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Abstract 
 

 The Hofmann Forest is a self-sustaining forest that provides the North Carolina State 

University College of Natural Resources with support for research, education, and extension 

service.  The management of the Hofmann Forest requires data concerning historical records, 

complete and current resource inventory, and the ability to model future forest conditions.   

 A geographic information system (GIS) database was created for the Hofmann Forest in 1992 

to facilitate achievement of these data objectives.  The database was not maintained or used 

regularly.  Ongoing forestry research and silvicultural activities are constantly changing the 

resource conditions on the forest.  This research examined a practical and accurate method for 

maintaining currency in the GIS database.  Digital imagery was integrated into the original GIS 

database, and silvicultural records were used to update the existing data layers.   

 Digital orthophotography, in the form of USGS Digital Orthophoto Quarter-Quads (DOQQs), 

was the primary source of imagery, but where the imagery was unavailable or contained 

insufficient spatial detail, unrectified aerial photographs were scanned, registered, and substituted.  

For the vegetation data layer of the GIS, spatial and attribute updates were completed and 

evaluated for silvicultural operations covering over three thousand acres.  Some updates involved 

only changes in attributes.  Spatial updates were completed with the digital orthophotography or 

digital aerial photographs; of these, some updates involved fairly simple spatial editing and others 

involved more complex spatial editing.  The updates required the digital aerial photographs were 

all spatially complex edits.   

 Acreage estimates accompanied the silvicultural records.  GIS-derived area measurements 

were compared with those on the silvicultural records.  There was not a significant difference 

between the two measures of area, however some discrepancies were present.  A series of 

comparison tests were designed and performed to identify the potential elements of the area 

discrepancies.  Spatial complexity of the editing procedure, different sources of digital imagery, 

and size of updated vegetation polygons were all examined.  Degree of spatial complexity in the 

updates did not significantly contribute to area discrepancies.  There was no significant difference 

in area discrepancies when either the DOQQs or digital aerial photographs were used.  Size of the 

updated vegetation polygons was significantly negatively correlated with the discrepancies, 



showing that small absolute differences in area in small polygons result in large relative 

discrepancy values.   

 Differentially corrected global positioning system (GPS) data were used to assess the 

horizontal positional accuracy of the GIS data layers.  Following National Map Accuracy 

Standard (NMAS) guidelines, a sample of 25 “well-defined” locations were collected using a 

Trimble GPS Pathfinder ProXR receiver with real-time differential correction capabilities.  These 

same locations were identified on the Roads layer of the GIS database, the DOQQs, and the 

digital aerial photography.  Root mean-square error (RMSE) was calculated for each of the 

different data layers, using the GPS data as reference locations.  Only the DOQQ-derived points 

met the NMAS Class 2 horizontal positional accuracy standard.  RMSE for the aerial 

photography and Roads layer were greater than the limiting RMSE for the NMSE Class 3 

standard.  Based on these results, it can be concluded that DOQQs possess greater horizontal 

accuracy than the digital aerial photography and are the preferred imagery source for the on-

screen digitizing.  Should greater resolution be required for a database update, orthorectification 

of the digital aerial photography could be used to correct horizontal positional errors.  Recently, 

software packages have become available to orthorectify aerial photographs effectively and 

affordably. 

 The presence of extraneous features in the vegetation layer of the GIS database almost 

certainly contributes to the area discrepancies.  Features such as windrows, fire ponds, and 

logging decks are included in vegetation polygon area but not silvicultural record area estimates.  

Future database improvements should consider subtracting these features (and their associated 

areas) from the vegetation layer and creating separate database layers for each type of feature.   

 A methodology report was developed to accompany the GIS database as a reference for 

future updating.  Continuous maintenance of the Hofmann Forest GIS database is necessary to 

provide timely information for on-site forest managers and research activities, and to preserve an 

account of forest conditions that may be useful in present and future management decisions.  On-

screen digitizing with integrated digital imagery proved to be a feasible method for updating and 

maintaining the Hofmann Forest GIS database. 
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Introduction 

 

 The Hofmann Forest is a 32,000-hectare (79,000-acre) self-sustaining forest managed by the 

North Carolina Forestry Foundation, Inc.  The forest provides the North Carolina State University 

(NCSU) College of Natural Resources with support for research, education, and extension 

service.  Three principles guide the management of this forest:  

1) “Analyze the economic viability of forest management practices. 

2) “Maintain or improve overall soil productivity and the quality of air and water, on 

and/or flowing from, the forest. 

3) “Monitor and report on the impacts of ongoing silvicultural practices on air, water, 

and soils; continually investigating alternative methods and reporting on their impacts 

and economic returns, while adhering to all applicable federal and state laws” (Catts 

1995).   

 These principles require the preservation of historical records, a resource inventory that 

represents present forest conditions, and the ability to model future resource status.  To provide 

these management data resources, a geographic information system (GIS) was developed and 

implemented for the Hofmann Forest.  A GIS is defined as “a means of storing, retrieving, 

analyzing, and displaying spatially related sets of resource data so as to provide management 

information or to develop a better understanding of environmental relationships” (McCloy 1995).   

 The Hofmann Forest GIS database was constructed at the NCSU College of Forest Resources 

Computer Graphics Center (now College of Natural Resources Center for Earth Observation) for 

the Hofmann Forest in 1992.  A base map of roads was digitized from United States Geological 

Survey (USGS) 7.5-minute orthophoto quadrangles and Hofmann Forest survey maps.  Land 

cover and forest types were interpreted from large-scale color infrared aerial photography and 

matched to the base map with a zoom transfer scope.  As information became available, other 

data layers were assembled and digitized (Khorram and Cheshire 1992).   

 The Hofmann Forest GIS database has facilitated access to forest records and served as a 

means to demonstrate advanced forest management to NCSU students and extension participants.  

Also of note, the comprehensive Hofmann Forest Management Plan in use today was based upon 

information extracted from the GIS (Catts 1995).  
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Problem Statement 

 The Hofmann Forest provides forest resources for research and financial support.  These 

changing resource conditions require regular inventory.  Throughout the year, different forest 

management areas are burned, cleared, or planted, and new roads, ditches, or culverts are created.  

To keep record of these changes and provide current and effective information for managers, the 

GIS database must be continuously updated.  Prior to this project, only a few hand-drawn 

hardcopy maps were used to represent current and historic forest conditions.  With no quick or 

simple method for incorporating the hand-drawn maps into the GIS database, its usefulness was 

precluded in the span of several years since its development.  Procedures for revision and 

maintenance of the GIS must be developed for its forest resource management potential to be 

realized. 

 A study by Skalet, Lee, and Ladner examined a method for updating and improving a GIS 

database (Skalet et al. 1992).  Their research integrated digital orthophotographs into the 

database, and used on-screen, or “heads-up”, digitizing to revise the spatial and attribute 

information.  This process allows a user to create, delete, or edit GIS features by tracing directly 

on a GIS data layer drawn over a detailed image.  No digitizing tablet or planimetric base maps 

are required.  Using digital orthophotographs for Waukegan, Illinois, the authors captured line 

and polygon features such as trails, ponds, and timber stands.  The study concluded that the on-

screen digitizing method was practical and accurate, and that digital orthophotographs are an 

adequately detailed, cost-effective imagery source.  Overall, the on-screen digitizing method 

requires fewer resources, in terms of hardware, software, and personnel-hours, than the 

conventional method of recreating a GIS data layer as its information changes (Pries 1995). 
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Literature Review 

 This literature review addresses the application of integrating GIS, remote sensing, and 

Global Positioning System (GPS) technologies for managing natural resources.  Examples of 

projects using on-screen digitizing techniques to maintain or update GIS databases are discussed. 

   

Integration of GIS, Remote Sensing, and GPS Technologies  

 Addressing natural resource issues requires that the methods used allow flexibility in data 

sources and analysis.  Environmental phenomena may be discrete or continuous.  GIS vector and 

raster data types can be integrated to describe, display, and analyze discrete and continuous 

environmental conditions.  For example, public land managers need spatial information to 

monitor natural features within their jurisdiction.  These features can include lakes, rivers, and 

forests.  Features buffering natural areas such as roads, cities, or agricultural lands may also be of 

importance to the land managers.  Including all of these features in a GIS provides land managers 

with a more comprehensive view of the landscape. 

 As described by Hinton in GIS and Remote Sensing Integration for Environmental 

Applications, there are three levels of integration within a GIS (Hinton 1996).  Separate GIS and 

image-processing environments, between which data can be exchanged, define the first level.  

The second level, which Hinton states has been reached, is characterized by separate GIS and 

image processing modules that are linked through common displays and interfaces (e.g., ESRI 

Arc/Info).  The final level of integration will not be achieved until all data handling can be done 

within one program.  Multiple data formats must be available for analysis and exchange between 

multiple platforms.  Traditional GIS analysis and image processing techniques must be merged.  

Statistics from multi-spectral imagery could be examined to detect changes in land cover, and the 

polygons that represent the changed areas on a GIS data layer automatically updated (Hinton 

1996).  The real goal is to create an integrated information system with combined GIS and remote 

sensing capabilities exceeding those of any two individual programs. 

 With the increased accessibility of digital imagery and the refinement of geographic 

information software, the potential of a “GIS/Global Positioning System (GPS)/remote sensing 

mapping triad” is being realized (Berry 1995).  A disparity between the capabilities of the 

technology and the users has prevented this synergy in the past.  Software developers have 

focused on advanced functionality while end-users have avoided complex programs that provide 

too much technology with great costs and efforts.   

 The integration of field data via GPS and remotely sensed data in a GIS guides human 
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cognition into the system.  Users recognize real-world features on an imagery backdrop or recall 

sites where GPS measurements were collected.  These supplementary data sources complement 

the available information while simplifying its presentation – if integration is done thoughtfully 

and efficiently. 

 The “mapping triad” must be fully interchangeable.  Data formats must be compatible, and 

applications must recognize and analyze the different sources of geographic input in similar ways.  

Design components essential to users must not be neglected if the progress towards integrated 

geographic information systems is to continue. 

Remotely sensed imagery is essential in an integrated GIS.  Imagery is arguably the most 

expensive component of a GIS.  Digital imagery provides an economy of scale, allowing data 

acquisition and analysis for large areas (Green 1992).  Image quality has improved: sources have 

diversified, and spatial and spectral details have increased.   

 Image maps, such as digital aerial photography, are an example of effective integration of 

GIS and remotely sensed imagery (Green 1992).  Digital imagery represents features of the 

landscape realistically.  Accurate coregistration of GIS data layers and imagery is crucial.  The 

combination supplies more usable information than either product provides individually. 

 Commercial satellite imaging will soon produce a new generation of detailed digital imagery.  

One-meter spatial resolution will allow the new products to compete in markets where large-scale 

aerial photographs have dominated. One source of high-resolution imagery already available is 

the USGS Digital Orthophotograph Quad, or DOQ.  DOQs provide more spatial detail that any 

other available digital image format, and DOQs meet strict National Map Accuracy Standards 

(Carlson and Patel 1997).   

It has been suggested that this accuracy makes a DOQ a suitable reference against which 

other datasets may be compared.  This may eliminate registration problems and expedite the 

integrated GIS (Carlson and Patel 1997).  Currently, as in this project, DOQs are very useful for 

updating vector GIS layers.  One impediment to their application is file size.  As digital imagery 

becomes more obtainable, integrated GIS software may strive to resample images and provide 

optimal output resolution (Carlson and Patel 1997). 

 The roles of USGS digital orthophotographs in the GIS community are twofold: a high 

quality map product and a source of revision for planimetric data.  Revision from digital 

orthophotos offers several advantages, including relatively small data files, simple processing 

requirements, and diverse software and hardware support (Skalet et al. 1992).   

 The USGS has made digital revision a priority because of its economy and the growing 
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demand for data currency and quick transfer.  GIS user interfaces that integrate vector and raster 

data display allow digital orthophotos to serve as detailed, accurate backdrops for vector data 

revision (Skalet et al. 1992). 

 An integrated GIS was developed for the U.S. Department of Energy’s Savannah River Site 

(Cowen et al. 1995).  The intent of the GIS was to manage the geographic data collected there, 

while allowing scientists on site to use the most contemporary technology in their analysis of the 

data.  The environmental nature of the research demanded a remote sensing component in the GIS 

database, and the diverse interests and abilities of the user community required a streamlined 

interface.  The functions required of the GIS included browse, query, display, and modeling.  

