
ABSTRACT

KOCH, FRANK HENRY, JR. A comparison of digital vegetation mapping and
image orthorectification methods using aerial photography of Valley Forge National
Historical Park. (Under the direction of Dr. Heather M. Cheshire)

In recent years, mapping software utilizing scanned—or “softcopy”—aerial

photographs has become widely available. Using scanned photos of Valley Forge (PA)

National Historical Park, I explored some of the latest tools for image processing and

computer-based vegetation mapping. My primary objective was to compare different

approaches for their efficiency and accuracy. In keeping with the USGS-NPS Vegetation

Mapping Program protocol, I classified the park’s vegetation according to The Nature

Conservancy’s National Vegetation Classification System (NVCS).

Initially, I scanned forty-nine 1:6000 color-infrared air photos of the area at 600

dpi using an Epson desktop scanner. I orthorectified the images by two different

methods. First, I did so on a single-image basis using ERDAS Imagine. In this approach,

United States Geological Survey (USGS) Digital Ortho Quarter Quadrangles (DOQQ)

and a 10-meter Digital Elevation Model (DEM) served as references for between seven

and twelve ground control points per photo. After achieving a root mean square error

(RMSE) of less than 1 meter for an image, I resampled it into an orthophoto. I then

repeated the process using Imagine Orthobase. Via aerial triangulation, Orthobase

generated an RMSE solution for the entire block of images, which I resampled into

orthophotos using a batch process.

Positional accuracies were remarkably similar for image mosaics I created from

the single-image as well as the Orthobase orthophotos. For both mosaics, planimetric x-

coordinate accuracy met the U.S. National Map Accuracy Standard for Class 1 maps,



while planimetric y-coordinate accuracy met the Class 2 standard. However, the

Orthobase method is faster—reducing process time by 50%—and requires 20% (or less)

of the ground control points necessary for the single-image method.

I delineated the park’s vegetation to the formation level of the NVCS. Using

ESRI ArcMap, I digitized polygons of homogeneous areas observed from the

orthophotos. This on-screen mapping approach was largely monoscopic, though I

verified some areas using a scanning stereoscope and the original hard-copy photos. The

minimum mapping unit (MMU) was 0.5 acres (ac), smaller than that recommended by

the USGS-NPS protocol. Based on field data, thematic accuracy for this map met the

National Map Accuracy Standard of 80%. Misestimation of the hydrologic period of

certain polygons resulted in some classification errors, as did confusion between

evergreen and deciduous vegetation.

In addition to orthophotos, Orthobase creates a stereo block viewable in ERDAS

Stereo Analyst, a digital stereoscopic software package. Using Crystal Eyes™ eyewear

and a high-refresh-rate monitor, a user can observe imagery full screen, three-

dimensionally. Features delineated on the images are stored in ESRI shapefile format. I

created a preliminary vegetation map at the alliance level of the NVCS with this

software. Thematic accuracy of this map will be known when assessment is completed

this summer. Notably, the classification scheme has required revision to accommodate

the anthropogenically altered landscape of Valley Forge.

Nevertheless, it is clear that Stereo Analyst offers advantages for vegetation and

other types of mapping. Stereoscopic view and sharp zoom-in capabilities make photo

interpretation straightforward. Because features are delineated directly into a GIS, Stereo



Analyst cuts process time by 70% and avoids two steps that can introduce errors in

conventional mapping methods (i.e., transfer to map base and digitizing). Perhaps most

importantly, joint use of Orthobase and Stereo Analyst allows simultaneous orthophoto

creation and GIS data collection; in contrast, the ArcMap approach requires finished

orthophotos before features can be delineated. Ultimately, though, both monoscopic and

stereoscopic methods have roles in vegetation mapping projects. The level of detail

required for the project should determine which technique is most appropriate.
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1. INTRODUCTION

1.1 The Valley Forge Mapping Project

Valley Forge National Historical Park (VFNHP) in Valley Forge, Pennsylvania is

famous as the site of the winter 1777-78 encampment of the Continental Army under

George Washington. Although the soldiers experienced particularly harsh conditions,

their training under Friedrich Wilhelm von Steuben was instrumental to American victory

in the Revolutionary War. The area’s protected status dates to 1893, when it was

declared a state park by the Pennsylvania legislature (NPS, 2001). In 1977, it became a

National Park Service unit. Although VFNHP is primarily managed as a cultural

resource, it is a sizeable tract: Federal land totals 3,005.18 acres and park-managed, non-

federal land totals 461.29 acres (NPS, 2001). With the exception of scenic drives and a

few historic structures, forests and grasslands—irregularly mowed according to a planned

maintenance regime—dominate the park area.

In 1999, natural resource staff at VFNHP approached NC State University’s

Center for Earth Observation with a project proposal to map the park’s vegetative

resources. The park had two basic objectives. The first was to create a digital,

orthorectified image mosaic from recent large-scale color-infrared (CIR) photography of

the VFNHP area. This image mosaic had to be compatible with the park’s GIS software

(ESRI ArcView) and be functional as a backdrop for map layer creation and editing. The

image mosaic also had to be assessed for conformance to National Map Accuracy

Standards (NMAS) for positional accuracy.

The second objective was to create vegetation maps of the park area. The chosen

classification scheme was the National Vegetation Classification System (NVCS), with
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specific reference to classes outlined in the working draft of the Terrestrial Vegetation of

the Northeastern United States, Pennsylvania and Ecoregion 61 Subset (Sneddon et al.,

1998). This classification scheme is a component of the USGS-NPS Vegetation Mapping

Program protocol (NPS, 1998; FGDC, 1997; Bailey et al., 1994). An initial map to the

formation level of the NVCS had to be created and assessed for its thematic accuracy

(using standards defined by the Vegetation Mapping Program). Then, using a variety of

collected field data and the formation map as guidelines, an alliance level map had to be

generated as well. The alliance map was intended as merely a preliminary product—

further thematic accuracy assessment, and subsequent map revision, is to be carried out

by other agencies. Ultimately, these maps are to serve as a data source for VFNHP staff

to make future natural resource management decisions.

The timeliness of this project cannot be overstated. The vegetation of Valley

Forge is at a critical stage, as researchers have discovered within the past few years.

Prior to this project, little comprehensive information on the park’s vegetation existed

(Heister et al., 2000). This was especially troubling since a number of forces have

combined in recent years to seriously threaten native vegetation. First, the park

experiences high visitor impact, having approximately 1.3 million official visitors a year

in addition to local commuter visitors (National Park Service, 2000). Second, there is an

extensive presence of aggressive, non-native vegetation in the park (Heister et al., 2000).

Estimates range as high as 1200 acres affected in some manner by exotic plant species

(National Park Service, 2001). This is combined with the fact that a large population of

white-tailed deer has seriously impacted native plants, with little effect on exotics

(Heister et al., 2000). In particular, field surveys have revealed a nearly 100% seedling
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mortality on Mount Joy, one of the largest forested areas in the park, with deer believed

to be the largest cause (Rosenbaum et al., 2000). A predictive model based on these

surveys suggest that there is a potential for major change from climax forest with

Liriodendron and Quercus types to smaller, shade-tolerant species, and that some canopy

loss can be anticipated over time (Rosenbaum et al., 2000). At the very least, the hope is

that the vegetation database created by this project could help natural resources staff

prioritize their conservation goals and develop an appropriate management strategy.

1.2 Project methods

With the park’s objectives in mind, it was necessary to consider the status of GIS

and image processing resources at the disposal of the Center for Earth Observation.

Other researchers in the Center had undertaken similar mapping projects using the NVCS

(Millinor, 2000; Slocumb, 1996). While these researchers utilized computer-based

approaches, they were naturally limited to applications available at the time of project

completion. A suite of new tools—particularly a user-friendly digital stereoscopic

software package (ERDAS Stereo Analyst)—made it important to assess the mapping

and image orthorectification methods chosen for this project. Beyond delivering the best

possible final products to VFNHP, the overall objective of this study was to examine the

relative merits of different digital and on-screen air photo interpretation techniques,

primarily with respect to their accuracy in portraying and classifying the vegetation of a

given study area.

1.2.1 Generating orthoimagery

The first major consideration was the testing of two current methods for

generating orthophotography. Within the context of ERDAS Imagine software, there are
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two options for orthorectifying digital images: a single-image method and an aerial

triangulation method. The single-image method uses six or more ground control points

(GCPs) drawn from a reference source, e.g., Global Positioning System (GPS) points or a

basemap, the locations of which are marked on an unorthorectified image. The original

coordinates of the image are transformed into geo-referenced coordinates through a least

squares adjustment, which uses the GCPs as well as an elevation model of the photo area

to correct for image displacement (ERDAS, Inc. [1], 1999). This solution is most

accurate when the root mean square error (RMSE) of the GCPs is minimized.

In the aerial triangulation method, the relationship between all overlapping

photos in a block is determined at once. There are three necessary steps in the process.

First, the user defines interior orientation parameters based on camera properties like the

calibrated principal point and fiducial positions. Second, relative orientation between

photos is determined by linking the images with simple, non-georeferenced “tie points”.

These tie points can be either user-determined or generated in an automated fashion.

Finally, exterior orientation parameters—positional characteristics relating each photo to

the ground—are estimated using the previous parameters and a limited number of GCPs.

Although their working principles are quite similar, the aerial triangulation method

should be preferred, because it is (at least in theory) faster. However, because aerial

triangulation uses less GCPs, orthophotos created using this method might be less

planimetrically accurate than orthophotos created via single-image orthorectification.

The Valley Forge project presented me with an opportunity to compare the accuracy of

these two techniques.
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1.2.2 Mapping approach

The second consideration involves the approach chosen to complete the

vegetation maps. Simple “heads-up” digitizing using imagery as a backdrop can be an

effective mapping approach, at least for formation level mapping. On the other hand,

though all digital viewing techniques offer the advantage of photographic enlargement

down to the level of individual pixels, the use of digital stereoscopy to perform on-screen

photointerpretation should yield a more accurate map product than monoscopic viewing

and interpretation of photos. First, it correctly identifies the borders between distinct

vegetation areas with greater consistency. Second, by adding features such as the ability

to observe tree crown shape and the height of vegetation, it potentially reduces both

errors of commission and omission in the classification of vegetation areas. However, it

may be difficult to set up and perhaps excessive for certain mapping projects. I intended

with this project to qualitatively assess the strengths and limitations of both techniques.

1.2.3 The National Vegetation Classification System

The NVCS was compiled to provide an adequate representation of the natural

plant communities in the United States. Its authors recognized that a true national

classification scheme did not exist at the time of its creation (Grossman et al., 1998). By

generating one, their hope was that organizations interested in conservation and resource

management would have a consistent way to quantify ecological richness and elucidate

trends in vegetative change. So, during the past decade, ecologists from The Nature

Conservancy and the Natural Heritage Network of state diversity offices compiled the

“first standardized terrestrial vegetation classification system” (Grossman et al., 1998).
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A hierarchical system, it takes into account vegetation physiognomy and species

composition as well as a variety of non-vegetative characteristics such as site topography,

hydrologic regime, and soil type.

Table 1 displays the basic hierarchy of the system as well as some class examples.

