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Abstract 

Carr, John David.  Master of Natural Resources Spatial Information Systems Technical 

Option.  Comparison of Headwater Stream Origin Determination Methods. 

 

 Water Quality in North Carolina is being negatively impacted by sedimentation 

pollution and nutrient loading.  Riparian Buffer Rules (RBRs) have been adopted in many 

watersheds to abate these impacts.  USGS 1:24,000 topographic maps and USDA County 

Soil Survey maps are the planning tools used to deploy RBR regulations to the regulated 

community.  Errors in the approximate depiction of streams are known to exist on the 

USGS 1:24,000 topographic maps.  Thirty-two stream origins were delineated using N.C. 

Division of Water Quality Stream Classification Method on the 514-hectare Harris 

Research Tract (HRT) located in southwest Wake County, North Carolina.  The most 

recent USGS 1:24,000 topographic map of this area approximately depicts ten streams on 

the HRT.  Geographic Information System (GIS) analysis techniques were used to extract 

stream origin predictions form Aerial Photography, Digital Raster Graphic, Digital Line 

Graphic, Digital Elevation Model, and Light Detection and Ranging (LIDAR) data for 

the Harris Research Tract.  The stream origin predictions extracted from each data layer 

were compared to the thirty-two stream origins located in the field.  Difference in 

Euclidean distance was used to evaluate how well the predicted stream origins matched 

the thirty-two stream origins located in the field.  The stream origin data generated using 

LIDAR more closely matched actual findings in the field than all other data layers tested.  

Technological advances in high resolution digital elevation data and terrain analysis 

software could potentially be used to improve the approximate depiction of streams on 

the USGS 1:24,000 topographic map. 
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Introduction 

Sedimentation pollution and nutrient loading are two major factors negatively 

impacting water quality in North Carolina (NC NPS Management Program Update, 

2002).  In response to this poor state of water quality, the North Carolina Environmental 

Management Commission (NCEMC), via its regulatory authority, adopted a package of 

riparian buffer rules (RBRs) for the Neuse River basin in July of 1997.  The rules are 

intended to reduce the nutrient load delivered to streams by 30% and control non-point 

source (NPS) pollution.  To achieve these goals, riparian buffers along streams and lakes 

are required (15A NCAC 02B .0233, 1998).  Since that time, similar RBRs have been 

adopted for the Tar-Pamlico and Catawba River basins.  Riparian buffer rules also apply 

in many areas where a basin wide rule is not currently in effect.  Examples of where non-

basin wide rules apply are local municipalities that adopt their own buffer rules, water 

supply waters, high quality waters, outstanding resource waters, and trout waters.             

By convention, streams are classified into three categories: perennial, intermittent, 

and ephemeral.  The RBRs require fifty-foot riparian buffers be maintained along all 

perennial and intermittent streams.  The buffer should also extend fifty feet up catchment 

from a point where the channel is determined to no longer be a minimally functioning 

intermittent or perennial stream.  Locating a point of change can be difficult given the 

often gradual nature of transition between stream classes (Gregory, 2002).  The most 

difficult transitions to delineate are those between intermittent and ephemeral headwater 

streams. 

Headwater streams are the most numerous on the landscape (Leopold et al., 

1964).  Therefore, headwater streams likely represent a significant NPS pollution conduit.  



 2 

The North Carolina Division of Water Quality (DWQ), Division of Forest Resources 

(DFR), and USDA Natural Resources Conservation Service (NRCS) employ the ―blue-

line‖ rule to regulate streams. The blue-line rule asserts regulatory authority over the 

number, classification, and length of streams according the feature‘s ―approximate 

depiction‖ on the USGS 1:24,000 topographic maps or NRCS Soil Survey maps.  

Streams represented with solid blue-lines on the USGS maps are understood to be 

perennial streams.  Similarly, streams represented with dashed blue-lines are intermittent 

streams.  The Soil Survey maps represent almost all streams as dashed black lines.  The 

degree to which headwater streams are protected by RBRs depends on how well each 

stream is approximately depicted on the approved maps. 

Errors are known to exist on these maps.  Studies have been done to evaluate this 

error (Gregory, 2002).  These studies reveal that streams are often under or over 

classified, causing difficulty implementing RBRs and impede effective environmental 

impact planning.  Moreover, articles 3a and 3b of the RBRs have come to be known as 

the ―kick-out, no kick-in‖ clause.   This clause allows landowners to dispute the 

representation of streams on the approved maps and request that a DWQ representative 

delineate disputed streams in the field.  If the disputed stream is determined to be an 

ephemeral stream, no riparian buffer rules can be enforced.  Conversely, if a stream is not 

shown on the maps, but truly exhibits functioning stream characteristics, no riparian 

buffer rules can be enforced on that stream (15A NCA 2B .0233, 1999).  The existing 

approved maps poorly represent stream origins and frequently fail to approximately 

depict some tributaries altogether. 
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Purpose and Objectives 

 It is generally accepted by professionals who routinely use USGS 1:24,000 

topographic maps that the number of lesser order streams and headwater stream origin 

locations are inaccurately mapped.  To date, lesser order stream data has not been 

included as part of the routine USGS mapping update process.  The maps need to be 

updated because corrective measures would help reduce sedimentation pollution and 

nutrient loading in watersheds where RBRs apply.  Updated maps would also help land 

use planners minimize and mitigate the impacts associated with land disturbing activities 

near streams.  The purpose of this study is to identify a general methodology that 

suggests potential avenues for successfully updating the maps.  The primary objective is 

to assess how well both readily available or otherwise generated stream information 

reflect actual findings in the field.  The secondary objective is to explore terrain analysis 

of digital elevation data as a possible foundation for predictive models that could aide 

headwater stream mapping efforts. 

Experimental Approach 

Although often used, commonly available 30-meter Digital Elevation Models 

(DEMs) have a ground resolution far too coarse to aid the interpolation of lesser order 

streams in the piedmont of NC.  Technological advances in devices used to collect digital 

elevation data have made fine spatial resolution models of the earth‘s surface possible.  

Light Detection and Ranging (LIDAR) is an airborne payload that can be configured to 

record highly accurate surface elevation data.  LIDAR works by emitting pulses of laser 

energy and measuring the time it takes for the energy to return to the sensor.  LIDAR‘s 

high spatial resolution is largely a result of the very narrow width of laser pulses emitted 
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by the system and dense post spacing.  The positional integrity of each data point is 

established using gyroscopic devices to correct for the attitude of the sensor and real-time 

GPS to track the position of the aircraft.  LIDAR data collection results in an ASCII text 

file reporting x, y, and z values for a large number of positions.  The approximate 

horizontal accuracy of the LIDAR used in this study is less than or equal to 50cm RMSE.  

The approximate vertical accuracy of the LIDAR used in this study is less than or equal 

to 25cm RMSE.  The ASCII positional coordinates can be used to generate surface 

elevation grids with very high spatial resolution.    

Streams are erosive, by nature incising the landscape during periods of flow.     

The resulting channel networks are unique linear landscape features with elevations 

measurably lower than their surroundings.  Terrain analysis software can detect these 

elevation differences in 30-meter DEMs and LIDAR data. Algorithmic processes are 

routinely used to converted these linear-low-point features to ‗streams‘ by establishing 

threshold parameters such as Strahler stream order, flow accumulation of cells, or a 

minimum support area (Tarboton et al, 2001). However, the spatial resolution of gridded 

data directly influences the scale at which detecting the presence of a stream is possible.  

Therefore, higher spatial resolution data should have the potential to better represent 

lesser order streams.   

For this project, stream origin locations were determined using softcopy aerial 

photography, a Digital Raster Graphic (DRG), a Wake County Digital Line Graphic 

(DLG), terrain analysis of 30-meter DEM data, and terrain analysis of 2-meter LIDAR 

grid data.  The terminal extent of each stream feature was digitized and interpreted to be a 

predicted stream origin.  These predicted origins were then compared to benchmark 
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stream origin data.  The benchmark data were generated by determining the headwater 

origin of each stream located in the field according to North Carolina DWQ stream 

delineation protocol.  Global Positioning System (GPS) positions were collected for each 

field location.  The stream origin predictions were compared to the benchmark data 

statistically using SAS and constructively in tabular form.    