Sophisticated functionality was not required of the GIS, therefore software selection focused on 

interface design and data integration.  ESRI ArcView was chosen because of its simple 

structure and wide range of acceptable data inputs—including several raster data formats.  

Remotely sensed data (SPOT) were available for analysis and aerial photographs provided 

positional orientation. 

 Another design objective of the Savannah River Site GIS was the inclusion of a bibliographic 

search system.  This way, the location and content of research studies conducted on the site could 

be linked to relevant geographic features.  Documents, images, videos, and other data were 

connected to different features and layers with ArcView’s “Hot Link” tool and its programming 

language, Avenue.  Environmental modeling functionality was added with Avenue-based remote 

procedure calls to Arc/Info.  In this way, the analytical capabilities of ArcView were 

augmented without increasing the load on individual users. 

 The final Savannah River Site GIS was more powerful than its initial plans alluded to, 

supporting more data formats, providing customized user interfaces, and allowing relatively 

complex spatial analysis.  Data layers in the final GIS included digital elevation, groundwater 

monitoring wells, transportation networks, and digital aerial photography.  Managers of the site 

used the system to facilitate land use planning, design, and decision making (Cowen et al. 1995).  

This system has demonstrated how geographic information and remote sensing systems are 

evolving to match user needs with available geospatial resources and capabilities. 

 To move forward even further, the amount of coupling between GIS and peripheral 

applications must continue to increase.  A greater degree of integration may be reached by 

allowing different data formats to be used in conjunction, without translation.  A similar 

advancement might result from a system where attributes can be maintained in any database and 

still be linked to the spatial data displayed in that system (Hinton 1996). 
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 GIS, remote sensing, and image processing, as resource management tools, are advancing as 

computer technology gains acknowledgement and acceptance.  The presence of computers in 

everyday life has shifted the majority of applications from programmers and system 

administrators to those using computers as a tool, the end for which the means was intended.  

This transfer creates more work for developers.  However, information systems, in order to meet 

the array of user skills, need to provide access and more intuitive and facile interfaces.  The 

industry is meeting this challenge, but possible improvements are still abundant (Hinton 1996). 

 Several GIS and image processing packages incorporate multiple spatial and attribute 

analysis tools.  Although available, some are confusing to locate, much less utilize.  Including a 

flowchart of tasks required for a specific analysis and the software tools capable of completing 

each task might identify options and distinguish different tools.  Also absent from current GIS 

and remote sensing software are advanced statistics (Croft and Kessler 1996).  Spatial 

relationships can be created and presented, but descriptions are often limited to attribute 

summaries.  Testing these relationships for significant differences or correlation would ultimately 

produce more useful, reliable information. 

An integrated GIS requires not only a complex suite of analytical and cartographic tools but 

also detailed design plans.  The goal of a GIS is to provide its users with an efficient means of 

interaction with spatial information (Gould 1994).  Its design, therefore, requires input and 

feedback from the user community.  Hermeneutics is a design philosophy that calls on GIS 

developers to question the structure of current systems and explore alternatives that rely upon 

user surveys.  It is “inquiry based on constrained subjective interpretation rather than objective 

explanation” (Gould 1994).  Hermeneutic design might advance GIS on its path towards 

integration because user needs have precedence.  More attention is focused on the issues that the 

GIS are intended to manage.  The fundamental components of a GIS might not change, but its 

capabilities and graphical user interfaces will be better suited for specific researchers and 

applications. 

 Integrated GIS applications in forestry are plentiful.  For decades, forest managers have been 

using aerial photography to identify stand boundaries, mark areas targeted for silvicultural 

operations, and designate timber sale areas.  The advent of digital imagery, particularly color 

infrared photography and multi-spectral satellite imagery, has made GIS more appealing to the 

forestry profession, and with favorable results.  “Keeping forest data in a GIS offers numerous 

advantages, most importantly the ability to perform complex analysis using a number of spatial 

data sets to address complex ecological questions” (Johnston et al. 1997).  
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 Extracting information from digital photography or imagery is generally more automated and 

quicker than traditional air photo interpretation (Johnston et al. 1997).  Johnston, Weigel, and 

Randolph compared pine stands classified on a Landsat Thematic Mapper image with those 

delimited from the interpretation of aerial photographs.  Agreement between the two techniques 

was 76 percent overall, with varying results for pine and broadleaf forest types (Johnston et al. 

1997).  The research did not allow for field verification, without which the true accuracy cannot 

be assessed.  However, the agreement between the two techniques led the researchers to conclude 

that remotely sensed image, in the context of an integrated GIS, is an acceptable method for the 

classification of forest data. 

 Pacific Meridian Resources and NASA have a project entitled the Earth Observations 

Commercial Applications Program (EOCAP).  Its goal has been to examine the potential of a 

commercial integrated GIS/digital image-processing package (Green et al. 1994).  Making this 

technology more available increases the number of possible users and applications.  For example, 

Pacific Meridian developed a GIS for the metropolitan area of Portland, Oregon in order to 

analyze the amount and extent of land use change.  The GIS aided the measurement of forest gain 

and loss and provided updated land use maps for planning officials (Green et al. 1994). 

 Transferring the technology begins with better problem definition.  Using this information 

and user feedback, GIS developers can expect expanded markets, greater product awareness, and 

ultimately, increased user familiarity and comfort with the integrated technology (Green et al. 

1994).   

 

On-Screen Digitizing 

 On-screen digitizing was used to manage forest vegetation maps for the Mendocino National 

Forest in California.  Specifically, forest managers needed to create burn intensity maps related to 

watershed rehabilitation projects in the Forest.  A burn intensity map measures the severity of the 

impact on the forest ecosystem.  The maps were traditionally created through a combination of 

field measurements and aerial sketch mapping.  Completed maps are used to diagnose and treat a 

watershed emergency, where soils must be stabilized.  The efficiency and effectiveness of a 

rehabilitation effort is often reliant upon the quality of a burn intensity map (Lachowski et al. 

1997). 

 In the Middle Creek watershed of the Mendocino National Forest, a digital camera and GPS 

were mounted on a small airplane and used to collect photos and coordinates of burned areas.  

Using the digital photography as a backdrop and other necessary digital data sources (e.g., soil 
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type, topography), areas with different burn intensity values were delineated manually on-screen 

in a GIS.  This new technique resulted in a burn intensity map with a twenty percent improvement 

in accuracy over one generated for the same area using the former tools and methods (Lachowski 

et al. 1997).  In addition, critical rehabilitation areas were identified almost immediately, and 

potential erosion and runoff were calculated quickly within the GIS.   

 Another illustration of integrated GIS and remotely sensed data was the updating of road 

networks in South Carolina using on-screen digitizing.  The South Carolina Land Resources 

Conservation Commission (LRCC) purchased SPOT satellite imagery and TIGER road files.  

Using an ERDAS raster-based image processing and GIS program, the two data sources were 

rectified, the imagery was geometrically corrected to remove distortion, and the image 

interpretation began.  New roads were added to the TIGER files with on-screen digitizing, and 

incorrectly placed roads were moved.  The new road maps were current and very accurate, with 

errors no more than half the distance required by the National Map Accuracy Standards for maps 

at that scale (1:100,000) (Lacy 1992). 

 A digital aerial photography system was created for Algonquin Gas Transmission Company, 

a pipeline company in Massachusetts, to eliminate its difficult, error-prone method of recording 

pipeline corridors (Wilson 1995).  Corridor locations and descriptive information from surveyors, 

construction crews, and others were recorded on paper maps or traced onto aerial photograph 

prints.  Eventually, the information was translated into a digital format for presentation and 

preservation.   

 Algonquin wanted a more organized, accurate method, so it examined an integrated GIS that 

included digital aerial photography.  The cost of the GIS had to include regular monitoring of the 

pipelines via new photography collection.  A digital camera and a GPS receiver collected position 

measurements and photographs concurrently.  The result was a high-resolution, georeferenced 

sequence of digital photography on which pipeline corridor locations could be recorded and 

updated.  Compared to the previous hard copy methods, the integrated, on-screen digitizing 

method was more efficient and provided more measuring and spatial modeling capabilities 

(Wilson 1995). 

  

Spatial Data Accuracy 

 Integrating multiple geospatial datasets into a GIS incurs the difficulties associated with any 

integration of data from multiple sources.  The process of integration within a GIS involves data 

creation, acquisition, processing, analysis, and conversion.  Errors that occur in any of these steps 
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are transferred to each subsequent step and to final GIS outputs.  Sources of error are abundant 

and range from variability in a remote sensor to the effects of unintended “sliver” polygons on the 

results of some spatial analysis (Lunetta et al. 1991).   

 Spatial data creation and maintenance are perhaps the largest investment involved in a GIS.  

High quality data must have positional and attribute accuracy.  Procuring and preserving accurate 

data is worthwhile to any GIS operation, for the products that are created and the decisions that 

are derived. 

 Spatial data manually digitized from paper maps may be filled with error from various 

sources.  Errors may accumulate in field surveys, paper maps, or the digitizing process.  Data 

digitized from 1:24,000 scale maps have reported RMSE ranging from approximately 6 to 16.75 

meters (20 to 55 feet).  Uncorrected large-format aerial photography (9 inch), from which land 

cover and land use are frequently interpreted, has reported RMSE of 3 to 15.25 meters (10 to 50 

feet) (Bolstad and Smith 1992). 

Aerial photographs are often scanned to provide a digital imagery source for a GIS database.  

Photographic paper is more susceptible to the effects of humidity than film, and photographic 

prints are therefore more likely to expand and become distorted (Pries 1995).  Furthermore, aerial 

photographs, on film or paper, have inherent distortions that result from terrain relief, camera tilt, 

and sensor inconsistencies.  If terrain relief is significant enough to cause feature displacement 

and positional and/or area distortion, the photographs should be orthorectified.   

Rectification attempts to remove distortion by shifting the locations of image features to 

match those of a corresponding coordinate system (Smith and Atkinson 2001).  Different 

algorithms can be applied to rectify datasets.  Often times, an affine transformation model, e.g., 

least-squares regression) is used.  In an affine transformation, straight and parallel lines are 

preserved, but distances between points and angles between lines may be altered (Smith and 

Atkinson 2001).   

Orthorectification is a specific method of rectification that not only aligns coordinates but 

also corrects variations in scale across the image that result from differences in terrain or tilt in a 

camera or sensor.  Orthorectification requires reference data containing northing, easting, and 

elevation positions (Novak 1992); frequently, a digital elevation model or GPS locations are 

applied.  Distances or areas can be accurately measured from an orthorectified image.  

Orthorectified aerial photography (e.g., orthophotos or digital orthophotos) has reported RMSE 

ranging from 0.15 to 1.5 meters (0.5 to 5 feet) (Bolstad and Smith 1992). 

Alternatively, triangular irregular networks (TIN) are constructed from elevation data.  TIN 
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coordinates are linked to control points in the dataset to be rectified.  Elevation information 

assists in the transformation of the image coordinates and a distortion-free image is produced 

(Pries 1995). 

 An important expectation of integrated GIS is improved accuracy.  Differentially corrected 

GPS data have had reported RMSE range between 1.5 and 4.5 meters (5 and 15 feet) (Bolstad and 

Smith 1992).  This is a marked improvement over that of conventionally map products such as 

the USGS 7.5 minute quadrangle sheet, for which RMSE is approximately 12 meters (40 feet) 

(Foster 1993).  GPS data are thus important reference data sources for an integrated GIS.  A great 

deal of research into the applications of GPS for natural resource management has been 

completed, and a consensus has been reached: differential GPS will meet the long-term needs of 

highly accurate spatial data (Lange 1997). 

Differentially corrected GPS data will have almost no bias and very low noise (Lange 1997).  

Bias is a constant error that affects accuracy with respect to truth.  Noise is random, often quicker, 

fluctuation in GPS positions that may prevent high repeatability.  GPS control points can be used 

to register manually digitized data layers, resulting in a spatial database with higher overall 

positional accuracy.  GPS control points can be used to rectify aerial photographs and satellite 

images as well.  When a sufficient number of equally distributed GPS points is collected for an 

area of interest, those points can be tied to features recognizable on associated imagery.  The 

imagery can be shifted and reshaped to more closely match the more accurate, precise GPS point 

locations.   