The upper five levels, through the formation, are physiognomic levels. For these levels,

vegetation delineation should be possible using characteristics observable in aerial

imagery. Although the resolution necessary to map to a specific level is debatable,

reaching the formation level seemed a reasonable goal given the large-scale imagery of

this project. The bottom two levels in the NVCS, alliance and association, are floristic

levels. Species abundance and composition are important to characterizing a site.

Notably, the alliance level is mainly concerned with the uppermost or dominant stratum

of vegetation. A knowledgeable photointerpreter should be able, with some facility, to

identify alliance groups using high-quality imagery—after identifying spectral

characteristics of certain plant species, textures and patterns for which to look, and other

recognition elements. This question was tested by the alliance map commissioned for

this project.

Table 1. The physiognomic-floristic hierarchy of the NVCS. (From Grossman et al., 1998)

LEVEL PRIMARY BASIS FOR CLASSIFICATION EXAMPLE
Class Growth form and structure of vegetation Woodland

Subclass Growth form characteristics, e.g., leaf phenology Deciduous Woodland
Group Leaf types, corresponding to climate Cold-deciduous Woodland

Subgroup
Relative human impact (natural/semi-natural, or
cultural)

Natural/Semi-natural

P
hy

si
og

no
m

ic

Formation
Additional physiognomic and environmental factors,
including hydrology

Temporarily Flooded Cold-
deciduous Woodland

Alliance
Dominant/diagnostic species of uppermost or dominant
stratum

Populus deltoides Temporarily
Flooded Woodland Alliance

F
lo

ri
st

ic

Association Additional dominant/diagnostic species from any strata
Populus deltoides - (Salix

amygdaloides) / Salix exigua
Woodland
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Beyond these concerns, there were issues regarding the local applicability of the

classification scheme for VFNHP. According to The Nature Conservancy (TNC), there

are gaps in the current set of vegetation types described by the NVCS. The latest

information about Pennsylvania from TNC’s NatureServe database, which details the

national status of ecological community classification, is as follows:

The existing state classification is currently being revised to better meet the needs
of several state agencies. Where possible, types are being matched or thoroughly
cross-walked to the national types…[the] eastern and western portions of the state
classification need to be compared and integrated. (Association for Biodiversity
Information, 2000)

It was important for the Valley Forge mapping project to identify those vegetation types

that are inadequately addressed by the current scheme and therefore require revision.

Since formation types are fairly broad in scope this was chiefly a concern at the alliance

level.

1.3 Project objectives

In summary, the following were my stated research goals for this project:

• Produce orthophoto mosaics from scanned aerial photography of VFNHP, using both

single-image and block triangulation methods. Then, compare the success of the two

methods via quantitative assessment of the positional accuracies of the image

mosaics.

• Create a vegetation map that conforms to the formation level of the NVCS via

“heads-up” digitizing with the photo mosaic as a backdrop. Then, based on collected
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field data, evaluate the success of this mapping approach via quantitative assessment

of its thematic accuracy.

• After revising the formation level map, and using both the assessment data and TNC-

supplied data as training information, develop a preliminary NVCS alliance level map

using ERDAS Stereo Analyst. Since accuracy assessment of the alliance map is yet

to be performed, analysis of this mapping approach is primarily qualitative. This

includes discussion of necessary revisions to the NVCS.
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2. LITERATURE REVIEW

2.1 The emergence of digital mapping techniques

During the last decade, vegetation mapping and similar cartographic efforts have

moved steadily into a digital environment. Arguably, this is because the tools enabling

such a methodology shift have only recently become widely available (Smith, 1995). In

particular, digital photographic data have become accessible to a wider variety of users.

Perhaps the most obvious example is the U.S. Geological Survey’s digital-ortho-quarter-

quadrangle (DOQQ) program, initiated in 1990 (Lear, 1997). Based on National Aerial

Photography Program (NAPP) imagery, these orthorectified, high spatial resolution (less

than 1 meter) images give users a readily available digital photographic data source

that—if plans go right—will be updated on a regular basis every 7 to 10 years (Lear,

1997).

Unfortunately, such off-the-shelf data do not always meet the needs of the end-

user. As a result, many organizations are examining in-house methods for developing

and utilizing their own high-quality photographic products (Brostuen and Cox, 2000).

Certain related terminology is beginning to appear in GIS periodicals as well as forestry

and vegetation science journals. For example, the term orthophotography refers to

images produced by various camera sources, geo-referenced with ground control points,

and then—incorporating elevation data for the photo area—resampled to create images

free of displacement. Relatedly, softcopy photogrammetry loosely describes a variety of

methods for extracting three-dimensional measurements (including automated ones) from

digital imagery, as well as creating orthophotographs (Mayfield, 2000).
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While orthophotography was first produced in the 1960s, high costs prevented it

from becoming a “commercial production reality” until five or six years ago (Smith,

1995). Similarly, the basic concept of softcopy photogrammetric workstations had

emerged by 1981, but it was many years before they became commercially viable

(Miller, 1992). Construction of the workstations’ viewing hardware was not especially

difficult. Instead, image file storage was the primary obstacle for system designers

(Miller, 1992). In fact, the 1980s saw the emergence of numerous low-cost digital

workstations, but typically creators had to make significant concessions, such as smaller

format cameras, because of limited computer speed and storage space (Mills and Newton,

1996). The results of these concessions—poor spatial resolution, slow work times—

deterred most vegetation mapmakers from fully embracing digital workstations while

more conventional methods still worked well (Welch et al., 1992).

However, as the pace of technology quickened and limitations were overcome, a

broader interest developed in self-produced digital photographic data. This increased the

importance of scanners in particular, and later digital cameras (Mills and Newton, 1996).

Despite some initial reluctance, many researchers moved away from top-of-the-line

photogrammetric scanners to more readily available units. In 1991, Cartsensen and

Campbell, examining the reliability of desktop scanners for cartographic digitization and

spatial analysis, came to generally positive conclusions about several relatively

inexpensive models. In particular, they asserted that desktop scanners have far more

potential than their manufacturers suggest. Moreover, they found scanner spatial

resolutions were good and their radiometric resolutions were quickly improving. They

also predicted that, by placing scanning technology in the hands of more people, more
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rapid advances could be expected during the next decade (Carstensen and Campbell,

1991).

This was an accurate prediction, and since their advent, scanned photos have been

employed in a variety of mapping approaches. Many researchers have used techniques

that hybridize digital image methods with more conventional ones. Some of this

stemmed from hardware and software limitations at the time of the research, but

continued confidence in traditional photointerpretation versus digital methods also played

a part. In 1999, Robert Doren, Roy Welch and several other researchers published a

series of articles on their efforts to create a database of the vegetation of the Florida

Everglades. When the project began in 1989, they were still hampered by a number of

technological limitations. In addition to the problem of image file storage, acquisition of

appropriate ground control data was a concern since DOQQs of the Everglades area were

unavailable as a reference source at the time (Welch et al., 1999). So at initial stages,

vegetation mapping was done at two levels (Doren et al. 1999). First, vegetation was

delineated on 1:15000 photo enlargements, and the delineated features were digitized into

a GIS. Then, for areas where higher-resolution products were necessary, they used

1:7000 CIR photos (Doren et al., 1999; McCormick, 1999). An example of this large-

scale assessment dealt with the spread of an exotic plant, Melaleuca (paperbark). In

performing this assessment, the researchers found the best operating technique was to

interpret the photos with a standard stereoscope. Then, the delineated features were

digitized into a GIS (McCormick, 1999).

A later stage of the Everglades project used medium-scale (1:40000) photos in a

broad vegetation survey of the area. Even at this scale, scanned images were still
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impractical for PC-desktop use, so the teams printed orthophoto enlargements and

delineated on acetate sheets. Occasionally, a manual stereoscope was used when

necessary (Doren et al., 1999). Ultimately, the researchers ended up with a seamless

vegetation database, but it took a variety of methods and a great deal of end-stage

integration to get to the final product.

Welch, along with other researchers, had employed these techniques for a smaller

project mapping marshland vegetation in Sapelo Island National Estuarine Reserve

(Welch et al., 1992). Again, feature extraction was done using overlays, although

because the study area was somewhat smaller, delineation was done on printed

orthophoto mosaics. In this study, thematic accuracy was not assessed, but positional

accuracy of delineated features ranged from ± 1 meter to ± 6 meters depending on the

source mosaic.

In a similar fashion, using GIS and scanned aerial photography, Baker et al.

(1995) mapped the tundra-krummholtz ecotone in Rocky Mountain National Park.

1:40000 photos (not in stereo pairs) were scanned at 200 dpi, and then the images were

orthorectified using 1:24000 USGS maps and digital elevation models (DEMs). With the

aid of binoculars, field personnel had already sketched the lines dividing the two

vegetation types on photo sleeves. These lines were then digitized using printed mosaics

as backdrops.

At nearly the opposite end of the spectrum from these more conventional

interpretive methods has been a trend to treat scanned aerial photographs as if they were

satellite remotely sensed data. More specifically, a number of studies have used scanned

aerial photography in image classification, treating the pixel values of the scanned photos



13

as if they were satellite images (Nilsen et al., 1999; Lobo et al., 1998: Duhaime et al.,

1997). Typically, these efforts involved complex algorithms tailored for textural or

discriminant analysis, and were moderately successful. However, as Goodchild (1994)

points out, remotely sensed data often has a “salt-and-pepper” effect—this lack of

uniformity might be counter to the management goals for specific vegetation mapping

projects. Furthermore, these methods often only work with very broad classification

schemes or with extremely specific reference sources (Nilsen et al., 1999; Duhaime et al.,

1997).

Indeed, Rutchey and Vilchek (1999) compared aerial photointerpretation and

digital image processing for mapping vegetation. Their focus was on the level of cattail

encroachment in vegetated areas in an Everglades impoundment basin. They

photointerpreted medium-scale CIR photos (1:24000) using a stereoscope, then digitized

features recorded on acetate sleeves into a GIS. At the same time, they algorithmically

classified a SPOT image of their study area using ERDAS Imagine software. Their

conclusion was that, for this type of mapping project, aerial photos were superior in terms

of thematic accuracy. In their view, SPOT image processing and classification is limited

because it relies heavily on tone and color of pixels. Admittedly, scanned photos are

typically of higher spatial resolution than SPOT images, but photointerpretation adds

size, shape, height, texture, location, and association characteristics to the mapping

toolset.

Similarly, McClintock (2000) compared several methods for mapping vegetation

at an ecological restoration site in the University of Wisconsin arboretum, including

manual digitizing from the original photos, classification/image processing of scanned
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photos, and “heads-up” digitizing of orthorectified photos using ArcView software. As

with Rutchey and Vilchek, McClintock discovered that image classification was not

successful because the spectral signatures were not distinct. Moreover, manual

interpretation on the original photos caused accuracy problems that he theorized were

because the photo scale was too small. For the stated purpose, digitizing in ESRI

ArcView offered the most advantages. Because the photos were scanned at a very high

resolution, it was possible to enlarge areas and change the display contrast

appropriately—a significant advantage over the somewhat limited hardcopy photos.