Study Area 

The Harris Research Tract (HRT) is located in southwest Wake County, North 

Carolina.  The HRT mainly drains to the Cape Fear River via Buck Horn Creek and its 

White Oak tributaries and appears on the New Hill USGS 7.5 minute topographic map 

and sheets 82 and 89 of the 1970 USDA Modern Soil Survey of Wake County.  The 

approximately 514-hectare HRT is centered at 35° 38' 30'' north latitude and 78° 55' 30'' 

west longitude.  The HRT included areas of row-crop and pastureland for many years 

until late 1979.  Deep gullies and washouts occur throughout the tract.  These erosional 

features are mainly relics of past land use practices.   

Forestry was, and still is, an important land use on the HRT.  A few scarred 

longleaf pine stumps persist, revealing that the area previously produced naval stores.  

Today, a portion of the HRT is part of a longleaf pine restoration project.  The residual 

longleaf population indicates the tract was probably never completely cleared.  Progress 

Energy actively manages the remainder of the mesic pine\mixed-hardwood forested HRT 

for saw timber production.  Indicators of forestry activity range from old skidder trails, to 

thinning and burning, and the occasional harvest.   

The HRT is located within a geologic area know as the Triassic Basin.  Triassic 

Basin soil parent material consists of sedimentary sandstone, siltstones, mudstones, and 
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shales.  The HRT falls under the Creedmoor-White Store soil association according to the 

USDA General Soil Map of Wake County.  In general, this association is gently sloping 

to steep and hilly, moderately deep to bedrock, with shallower soils along the ridge tops, 

and moderately well drained.  Soil on the HRT tends to be eroded due to past land use 

practices.  The major soil series present on the HRT are Altavista, Augusta, Creedmoor, 

Mayodan, Wehadkee-Bibb, and Worsham.  Important soil characteristics are summarized 

in Table 1. 

Table 1:  Soil Characteristics 

Soil Series Family Subgroup Order Drainage 

Class 

Potentially 

Hydric 

Altavista Fine-Loamy, 
Mixed, Thermic 

Aquic 
Hapludults 

Ultisols Moderately 
Well 

Drained 

No 

Augusta Fine-Loamy, 
Mixed, Thermic 

Aeric 
Ochraquilts 

Ultisols Somewhat 
Poorly 

No 

Bibb Coarse-Loamy, 
Siliceous, Acid, 

Thermic 

Typic 
Flucaquents 

Entisols Poorly 
Drained 

Yes 

Creedmoor Clayey, Mixed, 
Thermic 

Aquic 
Hapludults 

Ultisols Moderately 
Well to 

Somewhat 
Poorly 

No 

Mayodan Clayey, Kaolonitic, 
Thermic 

Typic 
Hapludults 

Ultisols Well 
Drained 

No 

Wehadkee Fine-loamy, 
Mixed, Non-Acid, 

Thermic 

Typic 
Fluvaquents 

Inceptisols Poorly 
Drained 

Yes 

Worsham Clayey, Mixed, 
Thermic 

Typic 
Ochraquilts 

Ultisols Poorly 
Drained 

Yes 

 

Topography and soil characteristics strongly influence stream origins in the 

Triassic Basin.  Soils forming from Triassic sedimentary parent material typically have a 

very tight, sticky B horizon when wet.  The resultant clay aquatard causes ground water 

to be perched near the surface.  In relatively small first order zones with steep relief to the 
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ridge top, the perched ground water will discharge, resulting in stream origins occurring 

at springs.  However, most drainage is low gradient, resulting in long narrow bands of 

slope wetlands and sporadically intermittent streams.  Channels in these zones weakly 

exhibit many geomorphologic, hydrologic, and biologic stream characteristics making 

stream delineation problematic.  These long mixed zones nearly always terminate with a 

rocky or woody grade control where ground water discharge is sufficient to cut through 

the B horizon.  At this point of transition, ground water often supports a perennial pool.  

Down catchment from this point, these Triassic Basin streams exhibit characteristics 

more similar to a typical piedmont stream. 

Methods 

Data Collection 

 The field determination of stream origins and collection of GPS positions for 

those locations was a crucial phase of data acquisition.  Due to the size of the HRT and 

lack of personnel, the streams were not systematically inventoried.  The New Hill 

topographic map and sheets 82 and 89 of the Modern Wake County Soil Survey 

(Cawthorne 1970) were consulted to guide the collection effort.  The majority of the field 

determinations were made between February and April of 2003.  This time of year was 

chosen to take advantage of the increased seasonal wetness that results from reduced 

evapotranspiration.   Late winter and early spring is also a time of maximum 

macroinvertebrate larva activity, an emerging biological stream indicator.  The field data 

collection was particularly time consuming requiring that every valley be traversed while 

carrying several pieces of cumbersome equipment.  The field determinations and GPS 

collection required approximately one hundred hours to complete. 
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The stream origin determinations were made using the NC Division of Water 

Quality Stream Classification Method (Appendix 1).  A four day workshop designed to 

train environmental consultants in the proper application of the protocol was attended 

prior to using the method in this project.  The determination is made by scoring how 

strongly each drainage feature expresses field indicators typical of a stream.  The three 

categories of indicators evaluated are geomorphology, hydrology, and biology.  Each 

primary category is further subdivided into secondary categories to reflect their weighted 

importance when making a determination.  The geomorphologic component largely 

evaluates stream channel development characteristics.  The hydrological component 

addresses stream flow and groundwater influences.  The biological indicators assess the 

interplay between flora, fauna, and the stream from the streambed to bank ecotone.   

A drainage feature must score a minimum of 19 points in order to make a 

minimally functioning intermittent steam determination in accordance with the NC 

Division of Water Quality Stream Classification form (Appendix 2).  Nearly all of the 

headwater streams on the HRT received similar scores in the primary indicator 

categories.  Most headwater streams on the HRT are low gradient, minimally developed, 

minimally functioning, interspersed with slope wetlands, and indeed quite similar. 

Two secondary indicators resulted in a zone scoring just enough points to be 

determined intermittent.  The first indicator is the presence of hydric soils in the side of 

the channel or head cut.  This indicates that ground water is sufficiently near the 

streambed, for a period during the growing season, long enough for reduction of the soil 

matrix to occur.  This field indicator is determined using a soil probe and Munsell color 

chip book.  The second indicator is the presence of macrobenthos in leaf packs or pools.  
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To collect this information, the zone is sampled with a dip-net and the netted contents are 

sorted in a sorting pan.   The abundance and diversity of species determine how strongly 

the indicator is expressed.  Strong secondary biological indicators were the presence of 

crayfish or members of the taxa Ephemeroptera (mayflies), Plecoptera (stoneflies), and 

Trichoptera (caddisflies). 

Following each stream determination, GPS positions for that location were 

collected.  A Trimble ProXR GPS unit was used to collect the positions.  The ProXR is a 

mapping grade GPS unit and has a horizontal accuracy of approximately one meter after 

differential correction.  A range pole was used to elevate the antenna above the 

understory to reduce signal blockage.  A minimum of 300 positions were logged for each 

location.  Additional GPS parameters such as positional dilution of precision and signal 

to noise ratio were set to higher standards than the default settings.  All delineated stream 

origins were revisited at least once to review the initial determination.  Several stream 

origin determinations were moved to a more appropriate location and many remained the 

same. 

The first test data layer generated for the HRT was the 3-D aerial photography 

interpretation.  Three National Aerial Photography Program (NAPP) 1:40,000 color 

infrared positive film transparences were ordered from the USGS Earth Resources 

Observation Systems (EROS) data center.  The photo mission was flown on April 2, 

1998.  The leaf-off condition of deciduous vegetation in the photography increases the 

ability to identify the hardwood dominated riparian zones.  The NAPP photographs were 

also the most current and cost effective imagery available for the project. 
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The triplet has approximately sixty percent overlap in the study area, allowing for 

stereo viewing.  Each transparency was scanned using a non-photogrametric flatbed 

scanner.  The data were captured at 600-dots per inch as 24-bit true color tagged image 

files (TIFF).  The data were then imported to ERDAS/Leica Imagine 8.6 image 

processing software.  Prior to generating the stereo model, the photos were used to create 

an orthorectified mosaic of the study site.  This planametrically corrected image would 

serve as a backdrop for the other data layers throughout the project. 

A 30-meter DEM was downloaded from the NCSU GIS Library, 

http://www.lib.ncsu.edu/stacks/gis, and served as the z-reference for the image model.  