 Additionally, entire feature layers can be created from GPS.  Points, lines, and polygons can 

be constructed from GPS points.  While in the field, feature descriptions and information from 

monitoring equipment can be recorded, saving time and reducing potential errors in data 

transcription (Foster 1993). 

 Error acknowledgement and reduction is necessary if GIS are to become more widely 

accepted and applied.  Beyond this, any remaining error – as there will always be error – must be 

communicated to those using the data and to those using information products derived from the 

data.  Simple statistics could estimate error in GIS feature geometry.  Several studies have 

calculated GIS polygon area variance estimates based on x- and y-coordinate relationships and 

autocorrelation assumptions (Prisley and Smith 1991).  These error estimates have been applied 

to assess the variability in timber volumes that results from spatial imprecision.  A standard 

deviation of value was eight percent of the total timber value.  Forest resource management 

would be wise to contribute equal efforts to refining per-area volume estimates and improving 
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map precision (Prisley and Smith 1991) 

 In his book Resource Management Information Systems, McCloy (1995) has suggested that 

GIS have several utilities.  A range of spatial data is available to managers and decision-makers.  

Socioeconomic characteristics (e.g., census blocks), hydrological features (e.g., rivers), vegetative 

land cover (e.g., forests), and transportation networks (e.g., highways) are mapped over space and 

time.  Individual decisions require different subsets of this information, and overlap in the data 

subsets produce a need for GIS.   

 GIS contribute decision-making information in ways that traditional resource management 

practices cannot.  For instance, spatial models can predict potential impacts of management 

alternatives.  Developing trends can be interpreted from GIS data.  The variety of spatial and 

attribute data available for GIS applications allows cross-discipline examination of management 

plans and their possible outcomes.  GIS not only provide accurate and reliable decision-making 

information – they also indicate where fieldwork validation is needed.  The development and 

implementation of a GIS should always establish a compromise between theoretical precision and 

practical simplicity (McCloy 1995). 

 

 11



Objectives 

 

The overall objective of this research project was to examine imagery integration and on-

screen digitizing as a method of updating and maintaining a forest management GIS.  The first 

step of the project was to determine what combination of software, data resources, and techniques 

would most effectively update the Hofmann Forest GIS and maintain an accurate account of 

forest conditions.  In addition, the original database was updated to include post-1992 forest 

resource changes.  Finally, a procedure for routine GIS updates by the NCSU Center for Earth 

Observation was developed and implemented.   
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Materials and Methods 

 

Study Area 

The study area for this project is the Hofmann Forest, a property owned and managed by the 

North Carolina Forestry Foundation, Incorporated.  The Hofmann Forest is approximately 32,000 

hectares (79,000 acres) in size and is located on the common border of Jones and Onslow 

Counties, in the coastal plain of North Carolina (35°02’ N, 77°30’ W to 34°47’ N, 77°15’ W; 

Figure 1). 

Hofmann Forest

1 0 1 2 Miles

2 0 2 4 Kilometers N

Figure 1.  Hofmann Forest location map 

 

 Topography of the Hofmann Forest is relatively flat, with a drop in elevation of one foot per 

mile, on average, from the northwest boundary at 18.29 meters (60 feet) above sea level to the 

southeast boundary at 13.72 meters (45 feet) above sea level (Overby 1995).   
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 Soils of the forest range from poorly drained organic soils, i.e., peat deposits, to dry mineral 

soils, determined mainly by the degree of wetness (Catts 1995).  The dominant soil types are 

Croatan muck (53%), Pantego loam (20%), Torhunta fine sandy loam (11%), and Rains fine 

sandy loam (10%) (Appendix Section 3.2). 

 There are two major natural vegetation communities on the Hofmann Forest: evergreen 

shrub-scrub and mixed evergreen broadleaf and needleleaf taxa.  Natural communities comprise 

nearly fifty percent of the forested areas of the tract.  The dominant natural vegetation 

communities are pocosins.  High pocosins (referring to the relative canopy height) are 

characterized by Pond pine (Pinus serotina) and bay species such as Sweetbay (Magnolia 

virginiana).  Low pocosins are comprised of stunted Pond pine, Honey cup (Zenobia 

pulverulenta), evergreen and deciduous shrubs, woody vines, and other herbaceous plants.  Also 

found on the forest are communities such as natural Loblolly pine (Pinus taeda), Blackgum 

(Nyssa spp.) - Cypress (Taxodium spp.), Sweetgum (Liquidambar styraciflua) - Red maple (Acer 

rubrum) - Willow (Salix spp.), and mixed pine and hardwoods.   

 Much of the tract (approximately 31 percent) has been planted in Loblolly pine (Pinus taeda), 

with smaller areas of planted Pond pine (Pinus serotina), Longleaf pine (Pinus palustris), Slash 

pine (Pinus elliottii), and Atlantic white cedar (Chamaecyparis thyoides) (Catts 1995) (Appendix 

Section 3.1.3). 

  

Original GIS Database 

 A copy of the original Hofmann Forest GIS database, in Atlas DOS format, was obtained 

from Drs. Carlyle Franklin and Glenn Catts of the NCSU Woodlot Forestry Program.  The 

original GIS database included the following data layers: 

• Boundary: Property boundary of the Hofmann Forest 

• Blocks: Geographic groups of Forest Management Units 

• Ditches: Locations and names of drainage ditches on the Hofmann Forest property 

• Forest Management Units: Boundaries of management units established and  

maintained by the Hofmann Forest (FMU) 

• Roads: Locations and names of roads on the Hofmann Forest property 

• Soil series 

• Streams/Outlets: Locations and names of perennial streams and outlets 

• Vegetation: Hofmann Forest Vegetation Classification Scheme classes and  

descriptive names (Appendix Section 3.1) 
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 The original coordinate system and reference datum of the Atlas Geographic files could not 

be determined because of lack of metadata or data processing history.  The Atlas files were 

translated to ESRI Shapefiles™ and examined with other GIS files of known projection and 

coordinate systems until a common coordinate system was identified.  All files in the original GIS 

database were referenced to the North American Datum (NAD) of 1927 in the Universal 

Transverse Mercator projection, zone 18, with map units in meters.  

 Although the GIS database contained layers for ditches and roads on the Hofmann Forest, 

these features were represented as lines, not polygons.  For different applications, line topology 

may be sufficient to locate features and calculate distances.  In this instance, the actual areas 

occupied by ditches and roads within a stand were not adequately represented.  This was 

corrected by buffering the ditches layer with a distance of 1.83 meters (6 feet) and the roads layer 

with a distance of 18.29 meters (60 feet).  This extra processing step more appropriately 

represented the forest areas with the GIS database. 

  

Hofmann Forest Silvicultural Records 

 Sketch maps recording changes in forest conditions, ditches, and roads to be integrated into 

the GIS were collected from Butch Blanchard and Jerry Nobles, management contractors for the 

Hofmann Forest.  Changes in forest conditions included silvicultural activities such as harvesting, 

planting, fertilizing, bedding, or prescribed burning.  A typical change involved cutting, tree 

planting, and some form of site preparation.  All silvicultural practices were focused at the FMU 

level.  FMUs are land units defined by some combination of roads, ditches, or stand boundaries.  

 In Figures 2 and 3, FMU 812 is shown as it was represented by the original Hofmann Forest 

GIS database, including its vegetation classes, and as it is sketched on the silvicultural record.  

Figure 2 shows that, in the original GIS database, the stand within FMU 812 adjacent to Jim Huff 

Road and Air Strip Road was cut-over.  The notes on the silvicultural record indicate that since 

1993, the stand had been planted in Loblolly pine.  This information indicates that an attribute 

edit for this stand is needed (i.e., updating its vegetation type from cut-over to pine plantation). 
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Figure 2.  GIS representation of FMU 812 in the original database 
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Figure 3.  Sample silvicultural sketch map showing changes made to a portion of FMU 812 
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Aerial Photography 

 Large-scale (target 1:15,840) black and white Weyerhaeuser aerial photography from the 

years 1984 and 1994 accompanied the sketched silvicultural records.  Photographs needed to 

complete updates were scanned into digital format with a resolution of 300 dots per inch. Each 

digital aerial photograph was registered to the roads layer of the original GIS database using the 

ESRI workstation Arc/Info (version 7.0.4) registration process (Appendix Section 2.3.2).  

Registration involved matching features recognizable on the photographs (e.g., road intersections) 

to corresponding locations on the roads layer.  Once an adequate number of points are selected 

and “linked”, the photograph is registered to the vector data layer.  This step improved the 

alignment between the digital photographs and the GIS layers.  The root-mean-squared error 

(RMSE) of the registration was less than five meters for any of the aerial photographs, complying 

with National Map Accuracy Standards for maps of scale 1:20,000 or larger (USGS 1996b).  

RMSE is a measure of average total offset distance between control point locations and those 

locations as predicted by the coordinate transformation model applied (Smith and Atkinson 

2001). 

 

Digital Orthophoto Quarter Quads 

 Digital orthophoto quarter-quads (DOQQs) were the primary source of imagery for the 

project.  A DOQQ is a National Aerial Photography Program (NAPP) aerial photograph that has 

been rectified using a digital elevation model and photographic parameters to minimize distortion 

caused by terrain displacement and discrepancies in the sensor and /or camera.  These corrections 

give a DOQQ the geometric qualities of a map.  As a result, positions, lengths, and areas can be 

measured directly (USGS 1996b).  

 The Hofmann Forest DOQQs were acquired from the National Mapping Division of the 

USGS.  DOQQs created from 1993 NAPP photographs were available for almost all of the 

Hofmann Forest, including the following USGS 7.5-minute quadrangles: Jacksonville Northwest, 

Jacksonville Northeast, Jacksonville North, Kellum, Phillips Crossroads, and Trenton.  Each 

DOQQ covers 3.75 minutes of latitude and 3.75 minutes of longitude. The spatial resolution of a 

DOQQ is one meter, and the target scale of a DOQQ is approximately 1:40,000, based on NAPP 

photography (USGS 1996b).  The DOQQs are referenced to the North American Datum of 1983, 

in the Universal Transverse Mercator projection.  For this project, the datum of the DOQQs was 

transformed to the 1927 North American Datum.  These coordinates are included in the DOQQ 

header along with the NAD information.  Each DOQQ is stored as a black and white band 

 17



sequential image, a file of approximately fifty megabytes in size (USGS 1996a). 

 Although the scale of a DOQQ is approximately 1:40,000, it must meet national map 

accuracy standards (NMAS) for 1:12,000 map products (USGS 1996a).  This means that no more 

than ten percent of “well-defined” points on the DOQQ may have more than 1/30th of an inch 

positional error.  This translates to 10.16 meters (33.33 feet) ground distance (Bolstad and Smith 

1992).  Because of this accuracy standard, studies have reported that DOQQs are geometrically 

correct, excellent bases for updating GIS data layers (Carlson and Patel 1997, Skalet et al. 1992).  

The high resolution and accuracy, coupled with evidence that DOQQs are useful for updating 

GIS data, convinced the researchers to include the available DOQQs in the Hofmann Forest GIS 

database. 
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Figure 4.  USGS 1:24,000 Quadrangles and the Hofmann Forest  
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Editing Process 

 In review, the original GIS database was developed from USGS orthophoto quad maps, aerial 

photography, and other available data sources.  Silvicultural operations on the Hofmann Forest 

have changed its forest conditions.  These changes were manually drafted onto paper maps, but 

were not incorporated into the original GIS database. 

 Data resources just described and the updating required of the original GIS database were 

complementary.  The conventional method of recording and storing changes on paper maps and 

digitizing them at a later time is inefficient and does not take advantage of the technology 

currently available (Wilson 1995).  An opportunity to forgo the traditional method of database 

revision for a more effective one was available with the image integration and on-screen 

digitizing method.  In the following paragraphs, the updating method is described in detail. 