Moreover, because GPS points were used as ground control and the images were

orthorectified with little residual error, this allowed the delineation of a highly accurate

map of the restoration site.

McClintock’s results illustrate a mapping approach that has gained prominence in

the past several years. “Heads-up” digitizing, or digital monoplotting, is simply on-

screen vectorization using orthophotography as a backdrop. A number of studies have

used such methods and shown them to be a highly successful way of capturing accurate

map information (Brostuen and Cox, 2000). In fact, a number of researchers have even

suggested that stereo capability is unnecessary for some vegetation maps. To cite an

example, Cameron et al. (2000) examined the loss of native pinewood through time in

northern Scotland. The objective was to determine whether information on tree cover at

the level of the individual tree could be ascertained from orthophotos of different dates.

Photos from Scottish national surveys of four different decades were scanned at 400 dpi,

then orthorectified using Orthomax software (the precursor to the Orthobase software

used for this project). The images were mosaiced, and then the researchers used ERDAS
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Imagine’s “swipe” and “flicker” (visual comparison) functions to perform basic change

analysis between image sets. Although individual tree changes were not always clear, the

methods adequately indicated trends in tree loss. The researchers also employed a three-

dimensional viewer to help with visualization, but found, to their surprise, that it did not

improve interpretation.

Barrette et al. (2000) directly examined the advantages of stereo versus digital

monoplotting. As they pointed out, traditionally aerial photographs have been the most

widely used source for mapping natural resources, because they offer the potential of

stereo coverage as well as a sharper image than a scanned and orthorectified version of

the same photo. Obviously, this depends in part on the scanning resolution. However,

the study considered a bigger question: Whether photo quality (e.g., sharpness and

clarity) and stereoscopic vision are more important than the horizontal accuracy of

orthophotos. The researchers examined the positional accuracy of wetland boundaries as

rendered by two different methods. First, traditional air photo interpretation methods

were used for natural-color aerial photos (1:7200 scale). Second, “heads-up” digitizing

was performed on digital orthophotos generated from the original hard-copy photos,

scanned at 20-micrometer (approximately 1270 dpi) resolution. Separate classified maps

were derived from the two data sets. A few interesting results emerged. First, the

positional accuracy of the orthophoto data was better. The orthophoto-derived

boundaries were much closer to the true boundaries, although both methods

underestimated the extent of the wetlands. The distance difference between the two was

1.07 meters, which the authors pointed out is about the width of a pen at the photo scale.

Notably, viewing the aerial photographs in stereo did not provide advantages to the 2-D
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“heads-up” method for boundary delineation. The researchers praised orthophotos for

their magnification ability and color manipulation. Furthermore, they suggested that

digital orthophotography avoids the edge-matching problems associated with data

digitized from regular photos, and because it allows continuity in delineation, is more

time-efficient.

Several authors have predicted the emergence of digital monoplotting on

orthophotographs as the primary mapping approach of the future. Baltsavias (1995)

admitted that there are advantages to stereo imagery, e.g., stereo ortho-images offer better

feature recognition and allow a user to derive feature heights without an underlying

DEM. Nevertheless, he envisioned a wholesale movement towards digital monoplotting,

for a few basic reasons: It is easy, less cumbersome, and, arguably, does not require

photogrammetric expertise (Baltsavias 1995, Makarovic 1995). Moreover, there are

several GIS-related applications of basic orthoimages: as backdrops, in data fusion, for

creating image maps, for database update, and (although not explored as much) for new

database creation. Makarovic (1995) suggested that these new techniques would

supplement and partly replace traditional stereo-model based techniques. He also

asserted that digital monoplotting is particularly suited to semi-detailed and coarse

thematic mapping, where the required accuracy is not that high.

What, then, is the value of digital stereoscopic tools in vegetation mapping? As

Baltsavias (1995) suggested, there are still many vegetation characteristics viewable with

stereo coverage that cannot be viewed monoscopically. Kuchler (1967) summarized this

with respect to hard copy aerial photographs. First, areas that appear uniform on a photo,

particularly deciduous photos, reveal many distinct layers when viewed with a
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stereoscope. In addition, the ability to see variable heights, shadows, and shapes, can

help an interpreter to identify genera, if not species, of trees. These advantages are

especially pertinent given that the comparison of monoscopic and stereoscopic methods

in the literature has often hinged on the techniques’ ease of use. Until recently,

monoscopic methods were easier, without question. But as commercial, user-friendly

photogrammetric stations emerge, that gap is likely to diminish.

One possible reason for their dismissal by researchers is that digital stereoscopic

systems initially had poor interfaces with GIS. As a case in point, Miller et al. (1992)

outlined several photogrammetric systems developed under contract with the U.S.

Defense Mapping Agency. First was the Digital Stereo Comparator/Compiler (DSCC),

which allowed manual collection and editing of features in a CAD-style format. Next

was the DMA workstation, which was similar but offered an improved graphics

processor. After these emerged two low-cost systems, the HAI-500 and HAI-750, set up

on Sun Workstations, that offered triangulation processes as well as orthophoto product

generation. Despite their capabilities, none of the four systems were married to a popular

GIS as such. Data had to be exported so that it could be fully attributed and analyzable.

Skalet et al. (1992), in the same year, stated that the primary softcopy photogrammetry

activity at the USGS was the use of orthophotos in monoscopic revision workstations. It

is noteworthy, however, that the authors also anticipated a greater importance for digital

stereovision at the USGS as data processing and storage methods improved, and

theorized that it could become a primary operational scenario for the agency. Similarly,

Miller et al. (1992) predicted that commercial softcopy systems would flourish, and that
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because of their abilities for feature extraction and orthophoto generation, softcopy

systems could eventually be more cost-effective than analog systems.

Also appearing at that time, DVP began as a tool to help teach photogrammetric

students (Nolette et al., 1992). Eventually, though, it became the first true commercially

available softcopy photogrammetric setup. DVP works much like a combination of

Orthobase and Stereo Analyst, the software used for this thesis project. It can use

scanned aerial photographs, with the degree of achievable accuracy dependent on the

scanning resolution. In addition, it can be used with other stereo-oriented imagery. For

instance, Toutin (1997) mapped a variety of topographic features—roads, rivers, etc.—

from SAR scenes. Positional accuracies of maps based on this side-looking radar

imagery were quite favorable, despite a much lower spatial resolution than large-scale air

photos.

In DVP, image coordinates are determined by applying a transformation to the

pixel coordinates—i.e., block triangulation. However, at the time of its inception, the

software’s creators did make a few concessions. First, it was primarily set up for a split-

screen stereoscope, because emitter-based hardware would require a much higher-cost

system. (Incidentally, DVP now handles both setups). This was a significant tradeoff

because there is much less viewable area on-screen. Another limitation that persists in

the current DVP version is that its CAD-style data is not that easily transferable to GIS

format; instead, the data must be exported and converted to the appropriate format. Most

significantly, block triangulation must be completed in a software package separate from

DVP. However, Nolette et al. (1992) suggested a major advantage of DVP over other

contemporary softcopy systems: Non-photogrammetrists can use it as a mapping tool.
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Catts et al. (1998) explored the use of DVP in forest mapping. Their objective

was to quantify landscape change using aerial photos and an off-the-shelf PC platform

with user-friendly software (DVP, ArcView). The researchers developed their own

classification scheme with 12 broad classes for use by the authors’ agencies: EPA,

NRCS, and USFS. Some ground control came from GPS, and some from DOQQs and a

DEM. The images were scanned at 700 dpi. An ASCII coordinate file including camera

calibration parameters and fiducial offsets provided interior orientation information. For

relative orientation, eight points were selected in DVP. For absolute orientation, GPS

points were matched to the photos. After successfully establishing the stereo models, the

biggest problem the researchers encountered was that 2-dimensional GIS layers exported

from ArcView had to be manually adjusted to fall at ground level with every change in

the DVP stereo display. (This was more of an issue with implementing ancillary data

than with the actual photogrammetric interface.) Themes were vectorized in DVP, saved

to ASCII, and passed to ArcView via a script. In the authors’ view, vectorization could

be easily streamlined with ArcView scripting languages. Additionally, they noted two

major advantages: large magnification range and high resolution of vectors that cannot be

duplicated with pen and acetate. They suggested that these benefits largely offset the

limited stereo resolution of softcopy systems.

While this research might be compelling, the pros and cons of monoplotting

versus stereoscopic approaches may be rendered obsolete by the emergence of Orthobase

and Stereo Analyst software. Joint use of these two packages allows a user to create,

nearly simultaneously, orthorectified imagery and a usable stereo model of an entire
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block of photos. Furthermore, with both of these products available, a user then has the

option to decide which mapping approach is most appropriate for the project at hand.

Nonetheless, a noticeable trend emerged with many of these digital mapping

studies, regardless of approach: the struggle to find appropriate ground control. A

number of researchers cited the high cost of gathering enough GPS points, while others

lamented the limitations of DOQQs or similar reference data (Welch et al., 1992; Baker

et al., 1995). It has been demonstrated by some researchers that GPS can help

significantly in block triangulation (Blankenberg, 1994; Barrot et al. 1994,). However, a

vegetation mapping project using a methodology similar to this thesis achieved high

positional accuracy with just USGS DOQQs and DEMs (Millinor, 2000). A goal of this

project was to further demonstrate the adequacy of these sources in providing ground

control, even for block triangulation procedures.

2.2 Vegetation classification and mapping

“Vegetation mapping will necessarily always fall short of being a precise exercise

in scientific measurement…” (Goodchild, 1994)

Even before 1900, vegetation maps had gained some acceptance as tools for

research and management problem solving. Development of the vegetation mapping

discipline was rapid in the U. S. and somewhat slower in Europe, although countrywide

maps were in process for Russia, Switzerland, and other nations by the end of nineteenth

century (Kuchler, 1967). By the end of World War II, however, quality vegetation maps

were considered basically essential in Europe; in fact, a large portion of the U.S. Marshall

Plan funds went to making such maps (Kuchler, 1967).
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Not surprisingly—since ecology and related sciences were expanding rapidly—

principles for systematic vegetation classification evolved significantly during this time.

Of course, defining a classification scheme was, and continues to be, a difficult

proposition, because “vegetation is heterogeneous, the approaches to its classification

numerous, the purposes served by classification manifold, and the personal attitudes of

the [classifiers] perhaps equally varied” (Kuchler, 1967, p. 30). As a result, an

abundance of classification systems, based on a variety of vegetation characteristics—life

form, dominant species, and floristic composition—were introduced during the twentieth

century (Kimmins, 1997). These systems’ developers, working in different countries and

biomes, often asserted the superiority of their approach to others. Admittedly, that may

have been the case for their particular research setting; unfortunately, this individualized

approach to addressing unique conditions impeded the creation of a fully integrated

classification scheme (Kimmins, 1997).