OrthoBASE Pro was used to create the Image Block file.  The image block properties 

were set to NAD83, State Plane, FIPS Zone 3200, meters.  A camera calibration report 

for the flight mission was downloaded from 

http://mac.usgs.gov/mac/tsb/osl/calreports.html.  This report was used to define the 

interior orientation of the model.  An orthorectified MrSid image tile was downloaded 

from the NCSU GIS Library and used to establish 16 ground control points for the HRT 

block file.  Automatic tie points were generated for the block using the default settings 

and advanced robust error checking.  The horizontal and vertical references were set 

based on these interpolations.  The exterior orientation of the block was triangulated 

using these parameters.  A second copy of the block file was saved for use in the stereo 

model.  Block calibration associates the images with the earth‘s surface.  Therefore, 

features digitized in Stereo Analyst would represent their true earth coordinates fairly 

accurately while preserving the distortions and differences in perspective that make 3-D 

visualization possible.  The image parameters were updated and a mosaic for the HRT 

http://www.lib.ncsu.edu/stacks/gis
http://mac.usgs.gov/mac/tsb/osl/calreports.html
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was processed.  Following the orthorectification, a digital terrain model (DTM) was 

generated based on the image calibration and resampled to 10-meters.  The DTM was 

used for z-reference in the stereo model. 

Imagine 8.6 Stereo Analyst was used to create a three dimensional feature project 

based on the HRT block file.  A generic feature class library was created to capture the 

digitized features of interest.  All but the highest order streams are difficult to see clearly 

in the stereo model.  Streams were digitized by following dark, irregular rivulets, which 

tended to divide riparian hardwood vegetation.  The lowest lying path was followed until 

the feature was lost.  The overriding factors guiding the delineation were elevation and 

riparian vegetation in the three dimensional visualization.  Prior knowledge of stream 

locations on the HRT is known to have biased the interpretation. 

The next two data layers obtained were the digital raster graphic (DRG) for the 

USGS New Hill 7.5 minute topographic map and the Wake County hydrographic digital 

line graphic (DLG).  Both layers were downloaded from the NCSU GIS Library website.  

The USGS created the DRG by scanning the New Hill topographic map at 250dpi and 

projecting the data to NAD83, State Plane, FIPS Zone 3200, meters.  The downloaded 

DRG had a cell size of 2.4 meters.  This layer was resampled to an even two-meter cell 

size using a focal mean neighborhood function.  Stream lengths, as expressed by blue-

lines in the DRG, were elongated by 2 meters because of the resampling. 

The downloaded DLG was generated by the Wake County GIS department and 

provided in NAD83, State Plane, FIPS Zone 3200, meters.  No published metadata for 

the DLG layer is currently available.   Metadata for this layer was obtained verbally from 

the Wake County GIS department.  A Wake County GIS representative stated that a 
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vendor was contracted to produce the DLG.  The representative also indicated that the 

hydrographic features represented by the DLG originate from a combination of sources 

including digitized versions of the USGS maps, aerial photography interpretations, and 

terrain analysis of 30-meter DEM data.      

Digital elevation model (DEM) data were downloaded from the USGS EROS 

Seamless Data Distribution System http://seamless.usgs.gov/.  One arc second (30-meter) 

Shuttle Radar Topography Mission (SRTM) data were selected because they are the 

highest quality 30-meter DEM data available.  The data are downloadable in a WGS84, 

Geographic, Lat/Long, z-units meters, continuous floating grid format.  A three-step 

NRL_C (Naval Research Laboratory) datum transformation is required to project the 

geographic data to NAD83, State Plane, FIPS Zone 3200, meters.  The data were then 

resampled to 10-meters using a nearest neighbor function to increase the number of grid 

cells.  This sampling-up of spatially coarse data often leads to smoother analysis when 

using 30-meter DEMs.  The grid was further conditioned by filling sinks (cells which are 

lower than all surrounding neighbors), and removing peaks (spikes in elevation). 

The Light Detection and Ranging (LIDAR) data for the HRT were obtained by 

formal request submitted to the NC Flood Mapping Program.  The data were available in 

thirty two tiles of compressed ASCII text files containing x, y, and z coordinates.  These 

coordinates represent over 26x10^6 two foot mass-point bare earth returns.  The data 

were projected into NAD83, State Plane, FIPS Zone 3200, meters.  A point shape file 

was created using the coordinate information.  These data were pre-release and not 

generally available to the public.  As such, the data had not completed a quality assurance 

evaluation.  Therefore, elevation masks were used to filter out positions with z-values 

http://seamless.usgs.gov/
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deemed to be artifacts.  The shape file was then converted to an Arc native coverage.  

The coverage was then converted to a Triangulated Irregular Network (TIN) surface.  A 

TIN is a continuous surface eliminating the possibility of generating cells containing no-

data.  This often occurs when converting an ASCII file directly to a Grid.  The TIN was 

then converted to a Grid with a two-meter cell size. 

Data Analysis 

In order to evaluate how well each data layer represents headwater streams, the 

stream origins predicted by the data were compared to the GPS field data.  Stream origin 

locations for the stereo interpretation, DRG, DLG, DEM, and LIDAR data sets were 

assumed the up-catchment terminal extent of each stream line present.  The stereo 

derived stream origins were generated by digitizing the terminal extent of the photo 

interpreted stream lines.  The DRG-derived stream origins were generated by digitizing 

the terminal extent of all ‗blue-line‘ streams present in the grid.  The DLG-derived stream 

origins were generated by digitizing the terminal extent of all stream lines present in the 

shape file.  Stream origins for the DEM and LIDAR data were generated by digitizing the 

terminal extent of stream line features extracted using two different terrain analysis 

software.   

The two software modules used are ArcHydro and TauDEM.  The network 

delineation functionality found in ArcHydro is a graphical user interface (GUI) that calls 

standard ArcInfo command-line routines.  The first step in the delineation is generation of 

a flow direction grid.  The flow direction grid cell values are assigned by determining to 

which of eight possible neighboring cells (top, bottom, left, right, or one of the four 

neighboring corners) a hypothetical raindrop would flow.  To illustrate this concept, 
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imagine stretching a cell so that all four sides and all four corners connect to 

corresponding neighboring cells at the neighboring cell‘s elevation.  The stretching 

required to fit a cell in this way, while maintaining the cell‘s centroid elevation, results in 

sloping planes of various pitch depending on differences in elevation.  The direction of 

steepest descent (plane with the steepest pitch) is calculated and the cell to which that 

vector points defines the flow direction value.  This method is referred to as D-8 because 

all flow will be assigned to one of the eight possible directional neighbors and is depicted 

in Figure 1. 

 

 

 

 

 

 

  

Figure 1:  Eight-Direction Based Flow (D-8) 

The second grid generated is a flow accumulation grid.  This grid is calculated by 

cumulatively summing the total number of D-8 vector flow events passing through each 

individual cell.  A flow accumulation threshold value is used to generate the stream line 

grid.  All cells having at least as many cells flowing to them as the threshold value are 

determined to be ‗streams‘ and a stream line grid connecting these cells is generated.  A 

stream line shape file is generated by vectorizing the stream line grid.  ArcHydro 

automatically selects a default flow accumulation threshold value.  This is a user-defined 

parameter in the ArcInfo environment.  The default ArcHydro threshold is a flow 
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accumulation value of one percent of the total number of cells.  Drainage area (minimum 

support area) in square kilometers can also be used to threshold the data. 

The default flow accumulation value ArcHydro used to delineate the 30-meter 

DEM (resampled to 10-meters) is 883 cells.  This represents a drainage area of 0.0883 

square kilometers.  The default flow accumulation value ArcHydro used to delineate the 

2-meter LIDAR DEM is 36,390.68 cells.  This represents a drainage area of 0.146 square 

kilometers.  The smaller drainage area threshold used to process the DEM is the result of 

large numbers of cells containing no-data in the grid.  Part of SRTM data post processing 

is the removal of elevation data from cells that occur over large bodies of water.  The no-

data cells in the DEM occur over Harris Lake and reduce the total effective area of the 

grid.  Cells occurring over Harris Lake in the LIDAR data are populated with the average 

surface elevation of water in the lake, resulting in a larger effective grid area.  The 

LIDAR data were processed using the default DEM drainage area threshold to account 

for the difference in effective grid area.  The ArcHydro derived stream origin predictions 

for both the DEM and LIDAR data sets were generated by digitizing the terminal extent 

of all stream lines delineated by the software.  The same processing techniques were used 

for both layers. 