 The first step of the editing process was selecting a GIS software package with the 

capabilities to complete the on-screen digitizing and integrate the digital imagery.  ESRI 

ArcView GIS (version 3.0) was chosen because of its ability to support different image 

formats, spatial editing functionality, and user-friendly, customizable interface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  ArcView GIS version 3.0 graphical user interface 
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 Updating of the original vegetation data layer began by organizing the original GIS database, 

silvicultural records, and digital photography.  First, the silvicultural records were closely 

examined for attribute content.  Attributes for the existing vegetation data layer consisted of area, 

perimeter, a polygon identification number, Levels I and II of the Hofmann Forest Vegetation 

Classification Scheme (Appendix Section 3.1), and a detailed description of the vegetation class.  

The silvicultural records included relevant information beyond these attribute categories.  

Additional items were added to the attribute table of the vegetation layer.  They included: the type 

of change being recorded (e.g., tree planting); the acreage affected by the change (as recorded on 

the silvicultural sketch maps); the year of post-planting fertilization, where applicable; comments 

(e.g., project number, contractor information, any pre-planting treatments); and the year a change 

was updated in the database, for data archiving purposes. 

 

Attribute-Only Edits 

Eight of the GIS database updates involved only attribute editing and had no spatial 

component.  For these updates, silvicultural operations had been performed on a forest stand 

without changing its size or shape.  Only the attribute content of the vegetation data layer had to 

be changed to represent current forest conditions.  For example, the database update for FMU 13 

consisted of changing the vegetation classification information for one of its stands from 

Plantation - Loblolly pine (Class 1.1) to Cut-over - Bare/Disturbance (Class 3.4) following a 

controlled burn in 1995.  The attribute-only edits were simple and required little time to complete. 

 

Simple Spatial Edits 

Most of the GIS database updates required spatial editing in addition to attribute 

modification.  For these updates, silvicultural operations had affected the size and/or shape of all 

or part of an FMU.  To update the GIS database, boundaries of the FMU were redrawn to 

represent its current dimensions.  To complete these edits, the vegetation data layer was overlaid 

with the digital imagery.  DOQQs were suitable if the change in forest condition was visible on 

the DOQQ (i.e., the change occurred before the DOQQ source photography was acquired) and 

the amount of detail was great enough to recognize the new forest stand polygons with 

confidence.  The DOQQs provided sufficient spatial resolution for all of the simple spatial edits.   

Each DOQQ was extracted as a Band Sequential (.bsq) file from a four-millimeter magnetic 

tape provided by USGS and brought into ArcView.  The original vegetation data layer, already in 

ArcView Shapefile format, was viewed in conjunction with the DOQQs.  Since the DOQQ 
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photography was collected post-1994, this overlay displayed the difference in area and/or shape 

between the originally digitized forest stand and its current condition.   

Actual editing involved in combining the two polygons required the elimination of arcs and 

nodes.  With ArcView, this could usually be accomplished by selected the polygons comprising 

the update and combining them into one larger polygon.  Typically, and edit involved two or 

more adjacent natural stands within one FMU that were clear-cut and replanted with one species 

of pine.  Those stand polygons would be combined into one, and their attributes changed to 

represent the new cover type, date of planting, and any other relevant details.  For example, five 

stands of natural mixed pine and hardwoods in FMU 7 were harvested, and their total area was 

replanted in Loblolly pine.  The spatially updated vegetation polygons in FMU 7 and a section of 

the DOQQ used to complete the edits are shown in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Vegetation polygon edits for FMU 7 

 21



Complex Spatial Edits 

 Several spatial edits required more polygon editing than simple combinations of polygons.  In 

these cases, spatial edits included addition, deletion, or repositioning of polygon arcs and vertices 

to change the shape and/or size of a modified forest stand polygon.     

 Complex spatial edits sometimes required more image detail than was available on the 

DOQQs.  If the resolution of a DOQQ could not provide enough detail for the user to differential 

between forest stands, a digital aerial photograph was used.  The scanning and registration 

process required for integrating the aerial photography was more time-consuming than that 

required for the DOQQs, but there were no additional differences in the spatial and attribute 

editing procedures for updates completed with DOQQs or digital aerial photographs. 

 The updates required for FMU 701 involved complex spatial edits (Figure 7).  In this case, 

silvicultural operations had converted site-prepped areas to Loblolly pine plantations.  Other 

stands within FMU 701 had been classified as natural regeneration areas in the original vegetation 

data layer, but had since been managed as Loblolly pine plantations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Vegetation polygon edits for FMU 701 
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ArcView stores the positional location of features, thus the feature geometry of a polygon or 

line, including area and perimeter or length, is updated after an edit is completed.  After 

completion of the spatial editing, there was some disagreement between the GIS-calculated areas 

of the updated polygons and the acreage figures recorded on the sketched silvicultural records 

(Table 1). 

FMU Type of Update Silvicultural GIS Acres Discrepancy Discrepancy
Number Map Acres as % Area

4 attribute only 88 105.81 -17.81 -20.24
7 simple - DOQQ 80 76.96 3.04 3.80

10 simple - DOQQ 83 88.02 -5.02 -6.04
13 attribute only 49 45.92 3.08 6.29

14a complex - photo 140 140.58 -0.58 -0.42
14b simple - DOQQ 64 61.19 2.81 4.39

16 attribute only 37 40.74 -3.74 -10.09
18a complex - DOQQ 36 31.59 4.41 12.24
18b complex - DOQQ 87 96.85 -9.85 -11.32
18c complex - DOQQ 25 23.42 1.58 6.31
20 complex - DOQQ 48 43.33 4.67 9.73

112 attribute only 112 131.18 -19.18 -17.13
114a complex - DOQQ 152 177.42 -25.42 -16.72
114b complex - photo 38 50.52 -12.52 -32.93

211 complex - DOQQ 63 84.35 -21.35 -33.88
307 simple - DOQQ 20 22.78 -2.78 -13.91
308 complex - photo 23 24.83 -1.83 -7.94

405a complex - photo 46 53.56 -7.56 -16.43
405b complex - photo 6 4.69 1.31 21.90

504 complex - photo 13 14.83 -1.83 -14.04
505 complex - photo 123 155.81 -32.81 -26.67
604 complex - photo 30 37.97 -7.97 -26.58
615 attribute only 128 149.82 -21.82 -17.05

701a complex - DOQQ 112 136.74 -24.74 -22.09
701b simple - DOQQ 62 78.26 -16.26 -26.22

803 attribute only 45 40.42 4.58 10.19
809 simple - DOQQ 129 152.97 -23.97 -18.58

812a complex - DOQQ 115 131.08 -16.08 -13.99
812b attribute only 104 112.39 -8.39 -8.06
813a simple - DOQQ 92 101.51 -9.51 -10.34
813b complex - DOQQ 62 59.06 2.95 4.75

902 complex - DOQQ 64 86.93 -22.93 -35.83
903a simple - DOQQ 139 188.02 -49.02 -35.26
903b complex - photo 61 79.20 -18.20 -29.84

908 attribute only 131 147.54 -16.54 -12.62
909 simple - DOQQ 37 44.86 -7.86 -21.24
910 simple - DOQQ 48 47.82 0.18 0.38

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.  Vegetation updates and area discrepancy values 
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 Thirty-seven updates were made to the vegetation data layer.  Of these, twenty-nine updates 

involved spatial editing with either a DOQQ or aerial photograph.  The appropriate imagery 

source was determined by first examining the DOQQ in conjunction with the original GIS 

database.  DOQQs were suitable if the change in forest condition was visible on the DOQQ (i.e., 

the change occurred before the DOQQ source photography was acquired) and the amount of 

detail was sufficient to confidently recognize new polygons.  Twenty spatial edits were completed 

with DOQQs.  Ten of the DOQQ-based edits involved fairly simple spatial editing (i.e., splitting a 

polygon or combining two polygons).  The remaining ten DOQQ-based edits were spatially 

complex: updating their shapes required simple spatial edits plus vertex addition, deletion, and 

adjustment.   

 Only nine spatial updates required digital aerial photographs.  For five of these photograph-

based updates, the changes in vegetation were not visible on the DOQQ because they occurred 

after the DOQQ photography was acquired.  The other four updates required photographs because 

the DOQQ resolution was too coarse to delineate the new polygon area.  All nine of these updates 

were spatially complex.  The average time to complete a spatially simple update was less than 

one hour.  Spatially complex updates required between one and two hours.  When a digital aerial 

photograph had to be substituted for a DOQQ, scanning and registering the photograph 

contributed an additional one or two hours to the average completion time.   

 

Area Discrepancy Comparisons 

 All completed edits, with areas for each in acres as recorded on the silvicultural map and as 

calculated for the GIS are listed in Table 1.  It was deemed appropriate to use acres as the unit 

measurement of area for these comparisons because the baseline areas, as derived from the 

silvicultural sketch maps, were recorded as acres.  The differences, or discrepancies, between the 

two area values are presented as absolute values (in acres) and relative values (as a percentage of 

map acres).  The discrepancy values ranged from less than 1% to greater than 35% of the 

silvicultural map areas.  The average area discrepancy was 11.50% percent of the polygon area.  

 Bolstad and Smith (1992) completed an assessment of the accuracy of spatial data layers 

derived from nine-inch aerial photographs; their study found that errors as a percent of polygon 

area ranged from zero to nine percent.  The GIS-calculated areas of attribute-only edits were not 

measured against this standard because there was no editing of polygon topology.  Of the twenty-

nine spatial edits, only nine (31.03%) were within the Bolstad and Smith accuracy range.   

 The digital aerial photographs and DOQQs reveal another questionable aspect of the 
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silvicultural map acreage estimates: there are multiple windrows, ditches, or other features that 

are present in several of the FMU areas that were updated in the GIS, but they are not recorded in 

the vegetation data layer or the silvicultural maps.  The Hofmann Forest management contractors 

acknowledged that windrow acreage is not consistently considered when FMU stand areas are 

appraised (Blanchard personal communication).   

 These features can be difficult to distinguish on some imagery and may not have been 

interpreted correctly when the original GIS database was constructed.  This excess acreage may 

have contributed to discrepancies in several of the updates, including those for FMUs 405a, 604, 

812b, 902, 903a, and 908.  Except for FMU 604, the aforementioned updates were attribute-only 

type edits.  In some FMUs, fire ponds and logging decks are visible on the digital imagery but 

have not yet been incorporated into the vegetation data layer of the GIS.  Acreage associated with 

these features may also contribute to area discrepancies between the GIS and silvicultural records. 

 A chi-square test was performed on the twenty-one spatial edits.  The chi-square test result of 

0.03 showed that the discrepancy between the GIS-calculated areas and the silvicultural map 

areas is not significant at the 95% confidence level.  Nonetheless, the effectiveness of the 

updating procedure and the potential applications of the resultant GIS data cannot be understood 

or validated without further investigation and explanation of the area discrepancies. 

The silvicultural sketch map dataset served as the benchmark for the vegetation attribute and 

polygon updates, but its accuracy or consistency is uncertain.  Hofmann Forest management 

contractors generated forest stand acreages using several different methods, including field 

measurements with a hip chain and wheel, dot grid calculations, and estimates from uncorrected 

aerial photographs (Blanchard personal communication).  It was not feasible to investigate all of 

these methods, but a simple dot grid estimate was practical.  A dot grid of 100 dots per square 

inch and aerial photographs were used to compute the acreage of a few of the vegetation polygons 

with relatively high area discrepancies between their GIS-calculated acreage and silvicultural 

map acreage (Table 2). 

 

FMU GIS Silvicultural Map Discrepancy Dot Grid
505 153.25 123 30.25 162.80
615 149.43 128 21.43 168.00
903a 184.37 139 45.37 158.80

 

 

 

 

Table 2.  Results of the dot grid comparison (in acres) 
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 A greater agreement between the dot grid calculations and the GIS calculated areas was 

observed, perhaps indicating that the GIS-derived areas are more accurate than those of the 

silvicultural records.  It is likely that the stand acreages derived from the various field methods 

are accurate; however, the corresponding sketch maps may not be an accurate spatial 

representation of the acreage estimates.   

 The consistency of the updating procedure was evaluated with a series of comparison tests 

designed to identify factors contributing to the area discrepancies.  First, elements of the editing 

process that may have been influenced by the nature of the data or user interaction were 

examined.  These factors included the size (area) of the vegetation polygons and the spatial 

complexity of the edits.  Next, components of the database were analyzed for their possible 

contributions to the discrepancy.  These factors included the DOQQs, digital aerial photographs, 

and the original data layers.   