Most of the early classification systems were distinguished by a focus on either

physiognomic or floristic characters (Muller, 1997). During the early part of this century,

members of these two “schools” disagreed strongly, but over time this ultimately resulted

in a refinement of classification methods (Muller, 1997). The physiognomic approach

has a long history dating back to the plant geographers of the early 1800s. It is

particularly strong at facilitating broad-scale comparison of vegetation types, e.g.,

formations, as well as the classification of areas with little detailed vegetation

information (Kimmins, 1997). On the other hand, conservationists often emphasize

communities as the best way to describe and protect ecological interactions not protected

by other means, and for many botanists floristic composition is the appropriate basis for
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classifying plant communities—particularly in regions with very heterogeneous

vegetation (Grossman et al., 1998; Muller, 1997). For example, the well-known Braun-

Blanquet method tries to place actual plant communities, growing in their individual

setting, into abstract, idealized classes called associations (Kimmins, 1997). As thorough

as they might be, many scientists criticized the Braun-Blanquet method and similar

approaches for a lack of objectivity and their general labor-intensity. Meanwhile,

physiognomic approaches, despite their limitations, have increasingly gained acceptance

(Mucina, 1997). This is not surprising, since such approaches are more in line with the

use of now widely available remotely sensed data.

A combined method, according to Mucina (1997), was inevitable. The NVCS

illustrates this point. When the worldwide UNESCO system—based primarily on

physiognomy—was devised in 1973, it was not widely accepted in the U. S., because it

did not seem useful on a local level (Jennings, 1999). Paralleling this, during the 1980s

state natural heritage programs (initiated by The Nature Conservancy) began to collect

floristic data about local plant communities, but without a coordinated national effort

(Jennings, 1999). When the 1994 draft of The Nature Conservancy’s National

Vegetation Classification was elevated to the FGDC National Vegetation Classification

Standard, it represented an integration of the UNESCO and natural heritage program

approaches (FGDC, 1997). More importantly, it was implemented with the belief that its

comprehensive, hierarchical structure allows flexibility in the degree of detail attained by

specific mapping efforts, while still keeping them firmly seated within the overall

scheme. Furthermore, as a comprehensive classification system, it is easily adaptable,

avoiding the costs of later reclassification (Kimmins, 1997).
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The importance of an integrated approach for vegetation mapping may not be

explicitly clear. However, one can at the very least accept the criterion that a vegetation

map is good if it serves its purpose well (Kuchler, 1967). Thus, an evaluation of the

elements necessary to fulfill a map’s purpose will help to indicate its successfulness.

Such components include the detail of the map, its scale, and the type and source of

reference data. Still, for most botanists, the most important aspect of a vegetation map is

the classification scheme (Muller, 1997). This point is noteworthy, because issues have

emerged regarding overconfidence in GIS and related mapping methods. Certainly,

technical limitations in digital vegetation mapping have been steadily overcome,

particularly in the last five years. In turn, some operators view the technology’s

usefulness for vegetation mapping with boundless optimism (Muller, 1997).

Nonetheless, it is important not to ignore the end-user—the ultimate goal is accurate

vegetation maps with easily understandable classes (Muller, 1997). Therefore, vegetation

mapping must be undertaken with a rigorous examination of the thematic as well as the

positional accuracy of the final products. That way, limitations of the mapping tools

specifically in the context of the classification scheme can be addressed for future

projects.

With this in mind, one focus of the FGDC in adopting the National Vegetation

Classification Standard was to include rigorous principles regarding the completeness and

accuracy of created maps. For example, the National Gap Analysis Program (GAP) aims

to provide, via use of the NVCS, ecological meaningful information at the regional and

national levels (Crist and Jennings, 1999). GAP has installed certain standard

requirements for completed map projects: a GIS coverage of actual landcover to the
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NVCS alliance level (or if necessary, an aggregation of alliances), the digital reference

data used to label and assess the map, per-class accuracy of 80% as a goal, detailed

accuracy assessment data, and use of the NVCS standard list of names and codes (Crist

and Jennings, 1999). The USGS-NPS Vegetation Mapping Program protocol used for

this thesis project is equally rigorous. As an illustration, Goodchild (1994) noted that few

mapping protocols explicitly define a minimum mapping unit (MMU) or a required

positional accuracy. The USGS-NPS Vegetation Mapping Program is a departure from

this, with a recommended MMU of 0.5 ha, as well as a requirement that maps conform to

the NMAS for positional accuracy (Bailey et al., 1994).

Unfortunately, only a few studies to date have examined application of the NVCS

in vegetation mapping. In addition, these studies have mostly suggested that continued

revision of the classification scheme and mapping protocols are necessary. Slocumb

(1996) developed a vegetation database for several small National Park Service units in

the southeastern U.S., based on 1:12000 aerial photos. The maps were created at the

formation level of the TNC National Vegetation Classification, the progenitor of the

NVCS. To start, field survey points were distributed across each park unit and assigned a

TNC alliance based on existing vegetation and other site characteristics. These alliance

designations were then used to revise a draft of the regional subset for the TNC

classification scheme. Homogenous areas of vegetation in the photos were identified

with a standard stereoscope and assigned a TNC formation. Finally, the delineated

polygons were digitized into a GIS.

Results were interesting in terms of their implications for the classification

scheme. First, it became clear that not all formation types present in the study area were
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included in the classification. It thus required some immediate revisions. Second,

although not a formal accuracy assessment, a comparison of the delineated polygons and

the formations associated with the field plots revealed a 32% disagreement between

them. These disagreements primarily had to do with distinguishing the percentages of

evergreen and deciduous trees in a polygon, the percentage of canopy closure, and the

moisture regime. They illustrated that, although classifications may seem clear-cut in the

field, a well-defined key must be part of the classification scheme if it is to be applied to

remotely sensed data with any degree of accuracy.

Stoms et al. (1998) detailed one of the first uses of the NVCS at a regional scale.

The project encompassed the extensive inter-mountain semi-desert region of the U. S.

(including parts of the following states: WA, OR, ID, NV, CA, UT, WY, CO, and MT).

To develop a standardized, comprehensive alliance map of the area, the researchers used

existing vegetation maps as training signatures in map-guided classification of Advanced

Very High Resolution Radiometer (AVHRR) data. This required “cross-walking” of the

older vegetation maps because the level of floristic detail of their classification schemes

differed greatly. After cross-walking was completed, the maps were sampled to provide

the training sites for the image classification process. The researchers encountered a

number of difficulties in completing the alliance map. First, a dominant species was

often important for more than one formation. Second, some cover types did not have a

clear diagnostic species. Third, grasslands were typically mapped accurately at only the

formation or sub-formation level. Especially because of this last problem, the researchers

concluded that the NVCS framework appeared to have difficulty delineating some

vegetation types below the formation level.
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LaPlaca (2000) found similar results while working with Landsat Thematic

Mapper (TM) data of Great Smoky Mountains National Park (GSMNP). This project

developed decision rules for classifying vegetation from pixel values of multispectral

Landsat data as well as land-form characteristics calculated from other data sources (e.g.,

USGS 30-meter DEMs). Based on the GAP protocol, the project goal was a

comprehensive map of forest, woodland, and shrubland vegetation to the NVCS alliance

level. A couple of significant conclusions emerged. First, while the basic decision rules

approach could be applied for areas other than GSMNP, extensive modification of the

rules would be necessary to make sure all alliances were addressed. Second, the GAP

criterion of mapping to the alliance level might be too ambitious. This study revealed

that, in order to assess the accuracy of the alliance map, a tremendous amount of ground

truth data would be necessary—this could be quite costly for an organization attempting

to make a small-scale alliance map.

Millinor (2000) had much more success in completing a formation level map of

Petersburg (VA) National Battlefield. Large-scale (1:3000) CIR photographs were

scanned and orthorectified to create an image mosaic, which then served as a backdrop

for the “heads-up” digitizing of vegetation polygons. These polygons were classified to

the formation level of the NVCS, and cartographic procedures were executed according

the USGS-NPS Vegetation Mapping Program protocol. Thematic accuracy of the map

was excellent, with an estimated overall accuracy of greater than 87%. Since this project

provided a basis for the methodology of the Valley Forge project, such positive results

suggested that success is quite possible using the NVCS with large-scale photographic

data. However, this conclusion must be qualified somewhat. First, the scale of the Valley
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Forge photos is smaller than for Petersburg, meaning less visual detail available to the

interpreter. More importantly, the southeastern U.S. subset of the NVCS is quite

developed: Distinguishing characteristics and vegetation type distributions are more

thoroughly detailed than in the northeastern U.S. subset used for Valley Forge. Finally,

the Petersburg project only went to the formation level of the NVCS. It did not examine

the possibility of successful alliance level mapping.

In their own reviews of the Vegetation Mapping Program, both the NPS and

USGS recognized some of the limitations of the NVCS-based protocol. A 1998 NPS

review acknowledged that the amount of field work, accuracy assessment, and analysis

necessary to produce detailed alliance level vegetation maps can be costly, but felt that

scaling back would limit the usefulness of the data, and should be prevented if at all

possible (NPS, 1998). A USGS review of the same year was somewhat more critical.

Although generally praising the program and urging it continue, it admitted that the

vegetation classification system was not well tested before the program’s initiation

(USGS, 1998). This has caused implementation issues because the classification

scheme’s definitions are still evolving. Nevertheless, the review suggested that

development of the floristic levels of the NVCS will be greatly accelerated as a result of

the Vegetation Mapping Program, ultimately improving later mapping efforts.

The USGS review team also echoed the comment of Mucina (1997), that the

need for a “common language” in vegetation mapping makes the NVCS and similar

initiatives good ideas, because they will contribute to the normalization of concepts and

accuracy standards as well as the presentation of data. Adams (1999), in reviewing a

variety of current classification schemes, was not as sympathetic towards the NVCS. He
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argued that if a classification scheme only allows users to perform tasks with difficulty

and ambiguity, it hinders understanding of ecological processes and problems. Indeed,

the results of the above-described studies suggest that the NVCS still has some vague

definitions to refine if vegetation types are to be demarcated accurately, and that it does

not always rely on vegetation characteristics easily identified from air photos and other

remotely sensed data. Nonetheless, the NVCS is a young system, and it is likely that

these refinements will come naturally with repeated use of the classification. More

troubling is Adams’s claim that anthropogenically altered vegetation, as well as

secondary vegetation, are not adequately described by current classification schemes.

Since VFNHP has been used heavily during the past two hundred years, I anticipated that

this potential inadequacy of the NVCS could be a significant issue in the completion of

the Valley Forge Mapping Project. However, this was secondary to my larger concern:

Whether or not the data and approach for the project were adequate to overcome the

obstacles to alliance level mapping outlined in the previous NVCS-based studies.
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3. MATERIALS AND METHODS

3.1 Initial preparation of the raw imagery

In November 1999, I received 49 color-infrared (CIR) photo-transparencies from

Air Photographics, Inc. of Martinsburg, West Virginia. These 1:6000 scale aerial images,

covering the VFNHP area in five north-south flight lines, were captured on September

12, 1999. Because the images were taken in late summer, the deciduous trees still had

their leaves. This is a departure from much aerial photography, which is typically flown

in the winter for leaf-off conditions. However, Kuchler (1967) suggested that leaf-on

photography would enable the interpreter to identify individual tree species, or at least

genera, and thus make very specific (e.g., NVCS alliance level) vegetation classifications.