The second terrain analysis module is TauDEM (Terrain Analysis Using Digital 

Elevation Models).  TauDEM is a set of DEM processing tools developed by Utah State 

University Engineering Professor David Tarboton.  The methodology and functionality 

found in TauDEM is similar to ArcHydro.  However, flow direction and flow 

accumulation are calculated twice.  The first set of flow direction and flow accumulation 
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calculations use the D-8 method.  The second set of calculations is based on a concept 

referred to as D-infinity (Tarboton et al., 1997). 

D-infinity is similar to D-8; however this method allows flow to be proportioned 

to multiple cells.  D-infinity works by dividing a cell into eight triangular facets.  Each 

facet defines a plane between the cell centroid elevation and elevation of the eight 

neighboring cells and is depicted figure 2.  Figure 2 is a variant of a graphic Tarboton 

developed and uses as a teaching aide in his courses, presentations, and lectures.  Each 

 

 

 

 

                                                           

 

 

 

 

Figure 2:  D-infinityFlow Direction (Tarboton, 1997) 

facet has an individual vector of steepest descent, which may or may not point toward 

another facet or neighboring grid cell.  Flow contribution is proportioned in the direction 

of steepest descent for each facet, often to multiple cells.  If the algorithm cannot be 

resolved, such as in areas with zero topographic relief, the calculation reverts to D-8 

(Tarboton, 1997).  The D-infinity flow direction and flow accumulation grid values take 
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Like ArcHydro TauDEM also selects a default threshold value.  However, 

TauDEM does not use flow accumulation of cells directly to threshold the stream 

network.  Rather, TauDEM evaluates the flow accumulation grid using a two by two 

window and flags the flow accumulation cell with the highest elevation value.  These 

flagged cells are understood to be upwardly curved grid cells (Tarboton et al., 2001).  

Only unflagged cells represent potential drainage courses in TauDEM.  A new grid is 

calculated based on the number of upwardly curved grid cells flowing through all 

unflagged cells.  The number of cells upwardly curved and flowing through an unflagged 

flow path cell, multiplied by the cell size (e.g. 10x10-meters), defines the drainage area 

contributing flow to that cell.  TauDEM then calculates multiple network trees using a 

range of contributing area values.  The network trees are ‗pruned‘ until the mean number 

of stream drops (difference in elevation at the ends of stream segments) between first and 

higher order streams has an absolute t statistic value less than two.  The fewest number of 

upwardly curved cells associated with this minimum support area, which produces a 

satisfactory t-statistic, is automatically selected as the default threshold.  In this way, 

TauDEM objectively evaluates elevation data regardless of topographic characteristics. 

―…The constant drop property is an empirical geomorphological  

attribute of properly graded drainage networks, that has a physical 

basis in terms of geomorphological laws governing drainage network 

evolution (Tarboton et al., 1992).‖  ―…By using the smallest support 

area that produces networks consistent with this property we are 

extracting the highest resolution drainage network statistically 

consistent with geomorphological laws (Tarboton et al., 2001).‖ 

 

The default threshold value TauDEM determined for the DEM was 53 upwardly curved 

cells.  The default threshold value TauDEM determined for the LIDAR data was 308 

upwardly curved cells. 
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Comparison Design 

 Cartesian coordinates were needed for each stream origin in order to compare the 

GPS field data to the seven test data layers.  The coordinates were generated by editing 

the data base file of each layer in ArcView 3.2 and generating the coordinates.  New x 

and y fields were populated with the [Shape].GetX and [Shape].GetY commands 

respectively.  The data base files of all seven data layers were then imported to SAS for 

statistical analysis (Appendix 3). 

The GPS ground truth data locate thirty-two stream origins on the HRT.  The 

difference in Euclidian distance (difference in distance = sqrt ((x1-x2) ^2+(y1-y2) ^2) 

from each predicted stream origin that was determined to match a GPS field position was 

calculated.  The gross mean difference in distance and number of matching observations 

were used evaluate how well each test data layer reflected actual findings in the field.  

Other parameters by which the data were compared are total number of stream origins 

predicted, number of ‗matching‘ stream origins, number of missing steam origins, 

number of over-predictions, stream over-runs, and stream under-runs.  A graphical 

representation of the terms used to categorize predicted stream origins is presented in 

Nomenclature Maps 1 and 2 (Appendix 4). 

Stream origin locations not predicted by the test data were classified as missing 

origins.  Stream origin locations predicted by the test data that have no corresponding 

GPS origin were classified as over-predictions.  Over-predictions tend to be stream origin 

predictions located in ephemeral tributaries.  Over-predictions were verified by 

evaluating the position to see if it was located in a natural drainage according to the Soil 

Survey map, contour crenulations on the New Hill quad map, or knowledge of the area.  
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Gullies are also classified as over-predictions.  Over-run is a tally of how many matching 

stream origins were predicted up-catchment from the GPS data.  Under-run is a tally of 

how many matching stream origins were predicted down-catchment from the GPS data.  

The classification of predictions into somewhat arbitrary categories is intended to aide in 

the understanding of stream origin predictions given the data set and analysis technique 

used.  Moreover, the convention of tallying origin matches, over-run, and under-run 

coupled with the ability to view the spatial variability of the predictions for each data set 

points to the absence of land use\land cover and soils data used when making stream 

origin determinations from gridded data.    

The classification of the predictions is instructive and not intended to be an 

empirical measure of accuracy.  The purpose of this study is to demonstrate how well 

frequently used data such as DRGs, and DLGs, as well as terrain analysis of elevation 

data reflect actual findings in the field.  The goal of this instructive approach is to explore 

the usefulness of each data layer and analysis technique rather than empirically validating 

each stream origin prediction.  Moreover, validation of the GPS field determinations 

alone would require effort and funding beyond the scope of this exploratory study.  

Therefore, no attempt to quantify omission or commission error is made here.  Further, 

this alternative approach is less of a commentary on the quality of research presented, but 

more an acknowledgement of the difficulty inherent in quantifying discrete landscape 

features, such as streams, at a landscape scale. 

Results 

 Thirty-two stream origins were identified in the field and GPS positions were 

collected for each (Map 1).  The GPS data set is the best stream origin information 
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available for the HRT.  However, it is possible that some streams were not located while 

conducting the field delineations and the data set could be incomplete.  The DWQ Stream 

Classification Method was applied consistently throughout the study site.  However, 

errors likely persist despite the exhaustive effort.  The stereo interpretation was used in 

part to support the field determinations.  The stereo analysis resulted in thirty-three total 

stream origin predictions (Map 2).  Of these, thirty-one are matching stream origins, 

which indeed support the field assessment results.  The stereo interpretation was 

performed with prior knowledge of the GPS field locations.  Therefore, results from the 

stereo photo interpretation will not be compared with the other data layers. 

The DRG analysis resulted in ten stream origin predictions (Map 3).  All ten 

predictions are matching stream origins.  Twenty-two stream origins are missing, and 

there are zero ephemeral over-predictions (Table 3).  Six of the matching stream origins 

are over-runs and three are under-runs.  The mean distance from a prediction to a 

corresponding stream origin is one hundred fifteen meters (Table 2). The minimum 

distance from a prediction to a corresponding stream origin is approximately twenty-one 

meters. 

The DLG analysis resulted in twenty-three total stream origin predictions (Map 

4).  Of these, twenty are matching stream origins.  Twelve stream origins are missing, 

and there are three ephemeral over-predictions (Table 3).  Nine of the matching stream 

origins are over-runs and eight are under-runs.  The mean distance from a prediction to a 

corresponding stream origin is eighty meters (Table 2).  The minimum distance from a 

prediction to its corresponding stream origin is approximately eleven meters. 
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The ArcHydro analysis of the 30-meter DEM resulted in twenty-four total stream 

origin predictions (Map 5).  Of these, sixteen are matching stream origins.  Sixteen 

stream origins are missing and there are eight ephemeral over-predictions (Table 3).  Two 

of the matching stream origins are over-runs and fourteen are under-runs.  The mean 

distance from a prediction to a corresponding stream origin is two hundred twenty-three 

meters (Table 2).  The minimum distance from a prediction to a corresponding stream 

origin is approximately forty meters. 