 

Vegetation Polygon Size 

 The first element of the editing process considered was the size of the spatially edited 

vegetation polygons.  Larger polygons have are more lines and vertices to be manipulated and 

therefore greater potential for inconsistency or error.  However, small discrepancies in small 

polygons may lead to greater relative discrepancies, as may be the case with either FMU 405b or 

504.  An examination of the relationship between the silvicultural sketch map area of an updated 

vegetation polygon and the percent of that area represented by the area discrepancy showed a 

small but significant negative correlation (r2 =-0.23), indicating that, in some instances, polygon 

area affects discrepancy size as percent of polygon area.  

 

Spatial Complexity 

 Degree of spatial complexity involved in each vegetation update was another editing process 

factor examined with a comparison test.  Spatial complexity increases with the number of arcs 

and vertices that must be relocated to define the updated shape of a polygon.  This variation in 

complexity affects the amount of subjective user interaction, possibly producing less consistent 

results in the feature geometry of spatially updated polygons.  Two groups of updates were 

compared: spatially complex edits and spatially simple edits.  All comparisons included only 

DOQQ-based updates, because potential differences in area discrepancy values for the different 

sources of imagery might introduce another source of confusion and confound the test results.   

A t-test was performed to determine the statistical significance of the complexity factor, and a  
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 Sample Size Mean Variance Standard Deviation
Simple 10 9.99 218.42 14.78
Complex 10 10.02 156.34 12.50

          t-calc. 0.00049
          t-stat. 2.10 (df=18, alpha=0.025)

 

 

 

 

Table 3.  Statistical results from the spatial complexity comparison t-test  

 

pooled estimate of variance was used to balance variance in the calculation of the t value.  Test 

results showed that the degree of spatial complexity did not significantly contribute to the area 

discrepancy values the 95% (P≥0.05) confidence level (Table 3).   

 

Imagery Source 

  Another possible factor was the type of digital imagery used to complete the polygon editing.  

A t-test was used to compare the area discrepancies from spatially complex DOQQ updates with 

those from spatially complex digital aerial photograph updates.  A pooled estimate of variance 

was selected for the calculation of a t statistic to equalize the variance of the two samples.   

 Test results showed that there is no significant difference between discrepancies from edits 

completed with DOQQs and discrepancies from edits completed with the unrectified digital 

photographs at the 95% (P≥0.05) confidence level (Table 4).  This information suggests that 

orthorectification is an unnecessary endeavor when digital imagery is used as a backdrop for on-

screen digitizing. 

Sample Size Mean Variance Standard Deviation
DOQQ 10 10.02 156.34 12.50
Aerial Photograph 9 6.70 136.63 11.69

t-calc.  0.60
t-stat. 2.11 (df=17, alpha=0.025)

   

Table 4.  Statistical results from the imagery source comparison t-test 

 

Positional Accuracy of the GIS Database 

 Presence of positional error in the Hofmann Forest GIS database was suggested by the area 

discrepancies present in updates involving simple spatial edits or attribute-only edits (Table 1).  

With no feature edits whatsoever, it was hypothesized that positional accuracy could have 
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contributed to area discrepancies.  Contributions to area discrepancy by the vegetation data layer 

or other layers in the GIS database were reviewed.  It was determined that reference information 

with greater accuracy was needed.  According to the research results of Deckert and Bolstad 

(1996) and Lange (1997), the average positional RMSE for differentially corrected GPS data is 

between “a fraction of a meter” and 3.4 meters.  For this study it was assumed that differentially 

corrected GPS data was the most appropriate reference data for map accuracy determination. 

GPS-derived locations were collected across several areas of the Hofmann Forest with a 

Trimble GPS Pathfinder ProXR integrated 12-channel GPS.  This unit included a satellite 

differential receiver and antenna with built-in receiver for real-time differential corrections from 

continuously operation reference station (CORS) beacons.  Post-processing differential 

corrections were performed to correct errors in the GPS locations caused by receiver clock errors, 

satellite position (ephemeris) errors, or ionospheric interference (Dussault et al. 2001).  Data for 

post-processing corrections were obtained through the North Carolina Geodetic Survey, which 

operates Trimble 4000 SSE Community Base Stations throughout the state (NCGS 2002).  Base 

station data from the Washington station were used.  Multipath error, caused when the presence 

of trees or other large objects reflecting GPS signals, results in the computation of positions from 

sub-optimal satellite configurations (Dussault et al. 2001).  Averaged GPS locations, then, would 

be based on less accurate input positions, and would have lower overall positional accuracy.  This 

type of error depends on the location of the receiver and surrounding conditions and cannot be 

corrected with base station data. 

After differential correction was completed, 25 locations were selected for the positional 

accuracy analysis.  NMAS guidelines require at least 20 locations per map layer are needed to 

evaluate horizontal map accuracy (FGDC 1998).  All 25 locations were considered to be “well-

defined”, i.e., recognizable on the map layers.  The corrected GPS locations were exported from 

Trimble Pathfinder Office as an ArcView point shapefile.  Point shapefiles of the corresponding 

25 “well-defined” locations were created from the Roads layer of the GIS database, the DOQQs, 

and the aerial photographs. 

Using the Horizontal Accuracy Extension for ArcView developed by the Utah State 

University Department of Forest Resources, Geography, and Earth Resources, the horizontal 

positional accuracy of each of the different source point shapefiles was compared to the GPS 

reference shapefile (Van Neil 2000).  For each of the comparison shapefiles, all of the locations 

are assigned unique identifiers.  The scale of each shapefile to be analyzed (input shapefile) is 

entered, as NMAS standards are scale-dependent (ASPRS 1990).  For the aerial photographs and 
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Roads layer, the scale was known to be 1:15,840.  For the DOQQs, the scale was known to be 

1:40,000.  The comparison evaluates each point in the input and reference shapefiles and uses 

northing (y) and easting (x) to calculate RMSE for each pair.  An overall RMSE is then calculated 

for the entire input shapefile. 

The overall RMSE values for each of the input – reference shapefile comparisons were 

evaluated against the NMAS limiting RMSE for each of the appropriate scales.  For maps of 

1:15,840 scale, the limiting RMSE for the Class 1 standard is 4.02 meters, 8.05 for Class 2, and 

12.07 for Class 3 (ASPRS 1990).  For maps of 1:40,000 scale, the limiting RMSE for the Class 1 

standard is 10.16 meters, 20.32 meters for Class 2, and 30.48 meters for Class 3 (ASPRS 1990).  

According to the NMAS, any RMSE beyond the limiting RMSE of the Class 3 standard indicates 

that there are positional blunders or errors to be corrected before the map can be assigned an 

NMAS Class (ASPRS 1990).   

Of the three input shapefiles analyzed, only the DOQQ input shapefile had an overall RMSE 

that met NMAS standards.  With an RMSE of 11.72 meters, the DOQQ point shapefile met the 

NMAS Class 2 standard.  The overall RMSE of the aerial photography point shapefile was 44.31 

meters, far beyond the limiting RMSE for the Class 3 standard.  The overall RMSE of the Roads 

layer shapefile 19.78 meters, just beyond the limiting RMSE of the NMAS Class 3 standard 

(Table 5).   

Input Input Input NMAS Limiting
Source Scale RMSE Class RMSE

raphs 1:15,840 44.31 n/a n/a
1:40,000 11.72 2 20.32

Roads Layer 1:15,840 19.78 n/a n/a

 

 

Aerial Photog 
DOQQs 

 

Table 5.  Results of the positional accuracy analysis and comparison (in meters) 

 

Although the t-test comparison of the spatial updates completed with DOQQs or digital aerial 

photographs showed no significant difference between the two imagery sources, the substantially 

greater overall RMSE of the aerial photographs would almost certainly contribute to error in 

polygons digitized from that imagery source.  The DOQQs, then, stand out as the preferred digital 

imagery source for the integrated on-screen digitizing method of updating GIS database layers.  

Alternatively, recent developments in the field of softcopy photogrammetry have produced 

affordable, user-friendly orthorectification software packages that can be used to orthorectify 

digital aerial photographs.  Millinor (2001) orthorectified a mosaic of digital aerial photographs 
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using ERDAS Imagine software and DOQQs and digital elevation models as reference sources.   

As an aside, GPS locations were also collected with two additional receivers, the Trimble 

GeoExplorer 3 GPS System 12-channel integrated receiver and antenna and the Garmin GPS III+ 

12-channel receiver.  The ProXR-derived locations were selected as reference data because of the 

capability of the receiver to collect real-time differential positions.  The Trimble GeoExplorer 3 

GPS System data were differentially corrected with base station data from Raleigh, North 

Carolina.  Garmin GPS III+ data were not differentially corrected. 

Horizontal positional accuracy was assessed for the GeoExplorer3 locations and GPS III+ 

locations using the ProXR locations as reference data.  It is worthwhile to mention that when 

horizontal accuracy was examined at a 1:15,840 scale, the differentially corrected Trimble 

GeoExplorer 3 GPS System data met the NMAS Class 1 standard, while the Garmin GPS III+ 

data met the NMAS Class 2 standard.  It could be concluded from these results that the 

differentially corrected GPS data are more suitable as reference data sources for other layers of 

the GIS database.  This conclusion could be extended to suggest that the differentially corrected 

GPS data would also be appropriate for registration and rectification of the GIS database layers. 
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Results and Discussion 

 

 Using the existing Hofmann Forest GIS database, DOQQs, digital aerial photographs, 

imagery, and ArcView GIS version 3.0 software, the integrated imagery and on-screen digitizing 

method of GIS maintenance was applied to update the Hofmann Forest GIS database to include 

changes in forest conditions resulting from 37 silvicultural operations.   

 GIS-derived area measurements for the updated vegetation polygons were compared with 

acreage estimates recorded on the silvicultural records.  A chi-square test showed no significant 

difference between the two measures of area, however discrepancies ranging from approximately 

1% to 35% of the polygon areas were present.  A series of comparison tests examined the 

potential contributions of different database components to the area discrepancies.  Spatial 

complexity of the editing procedure, different sources of digital imagery, and size of updated 

vegetation polygons were all tested.  Degree of spatial complexity in the updates did not 

significantly contribute to area discrepancies.  There was no significant difference in area 

discrepancies when either the DOQQs or digital aerial photographs were used.  Size of the 

updated vegetation polygons may have some effect on the discrepancy values, particularly when 

small absolute differences in area in small polygons result in large relative discrepancy values.  

 Differentially corrected GPS data were used to assess the horizontal positional accuracy of 

the GIS data layers.  Following National Map Accuracy Standard (NMAS) guidelines, RMSE 

was calculated for each of the different data layers, using the GPS data as reference locations.  

Only the DOQQ-derived points met the NMAS Class 2 horizontal positional accuracy standard.  

RMSE for the aerial photography and Roads layer were greater than the limiting RMSE for the 

NMSE Class 3 standard.   
GIS databases are frequently assembled from various sources, each layer having unique 

attribute information, spatial characteristics, and processing history.  As geographic data are 

edited or manipulated, existing error is transferred to newly created data layers, and effects can be 

additive or multiplicative (Bolstad 1992).  To provide the most consistent, accurate representation 

within a GIS, it is important to supply measures of positional accuracy and metadata.   

Included in the Appendix of this document is coordinate system information for the entire 

GIS database.  If the Hofmann Forest GIS Database layers are used extensively by faculty or 

students of the University, Federal Geographic Data Committee-compliant metadata should be 

constructed for each data layer to assure proper usage.  Metadata, or data about data, present a 

standardized format for reporting data processing steps and accuracy.  Metadata augment the 
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usefulness of spatial data by providing coordinate information, content and accuracy 

specifications, and data history.  Additionally, the use of metadata allows errors in datasets to be 

better quantified and understood (Pries 1995).
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Conclusions 

 

 Based on these results, the best source of imagery for the on-screen digitizing updating 

method was the USGS Digital Orthophoto Quarter-Quads.  Substituting unorthorectified digital 

aerial photography did not produce significantly greater discrepancies between those areas 

calculated by the GIS and those recorded by the forest managers on the silvicultural sketch maps.  