Using an Epson Expression 836XL desktop scanner, I scanned the images and

imported them to Adobe Photoshop 5.0. They were scanned under normal scan mode,

with 36-bit color, no filters, and at a 600 dots-per-inch (dpi) scanning resolution. 600 dpi

represented a compromise in terms of image resolution versus file storage size. For

example, while 800 dpi would have improved spatial resolution from 10 to 7.5 inches per

pixel, this would have nearly doubled the file size from approximately 85 megabytes

(MB) to 150 MB. The imported images were saved in Tagged-Image File Format

(TIFF). For processing, I converted the TIFF images into Imagine’s proprietary *.img

format.

I acquired USGS 1:24000 black-and-white DOQQs for the Valley Forge

quadrangle from the Pennsylvania Geospatial Data Clearinghouse (www.pasda.psu.edu).

These images, with a spatial resolution of less than 1 meter, provided the x- and y-

coordinate reference for the orthorectification processes. After downloading the DOQQs
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in binary sequential (BSQ) format, I imported them into ERDAS Imagine 8.4 as generic

binary, unsigned 8-bit data. The projection information of the DOQQs—available as part

of the standard metadata on the USGS website—became the working projection for this

project, and I defined it for each DOQQ in Imagine (Table 2). This projection also

matched that of park boundary and hydrology data layers, provided in ESRI ArcInfo

coverage format, by the Natural Resources staff of VFNHP.

Table 2. Projection settings for the VFNHP project.

Projection: UTM
Datum: NAD 83
Zone: 18 North
X-Y units: Meters
Z Units: Feet
Spheroid: GRS 80

Two USGS 7.5-minute digital elevation models (DEMs), corresponding to the

Valley Forge and Collegeville, Pennsylvania quadrangles, provided the z-unit data for the

image orthorectification process. The cell values of these raster data sets represented

surface elevations in feet. They were acquired from the Pennsylvania Spatial Data

Clearinghouse in standard DEM file format. In the GRID module of ESRI ArcInfo, I

converted the DEMs to grid format, then re-projected them from their native NAD 27

datum to the UTM, NAD 83 projection detailed in Table 2. To create more elevation

data, I resampled the DEM grids from 30-meter pixels to 10-meter pixels using a cubic

convolution algorithm. I then mosaiced the two grids into a single file and imported it

into Imagine format. The Imagine versions of the raw un-orthorectified photos, the

merged DEM, and the DOQQs became the source material for both image

orthorectification procedures. (See Appendix A for a list of the ArcInfo DEM processing

commands.)
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3.2 Single-image orthorectification in Imagine

To orthorectify the scanned photos on an individual basis, it was first necessary to

define a geometric model—in this case a frame camera model—in Imagine that would

generally apply to all of the images (ERDAS, Inc. [1], 1999). The majority of this initial

information came from the calibration report for the camera used for this photo mission.

Aerial Photographics, Inc., supplied a copy of this report, based on a USGS examination

of the camera dated July 13, 1999. The calibrated principal point, focal length, and

fiducial offsets from this report defined the primary characteristics of the camera model.

In addition, the 10-meter DEM file was defined as the vertical reference for the camera.

The camera model file was saved in Imagine as a template for use with all the images.

To individualize the camera model for each image, interior orientation had to be

calculated (ERDAS, Inc. [1], 1999). In the Image Geometric Correction tool, I marked

the actual position of the eight fiducial marks on a photo. Then, I manipulated each

eight-point combination until the root mean square error (RMSE) was minimized (below

1.00 m).

With the camera model completed and applied to an image, I used Imagine’s GCP

Editor to set matching ground control points (GCPs) between the image and the

appropriate DOQQ. The GCP Editor (Figure 1) allowed me to select points from a

DOQQ, thereby recording x- and y-coordinate values. In addition, a corresponding z-

value was pulled from the DEM. After marking that same location on one of the VFNHP

images, the GCP Editor used Euclidean distance to determine the RMSE associated with

that point. Typical landmarks used as GCPs included markings on roads and in parking
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lots. Because some GCPs contributed more to the total RMSE for the image than others,

I added or deleted them as necessary to achieve a root mean square error (RMSE) below

one meter. At least six GCPs are required, but typically between seven and twelve GCPs

were necessary to achieve the desired RMSE (ERDAS, Inc. [1], 1999). I also took care

to spread the GCPs as evenly across the image as possible. Once the error was

minimized, the image was resampled into an orthophoto using a cubic convolution

interpolation method. Output cell size was set to the default value, derived from the

original resolution of the scanned images (approximately 0.25 meters).

Figure 1. The GCP Tool interface in ERDAS Imagine. (The left viewer of the GCP Tool displays one
of the raw aerial images for VFNHP. The right viewer displays one of the DOQQs.)

When all 49 images were orthorectified, I used Imagine’s Mosaic Tool to create a

single georeferenced image for the area. To do so, I drew area of interest (AOI) polygons
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on each orthoimage using Imagine’s AOI Tool. The AOIs served as templates to clip the

effective area from each orthophoto, to minimize overlap, and to remove any problem

areas (i.e., dark areas that made the vegetation indiscernible). Table 3 lists the

parameters adopted for the mosaicing process.

Table 3. Imagine Mosaic Tool settings.

Matching options: Use overlap areas
Grid sampling density: 16 x 16
RMS tolerance: 0.10 pixels
Resample method: Cubic convolution
Intersection options: No cutline exists
Intersection method: Feather
Output map area: Union of all inputs
Output cell size: Default (approx. 0.25 x 0.25 m)
Output data type: Unsigned 8-bit

The majority of these functions are the recommended defaults. Image histogram

matching was limited to photo overlap areas because a few test runs indicated this would

yield the best overall color balance for the mosaic. I chose the feather option—which

linearly interpolates the pixels in the overlap area—from the possible intersection options

(overlay, average, minimum, maximum) because it yielded the most visually seamless

mosaic. The final mosaiced image, encompassing all 49 orthophotos, was 1.28 GB. To

create a more manageable, portable image, I also compressed the mosaic using MrSID

(Multi-resolution Seamless Image Database) Geospatial Encoder software. The target

compression ratio was 20:1, yielding a 53 MB image.

3.3 Image processing with Imagine Orthobase

Processing in Orthobase was done via a “block file”, which stored all of the

parameters, tie points, and GCPs used in triangulation. The projection previously
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described in Table 2 served as the block’s reference system. Unlike the single-image

method, Orthobase required that I detail certain photogrammetric aspects of the project

(ERDAS, Inc. [3], 1999). These included the rotation system type, the photo direction of

the imagery, and the average flying height. The rotation system pertains to the axes used

to characterize a camera’s position at exposure time (ERDAS, Inc. [3], 1999). Three

rotation angles make up the system: omega is rotation about the photographic x-axis; phi

is rotation about the photographic y-axis; and kappa is rotation about the photographic z-

axis (ERDAS, Inc. [1], 1999). The order and direction of these angles can be

characterized according to a number of different conventions. I chose an “Omega, Phi,

Kappa” setup for the block, which is the convention recommended by the International

Society for Photogrammetry and Remote Sensing (ERDAS, Inc. [1], 1999). Then, I

selected a “Z-axis” photo direction, which indicated that the VFNHP images were aerial

photographs (Orthobase also supports terrestrial and oblique imagery). Last, I multiplied

the camera focal length (153.521 mm) times the scale denominator (6000) to determine

the average flying height of 921.126 meters.

After attaching the images (or “frames”) to the block file, I added a new camera

description using the block’s Frame Editor. Referring to the camera calibration report, I

defined the camera’s focal length, the calibrated principal point, and the fiducial offsets.

Then, I set the camera’s radial lens distortion using values from Section II of the

calibration report. This camera definition was applied simultaneously to all images in the

block.

As with the single-image orthorectification method, it was necessary to establish

interior orientation for each image in Orthobase (ERDAS, Inc. [2], 1999). This was done
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in the Frame Editor. First, I selected the fiducial orientation for each image from one of

four possible conventions. These conventions refer to the relationship between the

photo-coordinate system and the image position, and are indicated by the position of the

image’s data strip (ERDAS, Inc. [3], 1999). The images in the first, third, and fifth flight

lines were rotated 90 degrees relative to the photo-coordinate system, while those in the

second and fourth flight lines were rotated 270 degrees relative to the photo-coordinate

system. Then, using the Viewer Fiducial Locator, I marked the eight fiducial points on

each image, and manipulated them as necessary until the RMSE was less than 0.33

pixels. Notably, this is a stricter guideline than that for the single-image

orthorectification process (ERDAS, Inc. [3], 1999).

Orthobase also allows the user to provide estimated exterior orientation

parameters for the block of images. Since this was actually not necessary to run the

triangulation process, the only parameter I estimated was the kappa rotation angle. I

matched this value to the fiducial orientation settings, i.e., 90 degrees for the first, third,

and fifth flight lines, 270 degrees for the second and fourth flight lines.

3.3.1 Automatic tie point collection

With the properties for each “frame” (or image) defined, the next process was to

perform automatic tie point collection. Using the Orthobase Point Measurement Tool

(Figure 2), I started the process by manually selecting “tie points” between images. Tie

points are simple link-points between images that have no geographic reference. To

establish each tie point, a new point record was added in the Point Measurement

interface. Then to define the point, I marked it on each of two overlapping images. I

placed a total of 100 tie points, or approximately two points per each area of overlap, plus
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two points to tie together each of the five flight lines. Figure 3 depicts the distribution of

these manual tie points throughout the VFNHP block.

Based on these points, I ran an automatic tie point collection. Orthobase

calculated an additional 4,642 tie points linking the images. Although the automatic tie

point generation properties can be user-defined, I left them set to their default values.

However, I did set the intended number of tie points per image fairly high (200 points),

since a high number of tie points are beneficial to the aerial triangulation process

(ERDAS, Inc. [3], 1999).

Figure 2. The Point Measurement Tool interface in Imagine Orthobase.

3.3.2 Aerial triangulation

Aerial, or “block”, triangulation required placement of GCPs using the Point

Measurement Tool. As with the single-image orthorectification method, DOQQs and the
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10-meter DEM served as horizontal and vertical reference, respectively. Orthobase

requires that GCPs be distributed across the block at a minimum of one every three

images, and all edges of a photo block must have adequate GCP coverage (ERDAS, Inc.

[3], 1999). I placed a total of 114 GCPs on the photos (Figure 3 depicts their

distribution). The number of GCPs was larger than that required by Orthobase. However,

I anticipated that most problem points would be removed during a blunder checking

subroutine built into the aerial triangulation process (ERDAS, Inc. [3], 1999).

Figure 3. Distribution of manual tie points and GCPs in the photo block.

Using the parameters listed in Table 4, I ran an aerial triangulation for the block.

The aerial triangulation process generated both exterior orientation parameters and
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estimated x, y, and z coordinates for all 4,742 manual and automatically generated tie

points. By accepting the coordinates as true, I was able to transform the tie points into

GCPs. I then repeated the aerial triangulation using the same parameters, but this time

with essentially 4,856 GCPs. The resulting total unit-weight RMSE for the block was

0.3907. Appendix B details the x, y, and z components of the RMSE, as well as the

estimated exterior orientation parameters and their accuracies.