 The TauDEM analysis of the 30-meter DEM resulted in fifteen total stream origin 

predictions (Map 7).  Of these, eleven are matching stream origins.  Twenty-one stream 

origins are missing and there are four ephemeral over-predictions (Table 3).  One of the 

matching stream origins is an over-run and ten are under-runs.  The mean distance from a 

prediction to a corresponding stream origin is two hundred twenty-seven meters (Table 

2). The minimum distance from a prediction to a corresponding stream origin is 

approximately one hundred thirty-five meters. 

 The ArcHydro analysis of the 2-meter LIDAR grid resulted in twenty-three total 

stream origin predictions (Map 6).  Of these, nineteen are matching stream origins.  

Thirteen stream origins are missing and there are four ephemeral over-predictions (Table 

3).  One of the matching stream origins is an over-run and sixteen are under-runs.  The 

mean distance from a prediction to a corresponding stream origin is one hundred eighty-

seven meters (Table 2). The minimum distance from a prediction to a corresponding 

stream origin is approximately nineteen meters. 

 The TauDEM analysis of the 2-meter LIDAR grid resulted in sixty total stream 

origin predictions (Map 8).  Of these, thirty are matching stream origins.  Two stream 
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origins are missing, with thirty over-predictions, one of which is a known gully (Table 3).  

Fifteen of the matching stream origins are over-runs and six are under-runs.  The mean 

distance from a prediction to a corresponding stream origin is eighty-two meters (Table 

2). The minimum distance from a prediction to a corresponding stream origin is 

approximately ten meters. 

 

Table 2:  Analysis of Difference in Distance (meters) 

 

Data Layer N 

(matching) 

Mean Std Dev Std 

Error 

Lower 

95% CI 

Upper 

95% CI 

Min Max 

DEM-AH 16 223.86 105.43 26.36 167.69 280.04 40.01 457.88 

DEM-TD 11 226.65 90.71 27.35 165.71 287.58 135.22 444.58 

LIDAR-AH 19 187.36 87.08 20.00 145.39 229.33 18.63 310.23 

LIDAR-TD 30 81.53 90.54 16.53 47.72 115.34 9.90 434.89 

DRG 10 114.67 58.58 18.52 72.77 156.57 20.67 200.64 

DLG 20 79.97 60.77 13.59 51.53 108.41 10.83 209.40 

STEREO 31 57.23 60.32 10.83 35.11 79.36 4.57 243.91 

 

 

 

Table 3:  Summary of Predictions 

 

Data Layer Mean 

Distance 

Error (m) 

Total # 

Origins 

Predicted 

Stream 

Origin 

Matches 

Missing 

Stream 

Origins 

Over 

Predictions 

Over-

Run 

Under-

Run 

DEM-AH 224 24 16 16 8 2 14 

DEM-TD 227 15 11 21 4 1 10 

LIDAR-AH 187 23 19 13 4 1 16 

LIDAR-TD 82 60 30 2 30 15 6 

DRG 115 10 10 22 0 6 3 

DLG 80 23 20 12 3 9 8 

STEREO 57 33 31 1 2 * * 

GPS * 32 * * * * * 
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Discussion 

Adherence to the standards set forth by the RBRs has proven to be a point of 

contention among environmental advocates, developers, municipalities, state agencies, 

and forest industry.  Regulatory agencies have the daunting task of developing 

environmental policy that is sound, effective, and implementable.  The prescribed goal is 

to set effective policy that is readily deployed to those sectors of the public affected by 

the regulations.  The RBRs are applied over large areas throughout North Carolina‘s 

diverse landscape.  It would be difficult for a single rule to accommodate the different 

environmental characteristics of each physiographic region in the state. 

The project purpose is to evaluate how well readily available or otherwise 

generated stream origin data reflect actual findings in the field and to begin to explore 

possible avenues for updating the maps.  The most commonly accepted reference data for 

streams is an approximate depiction of the feature on USGS 7.5 minute topographic 

maps.  The features that are represented on the maps may be within USGS mapping 

accuracy standards.  However, in this case the topographic map poorly reflects actual 

findings in the field.  Moreover, USGS Topographic maps were never designed to service 

the needs of land use planners, environmental advocates, developers, farmers, or foresters 

with regard to compliance with Riparian Buffer Rules.  

The RBRs also state that tributaries approximately shown on modern Soil Survey 

maps are protected if they are minimally intermittent streams.  Again, the map was never 

intended to support the regulatory guidelines set forth by the RBRs.  Hydrographic 

features on Soil Survey maps originate from a standard addressing agricultural 
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production and equipment limitations.  As such, they over-map stream reach well into 

ephemeral streams and linear wetlands.   

 In this paper, seven different data layers were evaluated.  Field delineation 

identified thirty-two functioning intermittent streams on the Harris Research Tract 

(HRT).  This is twenty-two more streams than are shown on the USGS New Hill quad 

topographic map.  The New Hill topographic map clearly fails to represent actual 

findings in the field.  If the number of unmapped streams identified in this study for the 

New Hill quad map is not significantly higher than other USGS 1:24,000 quad maps, then 

water quality will continue to be negatively impacted more than is necessary until some 

alternative which accounts for the missing streams is identified. 

Field determination of stream origins is the only available method with the 

potential to account for all headwater streams.   The field approach would ensure the best 

possible RBR compliance.  Environmental advocates would likely favor this approach.  

However, it is doubtful the costs and time necessary to implement such an alternative 

would be embraced by either regulators or the regulated community.  This approach is 

simply too expensive to be considered an alternative. 

 Stereo interpretation of aerial photography has also been explored here.  

Photogrammetry has produced much of the environmental data we rely on.  Quality photo 

interpretation requires temporally relevant, high-resolution photography, sophisticated 

equipment, and most of all, skilled interpreters.  Any of these three factors could be cost 

prohibitive for much of the regulated community.  It is likely that serious photo 

interpretation is only an alternative where budget constraints allow, or the equipment and 

personnel necessary are already in place. 
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The Digital Line Graph (DLG) also fails to reasonably reflect actual findings in 

the field.  The DLG only captured twenty of the thirty-two stream origins identified on 

the HRT.   The DLG was also equally likely to under-run stream reach as it was to over-

run streams.  The inconsistency in stream run prediction indicates information relevant to 

stream length is missing from the prediction model.  However, the DLG shows 

significant improvement over the DGR.  The DLG also had the lowest standard error for 

predicting an n
th

 stream origin.  Moreover, the data are easily downloaded and nearly 

ready for use.  DLG data should be incorporated as an interim supplement by all parties 

involved in land disturbing activities until the approved maps can be updated.  The 

regulatory, planning, compliance, and monitoring efforts of all parties involved would 

benefit from this adaptation.  The DLG approximately depicts more streams than the 

USGS New Hill quad; therefore more land would regulated by RBRs.  This may 

represent a direct financial disincentive for consumers of the landscape to begin using the 

DLG. 

The final series of approaches incorporated gridded elevation data with terrain 

analysis software programs.  The first procedure was to process 30-meter DEM and 2-

meter LIDAR data using ArcHydro, a generally well known GIS module.  The DEM 

ArcHydro combination, while very quick and easy to use, performed very poorly.  The 

analysis results significantly under predicted the total number of stream origins.  Stream 

reach was also consistently under-run for those tributaries that were predicted. 

Two-meter LIDAR data was also processed using ArcHydro.  ArcHydro 

produced slightly better results with the LIDAR data than with the DEM.  Moderate 

improvements in mean distance error, under predictions, and under-run are likely due to 
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the increased spatial resolution of the LIDAR data.  However, the consistency with which 

ArcHydro under estimates stream origins, for both data sets given contrasting spatial 

resolutions, suggests that the default threshold value is too strict, limiting the extraction 

of stream features.  ArcHydro also fails to employ any recent improvements in network 

delineation algorithms such as D-infinity. 

The final approach evaluated the 30-meter DEM and 2-meter LIDAR grids using 

a relatively unknown terrain analysis module, TauDEM.  The stream origin information 

extracted from the DEM using TauDEM produced inferior results when compared to all 

other methods.  The TauDEM analysis of the 30-meter DEM resulted in the highest mean 

difference in distance and the highest standard error for predicting an n
th  

stream origin.  

TauDEM also resulted in a very high number of missing stream origins, second only to 

the DGR, using the default threshold.  TauDEM should not be used to process spatially 

coarse data.  The eight facets used to generate the D-infinity grid are likely spanning too 

large a ground distance for proportioned flow to effectively model channel networks.   