However, the greater horizontal positional accuracy of the DOQQs, as demonstrated by this layer 

meeting the NMAS Class 2 standard, suggests that this imagery source would provide more 

accuracy, consistent updates to the Hofmann Forest GIS data layers.  

 This thesis work has resulted in the validation of an efficient, pragmatic method for updating 

and maintaining a timely geographic information system; an up-to-date GIS for the NCSU 

Hofmann Forest; and a documented procedure for continuing the maintenance of the Hofmann 

Forest GIS database.  The techniques and information used to achieve these objectives are 

straightforward, and they meet the need of forest managers to accurately describe conditions in 

the Hofmann Forest.   

 

Further Research 

 Once a larger number of updates has been completed and documented, area discrepancy 

factors such as the complexity of the spatial editing and the registration of the original GIS 

database should be re-evaluated.  This might give more insight into the nature of the area 

discrepancies of the on-screen digitizing updating method. 

 More testing of the different imagery sources might resolve the area discrepancy issue.  A 

comparison between the DOQQs and the digital aerial photography using the same polygon edits 

would be the most direct approach.  This way, no extraneous differences in the edits would factor 

into the resultant area calculations.  The effectiveness of this method of GIS database 

management could be further validated if the same polygons were consistently digitized with both 

of the imagery sources.  Orthorectification could be applied to reduce the effects of distortion 

and/or displacement in the aerial photographs.  The editing procedure would benefit from the 

increased spatial resolution of the aerial photography. 

 The horizontal positional accuracy of the vector GIS layers could also be improved to meet 

NMAS map accuracy standards via rectification with differentially corrected GPS data.  GPS data 

could also be used to create entire data layers to replace existing layers with poor horizontal 

accuracy (e.g., roads) or add separate layers for features not exclusively represented in the 
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existing layers (e.g., logging decks).   

 As GIS is more widely applied, its role in decision-making expands.  This role will require 

tightly integrated technology, increased development and application of metadata, and greater 

research in removing the uncertainty in geospatial information. 

 34



Literature Cited 

 

American Society for Photogrammetry and Remote Sensing (ASPRS). 1990. ASPRS Accuracy 
Standards for Large-Scale Maps. Photogrammetric Engineering and Remote Sensing. 56: 1068-
1070. 
 
Berry, J.K. 1995. Heads-Up and Feet-Down Digitizing. GIS World. 8: 34-35. 
 
Blanchard, B. Personal Interview. May 26, 1997. 
 
Bolstad, P.V. and J.L. Smith. 1992. Errors in GIS. Journal of Forestry. 90: 21-29. 
 
Budge, A.M., and S.A. Morain. 1995. GIS World. 8: 45-49. 
 
Catts, G.P. (editor). 1995. Hofmann Forest Management Plan. North Carolina Forestry 
Foundation, Raleigh, NC. 76 p. 
 
Carlson, G.R. and B. Patel. 1997.  A New Era Dawns for Geospatial Imagery. GIS World. 10: 36-
40. 
 
Cowen, D.J., J.R. Jensen, P.J. Bresnahan, G.B. Ehler, D. Graves, X. Huang, C. Wiesner, and H.E. 
Mackey, Jr. 1995. The Design and Implementation of an Integrated Geographic Information 
System for Environmental Applications. Photogrammetric Engineering and Remote Sensing. 61: 
1393-1404. 
 
Croft, F. and B. Kessler. 1996. Remote Sensing, Image Processing, and GIS Trends and 
Forecasts. Journal of Forestry. 94: 31-35. 
 
Deckert, C. and P.V. Bolstad. 1996. Forest Canopy, Terrain, and Distance Effects on Global 
Positioning System Point Accuracy. Photogrammetric Engineering and Remote Sensing. 62: 317-
321. 
 
Devine, H. A. 1997. Hofmann Forest Budget Proposal. North Carolina State University, Raleigh, 
NC. 
 
Dussault, C., R. Coutois, J.-P. Ouellet, and J. Huot. 2001. Influence of satellite geometry and 
differential correction on GPS location accuracy. Wildlife Society Bulletin 29: 171-179. 
 
Federal Geographic Data Committee (FGDC). 1998. Geospatial Positioning Accuracy Standards. 
FGDC-STD-007-1998. [http://fgdc.er.usgs.gov/fgdc.html]. 
 
Foster, D.A. 1993. The Position of GPS in Wildlife and Habitat Mapping. p. 73-80 in Mapping 
Tomorrow’s Resources: a symposium on the uses of remote sensing, geographic information 
systems (GIS), and Global Positioning Systems (GPS) for natural resources management, A. 
Falconer, ed. Utah State University, Logan, UT. 87 p. 
 
Gould, M.D. 1994. GIS Design: A Hermeneutic View. Photogrammetric Engineering and Remote 
Sensing. 60: 1105-1115. 
 

 35



Green, K. 1992.  Spatial Imagery and GIS. Journal of Forestry. 90: 32-36. 
 
Green, K., D. Kempra, and L. Lackey. 1994. Using Remote Sensing to Detect and Monitor Land-
Cover and Land-Use Change. Photogrammetric Engineering and Remote Sensing. 60: 331-337. 
 
Hinton, J.C. 1996. GIS and remote sensing integration for environmental applications. 
International Journal of Geographical Information Systems. 10: 877-890. 
 
Jensen, J.R. 1996. Introductory Digital Image Processing: A Remote Sensing Perspective (2nd  
ed.). Prentice-Hall, Inc., Upper Saddle River, NJ. 316 p. 
 
Johnston, J.J., D.R. Weigel, and J.C. Randolph. 1997. Satellite Remote Sensing: An Inexpensive 
Tool for Pine Plantation Management. Journal of Forestry. 95: 16-20. 
 
Khorram, S., and H.M. Cheshire. 1992.  Hofmann Forest Vegetation Mapping Progress Reports. 
North Carolina State University, Raleigh, NC. 
 
Lachowski, H.L., P. Hardwick, R. Griffith, A. Parsons, and R. Warbington. 1997. Faster, Better 
Data for Burned Watersheds Needing Emergency Rehab. Journal of Forestry. 95: 4-8. 
 
Lacy, R. 1992. South Carolina Finds Economical Way to Update Digital Road Data. GIS World. 
5: 58-60. 
 
Lange, A. 1997. Accuracy Specifications Affect Application Success. GIS World. 10: 58. 
 
Lillesand, T.M. and R.W. Keifer. 1994. Remote Sensing and Image Interpretation (3rd ed.). John 
Wiley & Sons, Inc., New York, NY. 
 
Liu, R. and L.P. Herrington. 1996. The Expected Cost of Uncertainty In Geographic Data. 
Journal of Forestry. 94: 27-31. 
 
Lunetta, R.S., R.G. Congalton, L.K. Fenstermaker, J.R. Jensen, K.C. McGwire, and L.R. Tinney. 
1991. Remote Sensing and Geographic Information Systems Integration: Error Sources and 
Research Issues. Photogrammetric Engineering and Remote Sensing. 57: 677-687. 
 
McCloy, K.R. 1995. Resource Management Information Systems: Process and Practice. Taylor & 
Francis Ltd., London. 415 p. 
 
North Carolina Geodetic Survey (NCGS). 2002. NCGS GPS Base Station Information. 
[http://www.ncgs.state.nc.us/gpsbase.html]. 
 
Novak, K. 1992. Rectification of digital imagery. Photogrammetric Engineering and Remote 
Sensing. 58: 339-344. 
 
Overby, J.W. 1995. A Soil-Site Study for Planted Loblolly Pine (Pinus taeda L.) on the Hofmann 
Forest of Jones and Onslow Counties, North Carolina. Masters Thesis, North Carolina State 
University, Raleigh, NC. 73 p. 
 
Paine, D.P. 1981. Aerial Photography and Image Interpretation for Resource Management. John 
Wiley & Sons, Inc., New York, NY. 571 p. 

 36



 
Pries, R.A. 1995. A System for Large-Scale Image Mapping and GIS Data Collection. 
Photogrammetric Engineering and Remote Sensing. 61: 503-511. 
 
Prisley, S.P. and J.L. Smith. 1991. The Effect of Spatial Data Variability on Decisions Reached in 
a GIS Environment. p. 167-170 in GIS Applications in Natural Resources, M. Heit and A. 
Shortreid, eds. GIS World, Inc., Fort Collins, CO. 381 p. 
 
Skalet, C.D., G.Y.G. Lee, and L.J. Ladner. 1992. Implementation of Softcopy Photogrammetric 
Workstations at the U.S. Geological Survey. Photogrammetric Engineering and Remote Sensing. 
58: 57-63. 
 
Smith, D.P., and S. F. Atkinson. 2001. Accuracy of Rectification Using Topographic Map versus 
GPS Ground Control Points. Photogrammetric Engineering and Remote Sensing 67: 565-570. 
 
USGS Global Land Information System. 1996. Digital Orthophoto Quadrangles. [http:// 
edcwww.cr.usgs.gov/webglis/glisbin/guide.pl/glis/hyper/guide/doq].   
 
USGS Global Land Information System. 1996. USGS Maps (Large Scale). [http://edcwww. 
cr.usgs.gov/webglis/glisbin/guide.pl/glis/hyper/guide/maps]. 
 
Van Neil, T. 2000. Horizontal Accuracy Extension for ArcView 3.x. 
[http://gis.esri.com/arcscripts/index.cfm?action=details&CFGRIDKEY=C03BD2F2-680F-11D4-
943200508B0CB419]. 
 
Wilson, J.D. 1995. Client-Vendor Partnership Advances Digital Aerial Photography System. GIS 
World. 8: 44-47.  

 37

http://gis.esri.com/arcscripts/index.cfm?action=details&CFGRIDKEY=C03BD2F2-680F-11D4-943200508B0CB419
http://gis.esri.com/arcscripts/index.cfm?action=details&CFGRIDKEY=C03BD2F2-680F-11D4-943200508B0CB419


Appendix: Additional Project and Data Source Information 

 

1. Detailed Methodology Guide 

2. GIS Data Layer Index 

3. Ancillary Data Source Index 

4. GIS Data Directory 

 

1. Detailed Methodology Guide 

1.1 Creation of VEG_FMU coverage 

Because both the Veg and FMU coverages contain polygon features, the <in_cover> and 

<union_cover> are interchangeable. 

Arc:   UNION <in_cover> <union_cover> <out_cover> 

 

1.2 Convert Arc/Info coverage to ArcView shapefile 

In ArcView, make the theme active. Click on the View Menu item Theme and release on Convert 

to Shapefile… . Choose a name for the new Shapefile and add it to the current View. 

 

1.3 Addition of edit-specific attributes 

Open the theme’s attribute table and make it editable. Click on the Table Menu item Edit and 

release on Add Field… .  Each field that is added to an attribute table must have a Name, Type, 

Width, and number of Decimal Places (if applicable).  The following fields were added to the 

VEG_FMU attribute table: 

• Name: Level1, Type: Character, Width: 64; this is a text description of Level I of the 

Hofmann Forest Classification System (e.g., Natural Stands). 

• Name: Level2, Type: Character, Width: 64; this is a text description of Level II of the 

Hofmann Forest Classification System (e.g., Pond Pine-Bay (High Pocosin)). 

• Name: LC_Class, Type: Number, Width: 3; this is the code for Level I + Level II (e.g., 21) 

• Name: Acres, Type: Number, Width: 10, Decimal Places: 3; the Area and Perimeter fields 

of the vector data layers are recorded in square meters.  This measurement is more useful and 

must be re-calculated after each update. 

• Name: Change_Type, Type: Character, Width: 99; this is the primary update information, 

including the type of update (e.g., planting) and the number of acres. 

• Name: Updated, Type: Character, Width: 5; this is the year the update for a particular 
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polygon was completed. This is necessary because updates will occur continuously. 

• Name: Comments, Type: Character, Width: 99; this is additional information about the 

update, including project number, contractor, pre-planting activities, etc. 

• Name: Post_Plant, Type: Character, Width: 5; this is the year, if applicable, of Post-Planting 

Fertilization.  Not all polygons have this information.   