Table 4. Aerial triangulation parameters.

Maximum iterations: 10
Convergence value (meters): 0.001
Image point standard deviations: x = 0.33, y = 0.33 (pixels)
GCP type and standard deviations: x, y, z (all meters)
Interior type: Fixed
Exterior type: No weight
Blunder checking model: Timesaving robust checking
All other parameters: Default

3.3.3 Image orthorectification

With interior and exterior orientation defined, and with many GCPs established

throughout the 49-image block, a “stereo model” was ready for use in orthorectification

as well as in Stereo Analyst. In the single-image method, each image had to be

orthorectified individually. In Orthobase, however, resampling was done as a batch

process. Process settings were nearly identical to the single-image method, though I

used a bilinear interpolation resampling method—per ERDAS guidelines for

Orthobase—rather than cubic convolution (ERDAS, Inc. [3], 1999).

Once the orthophotos were generated, building a mosaic of the images was

similar to the process I employed for the single-image orthorectification mosaic. Again, I

used the AOI Tool to define an “area of interest” on each image that roughly

corresponded to the effective area and minimized overlap between images. The
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mosaicing process was run with nearly the same parameters as for the previous mosaic,

though a nearest neighbor interpolation method was recommended for use with

triangulation-generated orthophotos (ERDAS, Inc. [3], 1999). The Orthobase output

mosaic was essentially identical in size to the single-image mosaic. Moreover, the same

was true of the corresponding MrSID image I generated at a 20:1 target compression

ratio.

3.4 Positional accuracy assessment

Positional accuracy was particularly relevant for the image mosaics, since they

were not only the reference material for the vegetation maps but will be used as source

data for future mapping efforts in the park. The USGS-NPS Vegetation Mapping

Program protocol requires an adequate number of survey points to be spread evenly

across the study area (Bailey et al., 1994). Specific guidelines for the number of points

were not outlined in the protocol, although NMAS requires no less than 20 positional

accuracy points throughout the area covered by the map (ASPRS, 1990). In ArcView, I

created a 50-point theme by marking locations on the first image mosaic. For practical

purposes, I selected points that were not only visible in the image mosaic but would be

equally identifiable in the field. (A second theme, marking the 50 locations on the

Orthobase mosaic, also had to be created since the coordinates for these locations were

somewhat different.) I then generated field reference maps from an ArcView layout

depicting the points and image mosaics. Visiting VFNHP, I recorded the locations of the

50 points using a Trimble ProXRS GPS unit with real-time differential correction. I

logged a minimum of 30 positions at each point, remaining stationary for at least 150
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seconds. After transferring the GPS data to a desktop, I exported the logged point

features as a shapefile using Pathfinder Office. Meanwhile, coordinates for the mosaic-

based shapefiles were created with an ArcView script that adds x- and y-coordinates

based on projection and other layers. For both mosaics, I calculated separate

x- and y-direction positional accuracy estimates. I did this by averaging the difference

between the image data x- or y-coordinate and the GPS-recorded x- or y-coordinate for

each of the 50 survey points. In addition, I calculated the differences between the image

data and GPS coordinates with a Euclidean distance function: ( ) ( )2
1

2
1 YYXX −+− .

3.5 Formation level mapping using ArcInfo 8

Per the project objectives, I created a vegetation map for VFNHP delineated to the

formation level of the NVCS. On-screen digitizing was largely performed “heads-up” in

ArcMap GIS software using the image mosaic as a backdrop. Originally, I tried to

digitize in ArcView, but this was impractical because of slow drawing time and because

the polygon editing tool is fairly awkward. ArcMap has much better user-defined

snapping options, a faster draw time, and uses explicit projection information, a pattern I

was quite used to after working in Imagine.

I initially stored the delineated features as an ArcInfo coverage. This data model

was excellent at first because it allowed me to delineate all of the lines on the map, then

convert the line coverage to a polygon coverage for attributing. However, editing

polygons and adding attribute data in ArcMap was much easier using the new

geodatabase model introduced with ArcInfo 8 (Zeiler, 1999). So, I created a personal

geodatabase, and converted all project coverages to geodatabase feature classes.
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I delineated polygons representing homogeneous vegetation areas. Some

distinctions were based on obvious differences in land cover (i.e., developed versus

vegetation). With respect to vegetation, distinction between polygons came from clear

differences in stand height, color/spectral data (and thus, at least in theory, species)

composition, and texture. I attributed the polygons using decision rules based on

physiognomic and hydrologic regime categories of the NVCS, as well as a visual

evergreen-deciduous identification key (Appendix C). I made most decisions using the

monoscopic view offered by ArcMap (illustrated in Figure 4), although I employed a

stereoscope and the original hard-copy photos for questionable areas. Since NVCS

formation level classes are based largely on broad physiognomic characteristics, this

approach seemed appropriate. Furthermore, the leaf-on photography limited the visual

distinction between coniferous and deciduous stands, making a stereoscopic view far less

valuable. Ultimately, distinction between certain of the vegetated polygons came from

the DOQQs. For example, if there was a lot of dark but patterned texture in a polygon, I

classified it as mixed or coniferous. Moreover, if an area showed new growth (the

DOQQs, derived from NAPP photography shot in 1993, were older than the project

photos), I assumed it was successional vegetation, which based on my experience would

be coniferous forest. (However, after visiting Valley Forge to gather the thematic

accuracy data, it became clear that conifers had only a minor presence in the park except

where explicitly planted.)

The selected minimum mapping unit was 0.21 ha (approx. 0.5 acres)—smaller

than the area recommended by the Vegetation Mapping Program protocol. At times even

smaller distinctive areas were discernible from the photos, so these areas were delineated
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Figure 4. The ArcMap digitizing interface.
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as well. (Goodchild (1994) states it is quite common in a digital cartographic setting for

the MMU to be the smallest area that can be drawn and labeled at the scale of the map.)

To ensure that there are no problems with inaccuracies in the boundary GIS layer, I

mapped all polygons so that they extend one polygon out from the park boundary.

3.6 Thematic accuracy assessment of the formation map

I performed an initial thematic accuracy assessment of the formation map based

on data collected from field survey points. The scheme for selecting adequate points for

thematic accuracy assessment came from the USGS-NPS National Vegetation Mapping

Program protocol. The general protocol is outlined as follows: 30 sample points for

classes that occupied a majority of the area and a majority of the polygons, 20 points for

classes with many polygons but occupying little area, and 5 points for uncommon classes.

If a class has less than 5 polygons, all of them are to be sampled. (Appendix D further

describes the protocol’s sampling scheme.)

The actual polygons to be visited were picked randomly from each class using a

National Park Service-created ArcView extension (nps_akso.avx, available from the

Alaska Area regional NPS office). The survey point coordinates came from the centroid

points of the delineated polygons. These centroids were calculated in ArcInfo using the

CENTROID command, and the x- and y-coordinates were determined using the ADDXY

command. The centroids, with the exception of a basic ID number, were left unlabeled to

avoid biasing the field data collection, and their coordinates were exported as a waypoint

file and uploaded to a Trimble ProXRS GPS unit via Pathfinder Office. This waypoint

file was used to navigate to the points for the purposes of data collection.
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Establishment of a “ground truth” formation designation for each centroid was

based on data collected in the field. A 50-meter radius was recommended for each

reference plot when the minimum mapping unit is 0.5 hectare. Given the smaller MMU

used for this project, I applied an 18-meter radius (0.10 ha) to avoid any confusion

between polygons and to minimize ecotonal effects. Collected data included approximate

elevation, general topographic position (ridge top, mid-slope, etc.), percent canopy

closure, and dominant vegetation per strata. (With respect to vegetation, I collected data

for the canopy, sub-canopy, and shrub layers, with some limited details about herbaceous

vegetation). From these, I assigned a likely formation for the survey point, carefully

noting if any other formation types fell within the reference plot area.

I was able to gather information for 171 thematic accuracy assessment points. I

then prepared an error matrix comparing the field data to my map data. I calculated

overall thematic accuracy as well as users’ and producers’ accuracy for each class. After

correcting obvious errors, a final formation level map was generated for VFNHP. Per the

park’s wishes, certain cover types—especially in the “developed” categories—were

merged into broad, non-NVCS cover types. In addition, although all grasslands in the

park are the same formation, they are managed differently (some are mowed regularly,

some are mowed once a year or every two years). Park management requested that the

grasslands be broken out into separate polygons for mowed and tallgrass meadows—

designations I later used in the alliance level map. A list of all classes in the final

formation map is included in the Results section.
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3.7 Alliance level mapping using ERDAS Stereo Analyst

To provide a contrast to the monoscopic technique used for the formation map,

and to test the practical limits of the latest digital photogrammetric software, I classified

the park’s vegetation to the NVCS alliance level using ERDAS Imagine Stereo Analyst.

Since the VFNHP stereo model had been previously defined in Orthobase, it was ready

for immediate use in Stereo Analyst. CrystalEyes 2 stereo eyewear provided the on-

screen stereoscopic vision (Stereographics Corporation, unknown). In this setup, two

images of the on-screen display—representing left and right perspective views—are

alternated at a rate of 115 fields per second. The eyewear responds to signals from an

infrared emitter, synchronizing the glasses to the refreshing screen. As a result, I was

able to see three-dimensionally any overlapping pair of photos from the VFNHP block.

To capture data in Stereo Analyst, I created a new Stereo Analyst Feature Project.

This file type (*.fpj) is Stereo-Analyst-specific— although it basically organizes data like

an ArcView *.apr project file. Each feature class in the project—whether it is polygon,

line, or point in form—is stored as an independent ArcView shapefile. The Feature

Project Design dialog box includes 19 categories of pre-defined feature classes for a

variety of mapping applications. (For this project, I did not add any new feature classes

because I was importing several.)

Once the feature project was open in Stereo Analyst, I was able to import the

formation level map into the feature class project. Viewable in stereo, this feature class

became the starting point for the alliance level map. Control of the display characteristics

for the formation map and all other layers came from the Feature Class Palette—similar

to ArcView’s table of contents—within the Stereo Analyst interface. Every feature class
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Figure 5. Anaglyphic image of the Stereo Analyst interface.
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Figure 6. Field data collection points used as visual training data for alliance level mapping.
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that was edited in any way also had an automatically created backup shapefile. Figure 5

is an anaglyphic image depicting the Stereo Analyst user interface.

Vegetated polygons were given an alliance designation based partially on their

formation designation, but more so on the appearance of the vegetation as viewed with

Stereo Analyst. To identify which colors, textures, and patterns to look for in the

images—characteristics that would help to delineate the alliance type—I used field data

points as visual training data. 174 points came from the thematic accuracy assessment,

plus 3 additional field survey points. As previously noted, I had recorded detailed

vegetation information at each of these points. I received 80 additional plot data points

from Greg Podniesinski, a community ecologist with the Pennsylvania Natural Diversity

Inventory (affiliated with The Nature Conservancy). These plot points were labeled with

one of 11 preliminary alliance level class descriptions (Table 5), developed from plot data

and related research in the park. Moreover, based on the full descriptions of these

vegetation types (Appendix E), I was able to assign one of these classes to most of my

accuracy assessment points as well. This represented a total of 254 survey points useable

as visual training data (Figure 6).