The stream origin information extracted from the LIDAR data using TauDEM 

produced dramatically superior results when compared to all other methods except field 

delineation.  The TauDEM LIDAR combination predicted sixty total stream origins and 

produced thirty matches with a mean difference in distance only two meters greater than 

the DLG.  Thirty of the predictions did not match any stream origins identified in the 

field.  Many of these data points are likely ephemeral over-predictions, an assumption 

which is supported by a review of position on the landscape, Soil Survey, interpretation 

of contour crenulations, and a general knowledge of the area.  However, field validation 

of every prediction is beyond the scope of this study.  Over predictions are not deemed to 
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be significantly problematic because it is likely easier to develop criteria to discard 

stream origin over predictions than to discover a truly missing stream without any 

predictions at all. 

TauDEM is quite sophisticated and much more difficult to use successfully than 

ArcHydro.  TauDEM also requires four times more processor time to analyze the same 

grid than does ArcHydro.  However, the LIDAR TauDEM combination produces results 

superior to all other methods except field delineation in this case.  The capabilities of 

TauDEM should be investigated further.  Moreover, LIDAR is the highest resolution 

elevation data currently available.  LIDAR data should be incorporated into elevation 

based terrain analysis when appropriate.  However, elevation data should not be the only 

information upon which network delineation is based.  

Terrain analysis, with respect to network delineation, is only quantifying one 

landscape metric, drainage area.  Both terrain analysis software packages control the 

drainage network indirectly by estimating a minimum support area.  This minimum 

support area is calculated without any soils or land cover information.  The software is 

only evaluating descent vectors and flow accumulation of cells.  Soils with different 

properties support streams with dramatically different drainage areas.  A weighted grid 

that accounts for varying soil properties should be incorporated into any grid based 

stream delineation application.  Similarly, land use and land cover grids which account 

for the influence that anthropogenic activities, vegetation, and time have on the landscape 

should also be included.  For example, the Harris Research Tract is located in the Triassic 

Basin, a geologically complex zone.  Any stream delineation application developed for 

this site would only apply to this site.  However, it is likely that the conceptual design 
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could be applied elsewhere given acquisition of the appropriate data and modification of 

threshold parameters. 

A robust Geographic Information Science (GIS) based program that incorporates 

terrain analysis, photogrammetry, soils, land cover, ground truthing, and public feedback 

would be a reasonable process for updating the approved maps.  A terrain analysis 

component in such a process is crucial because the identification of likely stream origins 

could be partially automated which is a necessity at the landscape scale.  The resultant 

predictions could then be modified and validated based on site specific criteria.  Any 

program designed to update the maps should take full advantage of high resolution 

elevation data and advances in terrain analysis software used to process them.  

Traditionally accepted 30-meter DEMs and D-8 based terrain analysis would fail to fully 

realize the potential of an integrated GIS approach.  Any mapping update project would 

require a programmatic commitment by the regulatory community in order to be 

successful.  A GIS approach would also require substantial technical expertise on the part 

of environmental professionals, GIS technicians, as well as regulatory policy adaptations. 

 

Conclusions 

This paper evaluated several methods used to generate and communicate 

information about stream locations.  The New Hill 7.5 minute topographic map 

incorrectly represents the number of streams and the location of stream origins for the 

Harris Research Tract.  All GIS techniques used to delineate stream origins have 

limitations and are very dependent on data quality and the techniques used to process the 

data.  In this application, ArcHydro is much faster and simpler to use than TauDEM.  
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ArcHydro produced better stream information than did TauDEM when using spatially 

coarse data.  TauDEM‘s performance was superior to all other approaches, except field 

delineation, when fine resolution LIDAR data were used.  LIDAR‘s fine spatial 

resolution enhances the potential for terrain analysis software to extract stream origin 

information.  This stream origin information could be used to update the USGS 

topographic maps. 
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Appendix 1 

 

INTERNAL GUIDANCE MANUAL 
 

N.C. DIVISION OF WATER QUALITY STREAM CLASSIFICATION METHOD 

 

 
January 19, 1999 

Version 2.0 

 

Introduction 
 

This stream evaluation method is intended to distinguish ephemeral channels from 

intermittent channels. The numerical rating system format was developed based on 

repeated requests from the regulated community for an objective method of stream 

evaluation. The 19 point minimum score for determining an intermittent channel was 

based on the results of over 300 individual field trials conducted in the Piedmont and 

Coastal Plain portions of the Neuse River Basin during May, June, July and August of 

1998, as well as field testing conducted during December 1998 and January 1999. The 

four tiered weighted scale used for this system is in response to the intrinsic variability of 

stream channels. The score ranges were developed in order to better assess the often 

gradual (and sometime variable) transition of streams from ephemeral to intermittent. 

 

Previous versions of this form used a ―yes‖/ ―no‖ format and was found by NCDWQ 

staff and by the regulated community to be inadequate to properly encompass and assess 

the natural variability encountered when making stream determinations in the field. 

Moderate characters are intended as an approximate qualitative midpoint between the two 

extremes of Absent and Strong. The remaining qualitative description of Weak represents 

gradations that will often be observed in the field. The ―in between grades‖ are intended 

to allow the evaluator the required flexibility in assessing inherently variable features. In 

addition, the small increments in scoring between gradations will help reduce the range in 

scores between different evaluators. 

 

 

How To Use The Classification  
 

I. The Classification Form 

The four tiered weighted scale is designed to encompass the range in variability of each 

character likely to be observed in the field. The Primary and Secondary indicators are 

weighted to reflect the relative importance that each character has in determining 

Intermittent channels from Ephemeral channels. Absent,  Weak, Moderate, and Strong 

are defined below. These definitions are intended as guidelines. Personal experience 

and best professional judgement should also be employed in conjunction with these 
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guidelines when evaluating streams. The evaluator must select the most appropriate 

number for each variable—selection between those in the form is not allowed. 

Absent: The character is not observed. (On a scale of 1 to 10, Absent = 0) 

Weak: The character is present but you have to search intensely (i.e., ten or more 

minutes) to find it. (On a scale of 1 to 10, Weak =1,  2, or 3). 

 

Moderate: The character is present and observable with mild (i.e., one or two minutes) 

searching. (On a scale of 1 to 10, Moderate = 4, 5, or 6). 

 

Strong: The character is easily observable. (On a scale of 1 to 10, Strong = 7 to 10). 

 

Examples: 
 

(**These are intended as guidelines and the numbers given are provided only for a general reference. The 

numbers should not necessarily be taken literally**). 

 

Fish: Absent: No fish, even after an intense 10 minute search of a large (e.g., 200‘) liner 

stretch of stream. Fish sampling should be conducted visually and with a dip net. 

Fish Weak: One or two fish found after an intense search. 

Fish Moderate: After a mildly intensive search (i.e., 1 or 2 minutes), you see four or five 

individual fish, or one small school. 

Fish: Strong: Upon casual observation, you see a half dozen fish and/or two or three 

small schools. 

 

Meanders: Absent: The stream is straight. 

Meanders: Weak: Nearly all of the stream is straight, only one or two very small bends. 

Meanders: Moderate: Most of the stream is straight although there are a few bends. One 

or two of these bends may be large. 

Meanders: Strong: Large portions of the stream bend. The bends will mostly be large or 

exaggerated. 

 

II. Field Use Of The Classification System 

A. Channel Assessment Methodology 

Streams are drainage features that change from ephemeral to intermittent to perennial along a gradient or 

continuum—often times with no single distinct point demarcating these transitions. In order to determine 

ephemeral streams from intermittent ones using this classification system, the field evaluator must exercise 

caution. Determinations must not be made at one point without first walking up and down the channel. This 

initial examination allows the evaluator to examine and study the nature of the channel, make judgements 

about what is happening in the watershed, and make mental notes (based on the characters used in the 

classification form) about where along the reach in question the channel likely changes from ephemeral to 

intermittent. As a general rule of thumb, several hundred feet (sometimes much more) of channel should be 

walked to make these determinations. It is not possible to make decisions regarding ephemeral versus 

intermittent from evaluating a single point along the channel.  

 

B. Addressing Weather Induced Variability 

As channels convey water, their rate and duration of flow is influenced by recent and long-term weather. In 

order to “filter” out some of this variability, it is STRONGLY recommended that field evaluations be 

conducted at least 48 hours after the last known rainfall. However, please note that the classification 
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method has been designed with enough built in redundancy to allow for reasonably accurate ratings even 

after a recent rainfall.  

