s Landsat 
satellite images, 30 meter DEMs, and US Census data. Data were extracted for each study watershed. From 
four to 10 categories were prese~lt in the watersheds. Classificatioll accuracies were above 60% for all 
watersheds, and above 86% when aggregating mahire forest classes. 

I-ligh resolution land use (UMN) data were manually interpreted from resolution-merged SPOT satellite 
illlages collected in May 2003. Panchromatic 2.5 ~lleter data were merged with 10 meter m~~ltispectral data 
using a principal co~llpolleiit transform (Pol11 and Van Generen, 1998). Land use was assigiled to NLCD 
categories. Withheld points indicate the classificatiotl accuracy above 96% when aggregating mahire forest 
classes. 

Water S a m ~ l i n g  
Flow data and water quality sa~llples were gathered with auto~llated pulllpi~lg samplers, as described in 
Riedel et al., (2004). Strean1 stage was logged on 15 minute intervals with sub~nerged pressure transducers. 
Data were checl<ed via manual gauging on a weelsly basis. Samplers collected water sa~lll~les, calibrated 
via ma~lual depth integrated sampling, under baseline collditiolls and storm flow conditioils. Samples were 
analyzed gravi~netrically to deterlllille total suspended solids (TSS) to 1.5 pm and cornbusted to determine 
ash-free dry weight (USGS, 1978). 

Field Data Analysis 
Sediment concentration data were paired with discharge data based upon sed i~~~e~l t id i sc l~arge  rating curves 
to calculate sediment transport during the calibration period. Due to hysteretic relationship between 
sediment and discharge on Addie Branch and Dryillan Fork, separate rating curves were generated for 
rising and falling limb of stonllflow hydrographs. The curves were generated using filtered data. Filtering 
was based on hycirograph regime, dQ/dt, computed as the percent difference in strea111 flow over three 
consecutive intervals; a one percent threshold for dQ/dt most consistently differentiated hydrograph regime. 
The reader is directed to Riedel, et al., (2004) for a colllplete discussion of the methods. A sulnmary of 
filtering is shown in Table 2. Cumulative sedillleilt transport was estimated for an approximate two-month 
period spanning June and July, 2003. 

Table 2: Filtering lilnits for defining l~ydrographs and sediment regi~nes 

Percent change in slope I-Iydrograph regime Sedi~nent regime 

dQ1dt > 1 Rising Limb Proportional illcrease with 
flow. 

-1 < dQ1dt < 1 Baseflow Low (<I 0 ppm) 

dQidt < - 1 Recess~on Limb Disproportional decrease with 
flow, then low (<lOppnl). 

Model Runs 
Seciiment yield was estimated through application of the WCS model, sedillleilt tool module (Tetra Tech, 
2000). WCS-SED uses the USLE to calculate surface erosioil and variable transport equatio~ls to estimate 
delive~y to water courses (Yagow 1988, Suii and McNulty 1998). Sediinent yield is assiuii~ed equal to 
delivery, thereby assuming no bank erosion or net in-stream source or sink. All niodel runs were conducted 
for the two-month sampling period, adjusti~lg period rai~lfall from annual sums based on observed relative 
rainfall intensity. 
