After attuning myself to the distinctive characteristics of the vegetation using the

survey data, I assigned each polygon an alliance code, either based on the provided list or

the most appropriate alliance from the northeastern U. S. subset of the NVCS (Sneddon et

al., 1998). As Table 5 indicates, some of the vegetation types developed for VFNHP are

not currently cross-walked to the NVCS at the alliance level. In fact, some polygons that

were indicated to belong to the same “alliance” by the plot data had been previously
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assigned to different formations. Furthermore, a few particular vegetation types I

observed were not fully addressed by the list above or by the general NVCS listing.

While not an issue for this map’s creation—especially since it was a draft—it did require

that I create some subclasses or new classes to deal with these occurrences. The resulting

classification is more fully detailed at the end of the next chapter.

Table 5. Preliminary list of NVCS alliances for VFNHP.

DESCRIPTION CORRESPONDING NVCS CODE
Birch (Black Gum) Rocky Slope Woodland (PA-type) Not cross-walked
Quercus alba - (Q. rubra, Carya spp.) Forest Alliance I.B.2.N.a.27

Platanus – Fraxinus Floodplain Forest (temporary name) Not cross-walked
Grassland (Festuca Herbaceous Alliance) Not cross-walked
Liriodendron tulipifera Forest Alliance I.B.2.N.a.24

Modified Successional Forest (VAFO-type) Not cross-walked
Quercus prinus - (Q. coccinea, Q. velutina) Forest Alliance I.B.2.N.a.36

Pine Plantation (Pinus strobus Planted Forest Alliance) I.A.8.C.x.70
Successional Old Field (VAFO-type) Not cross-walked

Wet Meadow (PA-type) Not cross-walked
Acer saccharinum Temporarily Flooded Forest Alliance I.B.2.N.d.4

.
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4. RESULTS

4.1 Positional accuracy of the image mosaics

In the USGS-NPS Vegetation Mapping Program protocol, positional accuracy

assessment refers only to horizontal, and not vertical, map accuracy. Horizontal map

accuracy is defined as the RMSE “in terms of the project’s planimetric survey

coordinates (x, y) for checked points as determined at full (ground) scale of the map”

(ASPRS, 1990, p.1068). For a survey point, the RMSE is determined separately for each

coordinate direction, using the general formula,

RMSEx = ( )∑
=

−
n

i
ci XX

N 1

21 δδ (Merchant, 1985)

where N is the total number of ground survey points, δXi is the x-coordinate location

measured from the map, and δXc is the x-coordinate determined by a survey of higher

accuracy, e.g., differentially corrected GPS points. Substituting δYi and δYc, the same

formula is also applied in the y-coordinate direction.

X-coordinate and y-coordinate RMSE values for all 50 accuracy points, along

with a map of their distribution, are detailed in Appendix F. Per USGS-NPS procedures,

I determined the mean RMSE for the accuracy points (Bailey et al., 1994). The two

image mosaics had remarkably similar results. For the first mosaic, mean RMSE for the

x-coordinate direction was 1.18 meters and for the y-coordinate direction was 2.89

meters. For the Orthobase mosaic, mean RMSE was 1.26 meters for the x-coordinate

direction and 2.84 meters for the y-coordinate direction.

The National Map Accuracy Standard (NMAS) “class” of a map depends on both

the RMSE and the map scale. For 1:6000 scale data, the limiting RMSE for a map to be
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Class 1 accurate is 1.5 meters, and 3 meters for Class 2 (ASPRS, 1990). Multiple

accuracies for a map are allowed. Thus, both VFNHP mosaics can be practically called

Class 1 accurate in the x-coordinate direction and Class 2 accurate in the y-coordinate

direction. Most appropriately, however, determination of conformance to NMAS is

done with a hypothesis test. The null hypothesis—that the required standard error and

the estimated standard error are the same—is defined by a variable with a chi-squared

distribution and n-1 degrees of freedom, calculated as follows,

X2 =
( )
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(Bailey et al., 1994)

where n is the sample size, σx is the required accuracy standard and RMSEx is the

estimated standard error. The alternate hypothesis is that the estimated error differs from

the required error. The null hypothesis is accepted if the calculated chi-squared value is

less than the expected chi-squared value for a 95% confidence level at n-1 degrees of

freedom. For both mosaics, the expected chi-squared value is 67.50. Table 6 displays

the chi-squared values calculated for both mosaics at the appropriate standard error level

for each NMAS map class. Accordingly, both mosaics fail to reject the null hypothesis at

the Class 1 level for the x-coordinate direction and at Class 2 for the y-coordinate

direction.

Table 6. Chi-squared statistics for positional accuracy of the image mosaics.

NMAS MAP CLASS:
CLASS 1 CLASS 2 CLASS 3

(S. E. = 1.5 m) (S. E. = 3 m) (S. E. = 4.5 m)
Single-image mosaic

x-direction 38.69 19.35 12.90
y-direction 94.55 47.27 31.52

Orthobase mosaic
x-direction 41.32 20.66 13.77
y-direction 92.86 46.43 30.95
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Positional accuracy can also be evaluated in terms of a mean Euclidean difference

for the survey points,

=

( ) ( )
N
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n

i
∑ +
= 1

22 δδ

where N is the total number of survey points, δX is the difference between the map and

the surveyed x-coordinates for a point, and δY is the difference between the map and the

surveyed y-coordinates for the point. For the single-image mosaic, difference values for

the survey points ranged from 1.13 meters to 5.24 meters, with a mean Euclidean

difference of 2.99 meters. For the Orthobase mosaic, difference values ranged from 0.36

meters to 6.58 meters, with a mean Euclidean difference of 2.91 meters.

4.2 Thematic accuracy of the formation map

An error matrix (Table 7) displays the results of the thematic accuracy assessment. The

cells in the main highlighted diagonal indicate polygons that were correctly identified on

the map according to field reference data for those areas. The off-diagonal cells indicate

incorrectly classified polygons. This error matrix is somewhat revised from an original

matrix. First, 19 accuracy assessment points pertained to polygons labeled with a

temporary “mixed forest” placeholder. Although I believed these areas to be deciduous

forest, because of some dark patches on the DOQQs, I was concerned there might be

some evergreen trees. After visiting the field, it was clear that evergreen presence in

these areas was minor, so I reassigned the entire group to the “lowland or submontane

cold-deciduous forest” (I.B.2.N.a) formation, and considered them correctly classified.

Furthermore, one accuracy assessment point was labeled as a “transportation corridor”,

Mean Euclidean
difference
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Table 7. Error matrix for the formation map thematic accuracy assessment.

Reference Totals
Class # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Total Cl. Total CE

I.A.8.C.x 1 2 1 3 1
I.A.8.N.b 2 1 0 3 1 5 5
I.A.8.N.c 3 0 - -
I.B.2.N.a 4 43 4 47 4
I.B.2.N.d 5 4 1 5 1
I.B.2.N.e 6 0 - -
I.C.3.N.a 7 1 2 0 1 1 5 5
I.C.3.N.b 8 0 2 2 2
II.A.4.N.a 9 0 2 2 4 4
II.B.2.N.a 10 1 2 1 4 2
II.B.2.N.b 11 0 1 1 2 2
II.B.2.N.c 12 0 - -
II.C.3.N.a 13 1 2 0 3 3
III.A.2.N.a 14 0 1 1 2 2
III.B.2.N.a 15 0 - -
V.A.5.N.e 16 0 1 1 2 2
V.A.5.N.l 17 0 - -

V.A.5.N.m 18 0 - -
V.A.C.5.x 19 1 26 2 29 3

NURSERY 20 7 7 0
TRANS 21 9 9 0

DEV 22 1 36 37 1
CROP 23 0 - -

GROVE 24 1 1 0
WATER 25 4 4 0

Total Ref. 3 - 1 47 10 1 3 - - 10 - 1 2 - 2 - 1 1 29 7 9 37 2 1 4 171
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Total OE 1 - 1 4 6 1 3 - - 8 - 1 2 - 2 - 1 1 3 0 0 1 2 0 0
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although the polygon to which it pertained was clearly labeled as deciduous forest on

maps I created. Therefore, I ignored this as a data entry error rather than a map

classification error.

Incorporating these revisions, 134 of the 171 surveyed polygons were correctly

identified. This translates to an overall accuracy of 78.36% for the original map

classification. In practical terms, this nearly meets the USGS-NPS Vegetation Mapping

Program standard of 80% for overall thematic accuracy. However, according to the

Program’s protocol, whether the calculated accuracy meets the claimed accuracy of 80%

should be determined with a hypothesis test (Bailey et al., 1994). The null hypothesis—

that the calculated accuracy and the claimed accuracy are the same—is determined by a

variable with a Student’s t distribution and n-1 degrees of freedom,

t =

n

pp

pp

)1(

ˆ

−
−

(Bailey et al., 1994)

where n is the sample size, p is the claimed accuracy (80%), and p̂ is the calculated

accuracy. The calculated t value is compared to the threshold value of 1.645 for a two-

sided test at a 90% confidence level and 170 degrees of freedom. The t value calculated

based on the project data was 0.535. This is far less than the threshold value, so the null

hypothesis holds and the map can be said to fit the NMAS for overall thematic accuracy.

A 90% confidence interval can also be constructed. The USGS-NPS Vegetation

Mapping Program recommends using the following equation to construct the interval,
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where n is the sample size, p̂ is the calculated accuracy, and zα is the value from a z-

distribution at significance level α (1.645 in this case). The calculated confidence

interval for the overall thematic accuracy value is 72.89% to 83.83%.

It is important to note that the above-described estimates represent only the initial

overall accuracy results. Based on the accuracy assessment, the 171 surveyed polygons

were re-attributed as necessary. In fact, the entire map was revised according to the

information gathered during assessment. There are 391 polygons in the formation map.

Assuming the 171 field-surveyed polygons are now correct, if the remaining 220

polygons were 78.36% correct, this would yield a minimum overall accuracy of the

revised formation level map of 87.82%. Even if the lower bound of the 90% confidence

interval (72.89%) was used to estimate the accuracy of the remaining polygons, minimum

overall accuracy would be 84.75%.

The sum of the off-diagonal cells in each row of the error matrix indicates the

commission error for that particular class. Commission error means that map polygons

were committed to the class in question, but in the field turned out to belong to a different

class. The sum of the off-diagonal cells in each column indicates the omission error for

that particular class. Omission error pertains to areas that actually (i.e., in the field)

belonged to the class in question, but were omitted from that class on the map.

Commission and omission error translate into producers’ and users’ accuracy,

respectively. Table 8 lists the producers’ and users’ accuracies by class. These

accuracies tended to be very high or very low. Many of the low accuracies occurred in

rare classes with only one or a few polygons, so any classification errors had a magnified

impact on accuracy. Ultimately, most of these problem classes were removed in the final
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formation map. Furthermore, as I revised the map, I paid close attention to the patterns

and causes of my classification errors. A description of the reasons for these classification

errors follows in the Discussion section (Chapter 5).

Table 8. Per-class producers’ and users’ accuracies for the formation level map.