 

Primary Indicators 
 

I. Geomorphology 

 

#1 Riffle-Pool Sequence. Pools: Areas of slow moving water. These usually form where 

the stream widens. Riffles: Shallow areas extending across the streambed where the water 

moves faster. Usually these areas occur when the stream narrows. Sometimes this faster 

moving water runs over small rocks, cobble or pebbles (although rocks aren‘t always 

needed for a riffle). 

 

#2 USDA Texture In Streambed: Is the material comprising the bottom of the stream 

different than the material comprising the surface of the ground surrounding the stream? 

(For example: Are there small pebbles, gravel or sand in the stream whereas the 

surrounding land is covered with leaves or topsoil, etc.)? 

 

#3 Natural Levees: Are there large ―mounds‖, ―hills‖, or broad low ―ridges‖ of sand or 

silt deposited parallel (or nearly so) to the stream on its floodplain and adjacent to one or 

both of its banks? These  

features may be covered with trees and shrubs or they may be barren sand or silt. 

 

#4 Sinuosity: Does the stream bend? Are there curves in the stream? These bends or 

curves can be small 

or large. More formally, sinuosity is the ratio of the length of the channel to the down 

valley distance (i.e., 1:1 = straight channel). 

 

#5 Active (Or Relic) Floodplain: A flat (or nearly flat) lowland that borders a stream, is 

covered by its waters at flood stage, and is built of organic matter and/or alluvium due to 

overbank deposition. These areas may have plants adapted to wet areas growing on them. 

Small floodplains can be found ―inside‖ the stream‘s banks in deeply incised channels. 

More frequently, floodplains are outside of the stream‘s banks. 

 

#6 Braided Channels: Are there more than one small stream channels that cross or 

―braid‖ over one another. This usually occurs in areas where the land flattens 

significantly and where there is abundant sediment supply in a wide streambed with 

shallow water flow.  



 34 

 

#7 Recent Alluvial Deposits: Are there recent deposits or accumulations  (in the stream 

or on adjacent floodplains) of sand, silt, cobble, or gravel? 

 

#8 Bankful Bench: When you look at the side of the streambank is there a nearly 

continuous ―bench‖ eroded into the channel which has accumulated sand or silt. This area 

is often covered with plants. In dry times when the stream is low, you can often see it part 

way up the bank. In wet times you may not be able to see it as the stream will be flowing 

over the bench. 

 

#9 Bed And Bank: Is the water in the stream in a well-defined channel surrounded or 

―contained‖ by a higher bank area. In small streams the bank may be very low 

(sometimes only a few inches) and may not necessarily be a continuous feature. 

 

#10 2
nd

 Order Or Greater Channel: To your knowledge (you can look at SCS County 

Soils Survey Maps or U.S. Geological Survey Maps, or use field observations) is the 

channel that you are looking at have one (or more) other channels  flowing into it? 

 

Primary Indicators 
 

II. Hydrology 

 

#1 Ground Water: Seeps: Usually seeps have water dripping or slowly flowing out from 

the ground or from the side of a hill. Water Table: If you dig a hole in the ground near the 

stream (not in the streambed) of approximately a foot deep and water fills it (usually this 

will be a slow process) the water table is high and may help keep the stream flowing in 

dry seasons. High water tables are most common in the Coastal Plain. 
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Primary Indicators 
 

Biology 

 

#1 Fibrous Roots: When you look in the bottom (or edge) of the stream, are there very 

small (almost ―hair-like‖) roots there? Fibrous roots do not include roots larger than half 

the thickness of a finger and are not generally ―woody‖ in appearance or consistency. 

 

#2 Rooted Plants In Streambed: Are there plants growing in the bed of the stream? 

Plants growing on any part of the bank of the stream should not be counted. 

 

#3 Periphyton: When you look on rocks, logs, plants, or twigs in the water is there a 

―slimy‖ or ―spongy-leafy‖ growth of algae or very small plants present? Usually the color 

is a brown-green or dark brown, although this growth can take on the color of the silt or 

sediment present in the stream. 

 

#4 Bivalves: Are there clams or mussels in the stream? To look for them, dig around in 

the streambed or look for them where plants are growing in the streambed. Also, look for 

empty shells washed up on the bank. Some bivlaves (e.g., Fingernail clams) can be pea-

sized or smaller. 

 

 

Secondary Indicators 
 

I. Geomorphology 

 

#1 Head Cut: An abrupt vertical drop in the bed of a stream channel. It often resembles a 

small intermittent waterfall (or a miniature cliff). Intermittent streams sometime start at 

these areas. 

 

#2 Grade Control Point: Often this feature is distinguished by a large rock outcrop in 

the channel or by a large root which extends across the channel. These structures separate 

an abrupt change in grade of the stream bed. 

 

 

 

 

 

 

 

 

 

#3 Topography Indicating A Natural Drainage Way?: When looking at the local 

topography in the field (or on a U.S. Geological Survey Map) does the land slope towards 

the channel (or are the contour lines fairly close together and roughly sinuous in shape 



 36 

and thereby indicating a ―draw‖?). In other words, does the land have slopes that seem to 

drain to or indicate a natural drainage way? 

 

 

Secondary Indicators 

 
II. Hydrology 

 

#1 This (Or Last’s) Years Leaflitter Present In Streambed: Are there leaves (freshly 

fallen, or some may be ―blackish‖ in color and/or partially decomposed) present in the 

streambed? 

 

#2 Sediment On Plants (Or Debris): Are plants (or rocks, logs, or other debris) in the 

stream (or on the streambank or flood plain) stained white, gray, red, brown, or reddish-

brown with sediment? 

 

#3 Wrack Lines: Are twigs, sticks, logs, leaves, or other floating material (including 

litter such as plastic soda bottles, beer cans, styrofoam, etc.) piled up on the upstream side 

of obstructions in the stream, on the streambank, and/or in the floodplain? 

 

#4 Water In Channel >48 Hrs. Since Last Known Rainfall: Intermittent streams do 

not always have water in them. Water in intermittent channels may linger in pools or 

holes in the streambed. A good rule of thumb for distinguishing intermittent streams from 

ephemeral ones is if they have water in them for more than 48 hours since the last rain. 

 

#5 Water In Channel During Dry Conditions Or In growing Season? Intermittent 

streams do not always have water in them. Look for water in pool areas or in holes in the 

streambed. Another good rule of thumb for differentiating ephemeral streams from 

intermittent ones is if they have water in them during dry (drought) conditions or during 

the growing season. 

#6 Hydric Soils In Sides Of Channel (Or In Headcut): Are hydric soils present in the 

sides of the channel or in the headcut? Use a soil auger to sample these areas for hydric 

soil indicators. 
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Secondary Indicators 

 
III. Biology 

 

#1 Are Fish Present: Look for fish in pools or other areas of standing water in the 

stream. In addition, look under overhangs in the bank, near tree roots, on the downstream 

side of rocks or other large obstructions, or in and around plants. 

 

#2 Are Amphibians Present: Look for frogs near the bank and in the water (also look 

for tadpoles in the water). Salamanders may also be found under rocks, logs, or leaf packs 

in the stream or in very moist leaf litter, moss, or logs (and under rocks) next to the 

stream. 

 

#3 Are Aquatic Turtles Present: Look for turtles on rocks or logs in the stream or in 

and around rocks and logs in areas adjacent to the stream. Also look for turtles basking in 

areas exposed to sunlight. 

 

#4 Crayfish: Look for crayfish in small pools, under rocks, under logs, sticks or within 

leaf packs in the stream. Additionally, look for small holes in the muddy streambank or 

look for distinct ―chimneys‖ (roughly cylindrical chimneys) on the muddy bank. 

 

#5 Macrobenthos: Look under rocks, logs, twigs, and leaf packs. Also look under the 

streambank and in (and on) any vegetation in the stream. If you have a dip net, drag it 

around the streambank and in any vegetation or leaf packs present. If you have a kick net 

set it up downstream of any riffles and kick (and ―wash‖) the rocks in the riffle so that the 

material disturbed is caught in the downstream net. The use of nets for this step is 

strongly recommended. 