 

1.4 Configure ArcView for shapefile editing 

The View Button Bar must be customized to include a button with the script calcapl.ave.  This 

script can be found in the ArcView software environment at /esri/arcview30/ 

arcview3_0/samples/scripts.  This script updates area, perimeter, and length (for line features) 

after edits are made and must be executed after every edit session, before the edits are saved. This 

should happen automatically, but it does not as of ArcView version 3.0a.  Set the View 

Properties’ Map Units to meters and Distance Units to feet (or your preference—just be 

consistent).  Make the VEG_FMU shapefile editable. Edit its Theme Properties (under Editing): 

both the General and Interactive Snap Tolerances should be enables and set to 25 feet.  This is not 

an absolute number, but it seems to work well for this application. 

 

1.5 Combining two or more polygons into one 

Select the polygons to be combined; click on the View Menu item Edit and release on Combine 

Features.  When polygon features are combined like this in ArcView, their attribute records are 

merged into one empty one.  Take note of this information before the polygons are combined and 

re-enter it (or enter new information) into the resulting record. 

 

1.6 Splitting one polygon into two or more 

Use the Draw Line to Split Polygon tool located in the View Tool Bar.  Use single clicks of the 

mouse to begin the line and to add vertices along the line.  When the line is completed, i.e., it 

reaches across the polygon to be split correctly, double click to finish the line.  New, empty 

attribute records are created for the resultant polygons.  Re-enter or enter new information into 

each record. 

 

1.7 Adding, deleting, and moving vertices 

For more spatially complex edits, individual vertices will need to be repositioned, deleted, or 

added.  Use the Vertex Edit tool located in the View Tool Bar. Click on the polygon to be edited 
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and all of its vertices will be displayed with a clear box symbol (∋).  To delete a vertex: move the 

cursor over a vertex and press the delete key.  Notice that the cursor will change from a hollow 

arrow to crosshairs.  To add a vertex, move the cursor where the vertex is needed and click once 

with the mouse.  Notice that the cursor changes to a crosshairs and circle when there is not a 

vertex along a line or polygon line.  To move a vertex, click on the vertex and drag it to its new 

location.  Make certain that all vertices and lines are snapping together.  This may involve 

zooming in and out and adjusting adjacent polygons’ vertices.  If you make a mistake, take 

advantage of the Undo Feature Edit option under the Edit item on the View Menu bar. 

 

1.8 Adding new polygon features 

Select the Draw Polygon tool from the View Tool Bar.  Vertices are adding with single clicks of 

the mouse and polygons are closed with double clicks.  To begin a new feature, place the mouse 

over the existing vertex that will begin the polygon (this is almost always the case in this project). 

Hold down the right mouse button and a pop-up menu will appear.  Scroll down and select Snap 

to Vertex.  When you click the left mouse button to enter the polygon’s first vertex, it will snap to 

the original one.  Use this pop-up editing menu to snap along boundaries and to intersections.  A 

new, empty record will be added to the attribute table. 

 

1.9 Updating the Area and Perimeter attribute values 

When an editing session is finished, run the calcapl.ave script (which is attached to a new View 

button) while the theme is still editable and active.  The edits will be saved automatically with the 

completion of this script.  The script also activates the Table.ToggleEditing script, so the theme is 

no longer editable. 

 

1.10 Updating the Acres attribute value: 

After the Area and Perimeter fields have been updated, make the VEG_FMU attribute table 

editable.  Select the Acres field, then click on the View Menu item Field and release on 

Calculate… . Acres is calculated with the formula:  [Area] * 0.000247 (converts square meters to 

acres).  Make sure to save all edits to the attribute table. 

 

1.11 Converting from ArcView shapefile to ArcInfo coverage 

Use the SHAPEARC command with the following procedure.  These steps must be followed 

exactly to retain all polygon attributes in the polygon attribute table. 

 Arc:  SHAPEARC <in_shapefile> <out_cover> {out_subclass} 
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 Arc: CLEAN <in_cover> 
 Arc: CREATELABELS <cover> 
 Arc: BUILD <cover> 
 Arc: REGIONPOLY <in_cover> <out_cover> <in_subclass> <out_table> 
 

1.12 Archiving the VEG_FMU coverage and/or shapefile 

Keep a copy of the original VEG_FMU coverage or shapefile.  Keep dated copies of the 

VEG_FMU shapefile as it is updated, e.g., VEG_FMU_09121997. 

 

2. GIS Data Layer Index 

2.1 Current Vector Layers (ArcView Shapefiles) 

Boundary 
Blocks 
FMU – Forest Management Units 
Veg – vegetation (Appendix Section 2.1 for the Vegetation Classification Scheme) 
Veg_FMU – vegetation intersected (divided) by FMU 
Ditches 
Roads 
NGS – North Carolina Geodetic Survey markers 
Counties – county boundaries 
Quads – USGS quadrangles (1:24,000 scale) 
 

2.1.1 Projection/Coordinate System of Vector Layers 

Universal Transverse Mercator (UTM) 
Zone 18 
North American Datum 1927 (NAD27) 
Meters 
 

2.1.2 Notes 

The original projection information is unconfirmed.  The Arc/Info coverages were created from 
Atlas Geographic files.  Projection information was not recorded.  For this project, coordinates in 
each layer were examined and compared with vector and raster layers of known projections.  
 

2.2 Digital Ortho Quarter-Quadrangles (DOQQ)  

Jacksonville North (NE, NW)     
Jacksonville Northeast (NE, NW, SE, SW)  
Jacksonville Northwest (NE, NW, SE, SW)      
Kellum (NE, NW, SE, SW) 
 

2.2.1 Projection/Coordinate System of DOQQs 

Universal Transverse Mercator (UTM) 
Zone 18 
North American Datum 1927 (NAD27) 

 41



Meters 
 

2.2.2 Notes 

The DOQQs were purchased from the USGS.  The photography acquisition date is 1993 (leaf 
on), and the DOQQ processing date is 1994.  The USGS DOQQs have a band sequential image 
(.bsq) file format.  Information in the DOQQ header files include the number of rows, the number 
of columns, the upper left x coordinate (easting), and the upper left y coordinate (northing).  The 
DOQQs were registered to the NAD27 datum by referencing the coordinate set in the DOQQ 
header.  
 

2.3 Aerial Photographs 

The Hofmann Forest managers provided black and white photography for the years 1984 and 
1994, originally produced by Weyerhaeuser.  Target scale of the photographs is 1:15,840.  The 
needed photographs were scanned into a digital .tif image format with a Hewlett Packard DeskJet 
scanner at a resolution of 300 dots per inch (dpi).  Image files were named after the FMU edit for 
which they were required. 
 

2.3.1 Projection/Coordinate System of DOQQs 

Universal Transverse Mercator (UTM) 
Zone 18 
North American Datum 1927 (NAD27) 
Meters 
 

2.3.2 Notes 

The Arc/Info (version 7.0.4) command REGISTER was used to georeference the digital aerial 
photographs to the Roads vector data layer.  When the execution of this command is completed, a 
world file (.tfw) is created for the digital photography.  All photographs were registered with a 
root mean square error (RMSE) of less than five meters (average RMSE = 3.648 meters), meeting 
USGS standards for maps with scales of 1:20,000 or greater, which is approximately ten meters. 
Topography was assumed to be minimal, hence the RECTIFY command was not used. 
 
2.3.3 Registration Control Point Coordinates and Root Mean Square Errors for the Aerial 
Photographs 
 
2.3.3.1 FMU 14a 
RMSE=3.875 
Link#   Calculated (x, y)               True (x, y)              Distance (m) 
1      292400.711, 3855575.699     292401.615, 3855577.358          1.889 
4      292035.572, 3853772.672     292033.152, 3853770.135          3.505 
6      290733.396, 3853294.087     290734.760, 3853296.397          2.683 
8      290422.602, 3855043.368     290427.707, 3855042.209        5.235 
9      290081.745, 3855279.352     290076.790, 3855279.078          4.962 
 
2.3.3.2 FMU 114b 
RMSE=1.448 
Link# Calculated (x, y)               True (x, y)              Distance (m) 
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1      274982.473, 3866588.223     274983.936, 3866588.156          1.465 
2      273957.356, 3867677.418     273956.056, 3867677.586          1.311 
5      273927.332, 3866465.061     273925.281, 3866465.056          2.051 
6     273173.966, 3867720.880     273174.375, 3867720.671          0.459 
7      273117.502, 3867061.975     273118.980, 3867062.089          1.482 
 
2.3.3.3 FMU 308 
RMSE=4.012 
Link#    Calculated (x, y)               True (x, y)              Distance (m) 
1     272099.426, 3867433.765     272100.694, 3867431.206          2.856 
2      272556.421, 3866714.689     272554.714, 3866720.307          5.871 
3      273918.467, 3866471.710     273922.747, 3866469.401          4.863 
4      273107.947, 3867063.509     273104.317, 3867060.821          4.517 
6      274752.284, 3867623.679     274750.229, 3867625.088          2.492 
7      273242.046, 3868483.722     273243.890, 3868484.250          1.918 
         
2.3.3.4 FMU 405 
RMSE=4.829 
Link#    Calculated (x, y)               True (x, y)              Distance (m) 
1      285516.139, 3875391.296     285515.924, 3875391.529          0.318 
4      288350.169, 3874472.917     288345.717, 3874477.742          6.565 
5      285702.742, 3873713.654     285702.612, 3873713.796          0.193 
9      288150.722, 3874493.471     288155.520, 3874488.271          7.075 
 
2.3.3.5 FMU 504 
RMSE=3.770 
Link#    Calculated (x, y)               True (x, y)              Distance (m) 
1      274757.137, 3861186.959     274756.383, 3861185.720          1.451 
2      274363.098, 3860625.440     274360.836, 3860619.463          6.391 
3     273248.055, 3861378.661     273249.140, 3861381.412          2.957 
5      275144.955, 3860412.092     275146.910, 3860415.996          4.366 
6      275259.942, 3859658.286     275259.918, 3859658.848          0.562 
         
 
2.3.3.6 FMU 505   
RMSE=3.622 
Link#    Calculated (x, y )              True (x, y)              Distance (m) 
2      275362.386, 3860921.532     275363.916, 3860925.039         3.826 
3      276607.047, 3861581.431     276605.772, 3861581.449          1.275 
6      275645.782, 3863834.805     275647.769, 3863834.531         2.007 
7      274842.285, 3863485.922     274840.562, 3863488.585          3.172 
13     275118.775, 3861943.290     275118.254, 3861937.375          5.937 
 
2.3.3.7 FMU 903 
RMSE=3.941 
Link#    Calculated (x, y )              True (x, y)              Distance (m) 
1     285339.882, 3860957.039     285341.166, 3860954.808          2.574 
3      283669.961, 3859681.022     283667.117, 3859684.839          4.760 
5      282222.399, 3858589.210     282223.971, 3858588.049          1.955 
7      284607.501, 3858485.763     284607.223, 3858480.843          4.927 
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8      285151.231, 3858723.747     285151.496, 3858728.240          4.501 
 

2.3.4 Notes 

All control point coordinates are UTM, zone 18, NAD27, meters. 

 

3. Ancillary Data Source Information 

3.1 Hofmann Forest Vegetation Classification Scheme 

Level I         Level II       
1.  Plantations       1.1   Loblolly pine 

1.2   Pond pine             
1.3   Atlantic White Cedar 
1.4   Other 

2.  Natural Stands      2.1  Pond pine - Bay (High pocosin)    
2.2  Pond pine - Honey cup (Low pocosin) 
2.3  Blackgum - Cypress 
2.4  Sweetgum - Red maple - Willow 
2.5  Longleaf pine - Turkey oak 
2.6  Loblolly pine or other pines 
2.7  Mixed pines & hardwoods (No Pond pine) 
2.9  Unknown 

3.  Cut-over Areas      3.1   Planted (< 2 years) 
3.2   Site-prepped 

          3.3   Natural regeneration 
          3.4   Bare/Recent disturbance 

3.9   Unknown 
4.  Other        4.1  Agriculture 

4.2  Administration/Business 
4.3  Research plots 
4.4  Power lines 

4.9  Unknown 
9.  Unknown       9.9  Unknown 
 

3.1.1 Notes 

This classification scheme was developed by Siamak Khorram and Heather M. Cheshire. 
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3.1.2 Map of Hofmann Forest Vegetation Classification Scheme  
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3.1.3 Relative Area of the Level I Classes of the Hofmann Forest Vegetation Classification 
Scheme 

Level I Class   Hectares  Acres   Relative Hofmann Forest Area (%) 
1. Plantations   12850.11  31753.20  31.10 
2. Natural Stands  20625.30  50966.05  49.92 
3. Cut-over Areas  4975.21   12293.97  12.04 
4. Other    2838.35   7013.70   6.87   
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3.2 Hofmann Forest Soil Types 

Soil Type      Hectares  Acres  Relative Hofmann Forest Area (%) 
Croatan muck     16986.22  41973.73 53.13 
Pantego loam     6448.89   15935.50 20.17 
Torhunta fine sandy loam (fsl) 3531.39   8726.22  11.05 
Rains fsl 3406.68   8418.05  10.66 
Stallings loamy fine sand  
- Woodington fsl     428.75   1059.47  1.34  
Lynchburg fsl - Rains fsl  258.42   638.56  0.81 
Onslow fsl        
- Woodington fsl    119.27   294.72  0.37 
Muckalee loam     114.82   283.71  0.36 
Grifton fsl      108.34   267.71  0.34 
Goldsboro fsl       
- Muckalee loam    98.29   242.87  0.31 
Murville fine sand    80.90   199.90  0.25 
Stockade fine sandy loam  47.15   116.51  0.15 
Lenoir loam - Leaf    38.10   94.15  0.12   
Leon sand      36.96   91.34  0.12 
Autryville loam      
- Muckalee loam    19.61   48.46  0.06 
Norfolk loamy sand     
- Muckalee loam    3.28   8.10  0.01 
Marvyn loamy sand     
- Muckalee loam    0.44   0.11  0.00 
 

3.2.1 Notes 

Soil type data were obtained from the North Carolina Center for Geographic Information and 
Analysis. 
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3.3 Map of GPS Locations Collected for Positional Accuracy Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 Coordinates and RMSE for GPS Locations, Aerial Photographs, DOQQs, and Roads GIS 
Layer 
 
3.4.1 Aerial Photographs 

ID  Reference x  Reference y  Air Photo x  Airphoto y  RMSE  
1141 274085.1700 3869177.9847 274054.3195 3869266.212 93.4652 
1142 273335.5322 3869265.2309 273305.0720 3869287.467 37.713 
1143 273255.5292 3868496.8041 273238.1284 3868509.502 21.5414 
1144 273111.6577 3867082.3202 273115.5661 3867055.436 27.1668 
3071 273176.1206 3867727.0728 273172.8775 3867718.357 9.29931 
3081 274986.1421 3866605.4085 274982.2708 3866586.320 19.4773 
3082 274760.5409 3867637.3509 274756.5069 3867635.823 4.31379 
3083 273962.0562 3867686.6443 273958.8197 3867674.812 12.2668 
5041 273955.5329 3861641.5320 273950.0006 3861654.058 13.6934 
5051 275949.5149 3863092.2744 275924.3537 3863103.506 27.5544 
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5052 274825.2583 3862699.3070 274792.3520 3862660.615 50.793 
5055 274745.0389 3861182.1607 274754.1431 3861198.425 18.6389 
5056 275345.8355 3861253.4680 275368.0555 3861184.879 72.0983 
5057 276584.0073 3861576.3544 276629.4555 3861571.132 45.7473 
6041 280483.6979 3865875.6391 280482.6083 3865876.091 1.17946 
6042 281163.9916 3866396.2733 281161.9612 3866396.207 2.03147 
6043 281680.4680 3866718.5895 281676.7071 3866715.560 4.82948 
6048 280051.1517 3866664.8984 280050.6420 3866661.026 3.90617 
9031 284805.3187 3860582.1165 284789.5745 3860630.385 50.7716 
9032 285782.6192 3859312.3112 285816.2559 3859268.423 55.2954 
9033 285162.6078 3858740.2502 285248.8453 3858745.015 86.369 
9036 282956.5316 3859153.0342 282921.5979 3859062.518 97.0237 
9037 283672.3591 3859706.6130 283643.4198 3859674.562 43.1824 
9038 284300.6963 3860191.8511 284294.3797 3860224.703 33.454 
30810 273911.3140 3866099.8359 273920.1310 3866081.999 19.897 
 

3.4.2 DOQQs 

ID  Reference x  Reference y  DOQQs x  DOQQs y  RMSE  
1141 274085.1700 3869177.9847 274079.3170 3869167.0281 12.422 
1142 273335.5322 3869265.2309 273331.1536 3869253.2875 12.7206 
1143 273255.5292 3868496.8041 273251.4253 3868485.5684 11.9617 
1144 273111.6577 3867082.3202 273109.2929 3867073.7366 8.90343 
3071 273176.1206 3867727.0728 273174.6522 3867718.7727 8.42899 
3081 274986.1421 3866605.4085 274982.8861 3866594.7889 11.1076 
3082 274760.5409 3867637.3509 274758.2180 3867626.6408 10.9591 
3083 273962.0562 3867686.6443 273960.0576 3867677.5965 9.26593 
5041 273955.5329 3861641.5320 273954.2914 3861629.9685 11.63 
5051 275949.5149 3863092.2744 275944.6389 3863079.2688 13.8896 
5052 274825.2583 3862699.3070 274824.4626 3862685.6613 13.6689 
5055 274745.0389 3861182.1607 274739.4441 3861169.7255 13.6359 
5056 275345.8355 3861253.4680 275344.3893 3861242.7523 10.8129 
5057 276584.0073 3861576.3544 276578.5721 3861566.1731 11.5413 
6041 280483.6979 3865875.6391 280478.9914 3865865.7712 10.9328 
6042 281163.9916 3866396.2733 281160.8833 3866386.9122 9.86364 
6043 281680.4680 3866718.5895 281677.5242 3866707.2493 11.7161 
6048 280051.1517 3866664.8984 280048.0995 3866654.7987 10.5508 
9031 284805.3187 3860582.1165 284802.5275 3860570.1681 12.2702 
9032 285782.6192 3859312.3112 285778.2261 3859302.7439 10.5277 
9033 285162.6078 3858740.2502 285159.8072 3858727.9452 12.6196 
9036 282956.5316 3859153.0342 282952.8057 3859140.0118 13.545 
9037 283672.3591 3859706.6130 283669.9812 3859696.2699 10.613 
9038 284300.6963 3860191.8511 284295.2214 3860178.5443 14.389 
30810 273911.3140 3866099.8359 273910.4370 3866087.3555 12.5112 
 

3.4.3 Roads Layer 

ID  Reference x  Reference y  Roads Layer x Roads Layer y RMSE  
1141 274085.1700 3869177.9847 274090.3752 3869174.7224 6.14306 
1142 273335.5322 3869265.2309 273329.2730 3869264.3949 6.31477 
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1143 273255.5292 3868496.8041 273245.4529 3868493.2494 10.685 
1144 273111.6577 3867082.3202 273109.9689 3867061.8996 20.4904 
3071 273176.1206 3867727.0728 273172.7366 3867721.1687 6.80522 
3081 274986.1421 3866605.4085 274986.0842 3866596.4299 8.97883 
3082 274760.5409 3867637.3509 274759.8590 3867626.2292 11.1425 
3083 273962.0562 3867686.6443 273964.9346 3867680.6231 6.67386 
5041 273955.5329 3861641.5320 273975.3332 3861640.7149 19.8172 
5051 275949.5149 3863092.2744 275962.1496 3863085.3348 14.4151 
5052 274825.2583 3862699.3070 274843.0611 3862698.2163 17.8362 
5055 274745.0389 3861182.1607 274759.6657 3861182.7217 14.6375 
5056 275345.8355 3861253.4680 275350.2624 3861255.1422 4.73286 
5057 276584.0073 3861576.3544 276599.1829 3861573.6588 15.4131 
6041 280483.6979 3865875.6391 280489.1563 3865880.7261 7.46136 
6042 281163.9916 3866396.2733 281175.2037 3866398.7762 11.4881 
6043 281680.4680 3866718.5895 281683.7722 3866721.7516 4.57349 
6048 280051.1517 3866664.8984 280047.7332 3866661.5317 4.79795 
9031 284805.3187 3860582.1165 284834.2638 3860573.8468 30.1032 
9032 285782.6192 3859312.3112 285848.1294 3859340.5051 71.3196 
9033 285162.6078 3858740.2502 285155.5378 3858724.8953 16.9044 
9036 282956.5316 3859153.0342 282948.3100 3859148.9039 9.20074 
9037 283672.3591 3859706.6130 283670.5307 3859696.6480 10.1313 
9038 284300.6963 3860191.8511 284327.0625 3860196.8345 26.8331 
30810 273911.3140 3866099.8359 273918.8335 3866096.4219 8.25831 
 

3.4.4 RMSE of Additional GPS Locations and NMAS Limiting RMSE by Class 

All GPS locations were compared to NMAS standards for map scale of 1:15,840, in meters. 

GPS         RMSE  NMAS Class Limiting RMSE 
Trimble GeoExplorer 3 GPS System  1.47  1    4.02 
Garmin GPS III+      7.40  2    8.05 
 

3.4.5 Notes 

All point locations are UTM, zone 18, NAD27, meters. 

 

4. Hofmann Forest GIS Project Directory Guide 

Data are managed by the NCSU Woodlot Forestry Program.  Please contact Glenn Catts for more 
information. 
 

4.1 Arc/INFO Coverages 
counties  
ditches 
fmu 
quads  (USGS 1:24,000) 
roads 
 

4.1.1 Notes 

 49



All coverages are UTM, zone 18, NAD27, meters. 
 

4.2 DOQQs 
hof94_utm.tif, hof94_utm.tfw – bands 2, 3, and 4 of a December 1994 Landsat TM image, 
clipped to the boundary of the Hofmann Forest 
jacksne_ne.bsq, jacksne_ne.hdr 
jacksne_nw.bsq, jacksne_nw.hdr    
jacksne_se.bsq,  jacksne_se.hdr 
jacksne_sw.bsq, jacksne_sw.hdr  
jacksnw_ne.bsq, jacksnw_ne.hdr 
jacksnw_nw.bsq, jacksnw_nw.hdr 
jacksnw_se.bsq, jacksnw_se.hdr 
jacksnw_sw.bsq, jacksnw_sw.hdr   
jacksn_ne.bsq, jacksn_ne.hdr  
jacksn_nw.bsq, jacksn_nw.hdr 
kellum_ne.bsq, kellum_ne.hdr     
kellum_nw.bsq, kellum_nw.hdr 
kellum_se.bsq, kellum_se.hdr 
kellum_sw.bsq, kellum_sw.hdr 
 

4.2.1 Notes 

All images are registered to UTM, zone 18, NAD27, meters. 
 

4.3 ArcView Shapefiles 

blocks – blocks are groups of FMUs that start with the same number 
bound – Hofmann Forest boundary 
counties_utm – North Carolina counties 
ditches – Hofmann Forest ditches 
fmu – Forest Management Units (FMU) 
orig_vegfmu – original vegfmu with no updates 
ngs – North Carolina Geodetic Survey markers 
quads_utm – North Carolina Quadrangles (1:24,000 scale) 
roads – Hofmann Forest roads 
veg – original vegetation with no updates 
vegfmu_0925 – current copy of vegfmu layer, denoted by date and including the most completed 
edits 
 

4.5 Aerial Photographs 

fmu014a.tif, fmu014a.tfw 
fmu114b.tif , fmu114b.tfw 
fmu308.tif, fmu308.tfw 
fmu405.tif, fmu405.tfw 
fmu504.tif, fmu504.tfw 
fmu505.tif, fmu505.tfw     
fmu604.tif, fmu604.tfw  
fmu615.tif, fmu615.tfw 
fmu903.tif, fmu903.tfw 
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links.txt – this is a list of control point coordinates and RMSE generated in the Arc/Info 
registration process 
 

4.6 ArcView Scripts        

calcapl.ave    
clipthm.ave   
intrsect.ave    
randsel.ave 
 

4.6.1 Notes 

These scripts were copied from the ESRI ArcView sample scripts directory: 
/esri/arcview30/arcview3/samples/scripts. 
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