 

#6 Iron Oxidizing Bacteria/Fungus: In slow moving (or stagnant) areas of the stream 

are there clumps of ―fluffy‖ rust-red material in the water? Additionally, on the sides of 

the bank (or in the streambed) are there red or rust colored stains (usually an ―oily sheen‖ 

or ―oily scum‖ will accompany these areas) on the soil surface? These features are often 

(although not exclusively) associated with groundwater. 

 

#7 Filamentous Algae: In slow moving areas (or in pools or stagnant areas) are floating 

green algae (usually not attached to rocks or logs) present? 

 

#8 Wetland Plants In Streambed: Are plants usually associated with wet areas present 

in the streambed? For example, cattails or black willow?  (For determining OBL, FACW, 

FAC, FACU, or UPL See Appendix I) . Submerged aquatic vegetation (SAV) includes 

rooted plants that generally grow totally submerged under the water‘s surface.
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Appendix 2 

NCDWQ Stream Classification Form 

Project Name:     River Basin:         County:           Evaluator: 

  

DWQ Project Number:    Nearest Named Stream:        Latitude:           Signature:    

 

Date:     USGS QUAD:         Longitude:                             Location/Directions: 

*PLEASE NOTE: If evaluator and landowner agree that the feature is a man-made ditch, then use of this form is not necessary. Also, if in 

the best professional judgement of the evaluator, the feature is a man-made ditch and not a modified natural stream—this  rating system 

should not be used* 

 

Primary Field Indicators: (Circle One Number Per Line) 

 

I. Geomorphology           Absent         Weak        Moderate               Strong   
1) Is There A Riffle-Pool Sequence?       0               1   2         3   

2) Is The USDA Texture In Streambed 

    Different From Surrounding Terrain?     0  1   2         3  

3) Are Natural Levees Present?        0  1   2         3     

4) Is The Channel Sinuous?        0  1   2         3     

5) Is There An Active (Or Relic)  

     Floodplain Present?             0  1   2         3   

6) Is The Channel Braided?        0  1   2         3    

7) Are Recent Alluvial Deposits Present?       0  1   2         3   

8) Is There A Bankfull Bench Present?       0  1   2         3   

9) Is a Continuous Bed & Bank Present?              0  1                            2                                 3                                                

(*NOTE: If Bed & Bank Caused By Ditching And WITHOUT Sinuosity Then Score=0*)              

10) Is a 2
nd

 Order Or Greater Channel (As Indicated 

      On Topo Map And/Or In Field) Present?                   Yes=3   No=0      

PRIMARY GEOMORPHOLOGY INDICATOR POINTS:______ 

II. Hydrology           Absent         Weak        Moderate                Strong  
1) Is There A Groundwater     

     Flow/Discharge Present?            0  1   2         3   

PRIMARY HYDROLOGY INDICATOR POINTS:   
 

III. Biology           Absent          Weak        Moderate   Strong   
1) Are Fibrous Roots Present In Streambed?        3  2   1         0    

2) Are Rooted Plants Present In Streambed?        3  2   1         0    

3) Is Periphyton Present?          0  1   2         3    

4) Are Bivalves Present?          0  1   2         3   

PRIMARY BIOLOGY INDICATOR POINTS:    
 

Secondary Field Indicators: (Circle One Number Per Line)  

 

I. Geomorphology          Absent            Weak         Moderate                  Strong  
1) Is There A Head Cut Present In Channel?         0       .5    1         1.5    

2) Is There A Grade Control Point In Channel?    0   .5    1         1.5                            

3) Does Topography Indicate A  

    Natural Drainage Way?             0   .5    1         1.5   

SECONDARY GEOMORPHOLOGY INDICATOR POINTS: ______ 
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II. Hydrology            Absent            Weak          Moderate      Strong  
1) Is This Year‘s (Or Last Year‘s) Leaflitter 

    Present In Streambed?                1.5     1    .5            0                    

2) Is Sediment On Plants (Or Debris) Present?      0  .5    1         1.5   

3) Are Wrack Lines Present?        0  .5    1         1.5     

4) Is Water In Channel And >48 Hrs. Since          0           .5                            1                                1.5 

    Last Known Rain? (*NOTE: If Ditch Indicated In #9 Above Skip This Step And #5 Below*)     

5) Is There Water In Channel During Dry            0  .5    1          1.5      

    Conditions Or In Growing Season)?               

6) Are Hydric Soils Present In Sides Of Channel (Or In Headcut)?           Yes=1.5            No=0   

SECONDARY HYDROLOGY INDICATOR POINTS:______ 

 

III. Biology             Absent            Weak          Moderate                 Strong  
1) Are Fish Present?           0   .5     1         1.5     

2) Are Amphibians Present?          0   .5     1         1.5    

3) Are AquaticTurtles Present?          0   .5     1         1.5   

4) Are Crayfish Present?           0   .5     1         1.5     

5) Are Macrobenthos Present?          0   .5     1         1.5          

6) Are Iron Oxidizing Bacteria/Fungus Present?     0   .5     1         1.5    

7) Is Filamentous Algae Present?              0    .5     1         1.5            

8) Are Wetland Plants In Streambed?    SAV       Mostly OBL      Mostly FACW      Mostly FAC    Mostly FACU  Mostly UPL 

 (* NOTE: If Total Absence Of All Plants In Streambed         2               1                       .75                       .5                    0              0        
 As Noted Above Skip This Step UNLESS SAV Present*).           

SECONDARY BIOLOGY INDICATOR POINTS:______ 

 

TOTAL POINTS (Primary + Secondary)  =      (If Greater Than Or Equal To 19 Points The Stream Is 

At Least Intermittent) 

 

 

Notes:
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Appendix 3 

 

SAS Code 
 

/***********************\ 

| David Carr  | 

|   jdcarr2@ncsu.edu    | 

|  dcarr@earthsat.com   | 

|    | 

\***********************/ 

 

ods listing close; 

ods rtf file='my documents/thesis/ods_output' 

 

title 'SAS Analysis of'; 

 

data ahydro_dem; 

set thesis.ahydro_dem; 

difference_distance = sqrt((x1-x2)**2+(y1-y2)**2);    

run; 

 

proc means data = ahydro_dem n mean stddev stderr clm min max; 

var difference_distance; 

title2 'ArcHydro Processed 30-meter DEM'; 

run; quit; 

 

 

data ahydro_lidar; 

set thesis.ahydro_lidar; 

difference_distance = sqrt((x1-x2)**2+(y1-y2)**2); 

run; 

 

proc means data = ahydro_lidar n mean stddev stderr clm min max; 

var difference_distance; 

title2 'ArcHydro Processed 2-meter LIDAR'; 

run; quit; 

 

data dlg; 

set thesis.dlg; 

difference_distance = sqrt((x1-x2)**2+(y1-y2)**2); 

run; 

 

proc means data = dlg n mean stddev stderr clm min max; 

var difference_distance; 

title2 'DLG Derived Stream Origins'; 

run; quit; 

 

data drg; 

set thesis.drg; 

difference_distance = sqrt((x1-x2)**2+(y1-y2)**2); 

run; 

 

proc means data = drg n mean stddev stderr clm min max; 

var difference_distance; 

title2 'DRG Derived Stream Origins'; 

run; quit; 

 

data stereo; 

mailto:jdcarr2@ncsu.edu
mailto:dcarr@earthsat.com
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set thesis.stereo; 

difference_distance = sqrt((x1-x2)**2+(y1-y2)**2); 

run; 

 

proc means data = stereo n mean stddev stderr clm min max; 

var difference_distance; 

title2 'Stereo Interpretation Derived Stream Origins'; 

run; quit; 

 

data taudem; 

set thesis.taudem; 

difference_distance = sqrt((x1-x2)**2+(y1-y2)**2); 

run; 

 

proc means data = taudem n mean stddev stderr clm min max; 

var difference_distance; 

title2 'Tau Derived Stream Origins for 30-meter DEM'; 

run; quit; 

 

data taulidar; 

set thesis.taulidar; 

difference_distance = sqrt((x1-x2)**2+(y1-y2)**2); 

run; 

 

proc means data = taulidar n mean stddev stderr clm min max; 

var difference_distance; 

title2 'Tau Derived Stream Origins for 2-meter LIDAR'; 

run; quit; 

 

ods rtf close; 

ods listing;
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Appendix 4 

Nomenclature Maps 
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Map 2
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Appendix 5 

 

Harris Research Tract Maps 
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Map 2
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Map 3
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Map 4
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Map 5
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Map 6
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Map 7
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Map 8
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Map 9
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