Percent correctly classified can be a misleading statistic, because a certain number

of correctly identified classes is expected to occur by chance (Goodchild, 1994). In

contrast, Cohen’s Kappa statistic indicates how much of an improvement a classification

effort is over a completely random classification of the same area. Kappa, or Khat, is

calculated by the following formula,

CLASS
NUMBER

CORRECT
REFERENCE

TOTAL
CLASSIFICATION

TOTAL
PRODUCER’S
ACCURACY

USER'S
ACCURACY

I.A.8.C.x 2 3 3 66.67% 66.67%

I.A.8.N.b 0 0 5 - 0.00%

I.A.8.N.c 0 1 0 0.00% -

I.B.2.N.a 43 47 47 91.49% 91.49%

I.B.2.N.d 4 10 5 40% 80.00%

I.B.2.N.e 0 1 0 0.00% -

I.C.3.N.a 0 3 4 0.00% 0.00%

I.C.3.N.b 0 0 2 - 0.00%

II.A.4.N.a 0 0 4 - 0.00%

II.B.2.N.a 2 10 4 20% 50.00%

II.B.2.N.b 0 0 2 - 0.00%

II.B.2.N.c 0 1 0 0.00% -

II.C.3.N.a 0 2 3 0.00% 0.00%

III.A.2.N.a 0 0 2 - 0.00%

III.B.2.N.a 0 2 0 0.00% -

V.A.5.N.e 0 0 2 - 0.00%

V.A.5.N.l 0 1 0 0.00% -

V.A.5.N.m 0 1 0 0.00% -

V.A.C.5.x 26 29 29 89.66% 89.66%

NURSERY 7 7 7 100.00% 100.00%

TRANS 9 9 10 100.00% 90.00%

DEV 36 37 37 97.30% 97.30%

CROP 0 2 0 0.00% -

GROVE 1 1 1 100.00% 100.00%

WATER 4 4 4 100.00% 100.00%
Total 134 171 171
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where r is the number of classes in the matrix, xii is the number of observations in the

diagonal (i.e., row i and column i), xi+ and x+i are the marginal totals for row i and

column i respectively, and N is the total number of survey points. Kappa can range from

0 to 1, with 0 being the least possible improvement and 1 being the most (Jensen, 1996).

Khat for the VFNHP formation map was 0.7416.

4.3 Final NVCS formation map

Figure 7 shows the final formation level map for VFNHP, after thorough revision

based on the accuracy assessment. There are 391 polygons total, representing an increase

on the 342 of the original formation map. The additional polygons were delineated for

two reasons. First, the park staff asked that grassland areas be broken into different

classes based on their mowing regime: tallgrass versus regularly mowed. This required

the addition of many new polygons. (However, these two grassland types are still in the

same formation—I actually distinguished between them in the alliance level map.)

Moreover, some polygons were subdivided based on accuracy assessment observations

that indicated more than one formation type was present.

Table 9 lists the polygon counts and land cover percentages for the formation map

classes. In terms of vegetation, two classes clearly dominate Valley Forge. First,

lowland or submontane cold-deciduous forest (I.B.2.N.a) occupies 41% of the polygons

and 26% of the park’s area. This is logical, since this formation includes both the dry oak



58

Figure 7. Final formation map.
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forests that dominate the park’s steeper slopes, as well as the Liriodendron tulipifera

forests that dominate the lower portions of the park. Second, planted/cultivated

temperate or subpolar grassland occupies 21% of the polygons and 31% of the park’s

area. This class includes the park’s many grasslands maintained as part of the cultural

landscape of Valley Forge. Temporarily or seasonally flooded deciduous forest

(I.B.2.N.d and I.B.2.N.e) also occupies a modest percentage (5%) of the park’s area,

primarily along the Schuylkill River that divides the northern and southern sections.

Table 9. Polygon counts, hectarages, and acreages for the formation map classes.

CLASS DESCRIPTION COUNT HECTARES ACRES
CROP Agricultural or crop land 6 69.29 171.22
DEV Developed land 39 284.34 702.63

DISTURB Recently disturbed area (dead vegetation) 2 1.24 3.08
GROVE Ornamental/memorial grove 3 9.21 22.77

I.A.8.C.x
Planted/cultivated temperate or subpolar needle-
leaved evergreen forest

9 16.29 40.24

I.A.8.N.c
Conical-crowned temperate or subpolar needle-leaved
evergreen forest

1 0.28 0.70

I.B.2.N.a Lowland or submontane cold-deciduous forest 160 444.30 1097.90
I.B.2.N.d Temporarily flooded cold-deciduous forest 26 88.50 218.70
I.B.2.N.e Seasonally flooded cold-deciduous forest 5 5.08 12.54
I.C.3.N.a Mixed needle-leaved evergreen forest 3 2.12 5.25
II.B.2.N.a Cold-deciduous woodland 16 19.51 48.21
II.B.2.N.c Seasonally flooded cold-deciduous woodland 1 4.15 10.26

II.C.3.N.a
Mixed needle-leaved evergreen - cold-deciduous
woodland

3 10.49 25.92

III.B.2.N.a Temperate cold-deciduous shrubland 4 7.40 18.28
NURSERY Former tree nursery site 3 32.86 81.20
QUARRY Former asbestos quarry 1 3.16 7.81
TRANS Transportation corridor 9 120.52 297.82

V.A.5.C.x Planted/cultivated temperate or subpolar grassland 84 538.33 1330.26
V.A.5.N.k Seasonally flooded temperate or subpolar grassland 6 2.14 5.30

V.A.5.N.l
Semipermanently flooded temperate or subpolar
grassland

1 0.92 2.26

V.A.5.N.m Saturated temperate or subpolar grassland 3 1.54 3.80
VII.B Talus sparse vegetation 2 0.39 0.97

WATER Water 4 66.66 164.72
Total 391 1728.74 4271.84

There are a few specific areas that require explanation. The park has three

memorial tree groves or arboretums that I separated out because they have no appropriate
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NVCS designation. Furthermore, two polygons—apparently areas treated with herbicide

for the presence of invasive plants—did not have live vegetation in the photos, so they

were assigned to a DISTURBANCE category as a temporary placeholder. In addition, an

old quarry site (off-limits because of asbestos presence) and a former commercial tree

nursery were assigned their own classes at the request of the park’s natural resources

staff.

4.3 Preliminary alliance level map

The preliminary alliance level map is shown in Figure 8. The classes for this map

included the non-NVCS categories used for the formation map (CROP, DEV, GROVE,

NURSERY, QUARRY, and TRANS), as well as the eleven preliminary alliance types

outlined for VFNHP by The Nature Conservancy (Podniesinski and Lundgren, 2001). I

further divided two of these alliance types into subtypes. As previously mentioned, park

staff requested the Grassland (Festuca Herbaceous Alliance) class be broken into mowed

and tallgrass categories, based on the mowing schedule for these areas (9-12 times a year

for mowed versus 1-2 times a year for tallgrass). More significantly, I created five

subtypes for the Modified Successional Forest (MSF) class. The TNC description of this

class is broad, and reviewing the MSF-labeled “training data” points in the Stereo

Analyst as well as my field notes, it was clear that the class included areas of very

different species composition and physiognomy. Therefore, I established these subtypes

to provide further detail about some of the polygons that fell in the MSF category. For

example, I created the tree-of-heaven (Ailanthus altissima) and black locust (Robinia

pseudoacacia) subtypes because, although these tree species are acknowledged as
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Figure 8. Preliminary alliance map.
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possible associates for MSF, there were a few polygons where they were overwhelming

canopy dominants—quite different from the white ash (Fraxinus americana) and black

walnut (Juglans nigra) canopy mix common to most MSF areas. The vine-dominated

subtype describes areas where vines such as oriental bittersweet (Celastrus reticulata)

arrested the normal process of forest succession, creating an open woodland-like canopy.

In fact, I defined these areas as deciduous woodlands, rather than forest, for the formation

level map. (I also placed the two DISTURBED polygons in this category, since TNC

field data suggested vines are rapidly overtaking these areas.) Similarly, the Juniperus

virginiana subtype describes polygons with the invasive vine presence common to all

MSF areas, but that also had a woodland physiognomy dominated by eastern red-cedar

rather than the typical mix of hardwood species. Finally, the floodplain subtype

describes forest areas that exhibited typical MSF characteristics, but are—at least in

theory—temporarily flooded because of their location on the Schuylkill River floodplain.

To describe some areas not captured by the eleven draft alliance categories, it was

necessary to add some classes. Betula lenta – Tsuga canadensis Forest (BTF) describes a

unique area where sweet birch is the canopy dominant, while eastern hemlock is common

in the sub-canopy. Both park staff and TNC ecologists acknowledged the vegetation

type, but it currently has no NVCS equivalent. I also classified one polygon as Catalpa

speciosa Forest (CSF), as this species made up virtually the entire canopy. Since catalpa

is non-native and the polygon encompasses a former homesite, the area might alternately

be classified as Modified Successional Forest; however, catalpa is not listed as one of the

associate tree species for MSF. Like BTF, there is no NVCS equivalent for this

vegetation type.
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I classified one polygon as Tsuga Canadensis Forest Alliance (I.A.8.N.c.70)

because of the species’ nearly monospecific presence there. Ultimately, this area may be

better described as planted eastern hemlock forest, but I assigned it to the native alliance

for now. In addition, I assigned two polygons to the Juglans nigra - Aesculus glabra -

Celtis (laevigata, occidentalis) Forest Alliance (I.B.2.N.a.20). Normally, this alliance’s

distribution is limited to areas southwest of Pennsylvania (Tennessee and Kentucky in

particular). However, some characteristics of the two polygons fit the alliance’s

description: The polygons are in the middle of large grassland/agricultural expanses and

they are dominated by secondary growth of hackberry (Celtis spp.) and black walnut

(Juglans nigra). Buckeye (Aesculus glabra) was not present, but it is not a necessary

species according to the alliance description.

The MIXED category includes three areas that had white pine (Pinus strobus) as

the dominant canopy species, but also had a significant hardwood component. This

category is probably something of a broad, catch-all vegetation type similar to MSF. In

fact, these polygons could probably be placed in MSF, but I separated them out because

their species composition was noticeably different from the MSF description.

The Birch (Black Gum) Rocky Slope Woodland vegetation type occurs along the

margins of talus slopes or boulder fields (Podniesinksi and Lundgren, 2001). However,

at the two sites in VFNHP where this type occurred, portions of the boulder fields had no

tree cover at all, and only sparse herbaceous vegetation. Therefore, I delineated these

areas separately, classifying them as Lowland Talus Sparse Vegetation Alliance

(VII.B.1.N.a.1).
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Finally, I should note that the Wet Meadow (PA-type) category includes all of the

park’s herbaceous wetlands, even though I assigned these areas to different formations in

the original map. While their hydrologic regimes and—to a certain degree—their species

compositions vary, I do not have enough data currently to give them distinct NVCS

alliance designations. Further information will be necessary to determine their final

alliance level classifications.

Table 10 depicts the polygon counts and land area of the alliance map classes. It

appears that the current forests of VFNHP are largely successional in nature.

Liriodendron tulipifera Forest Alliance occupies 25% of the park’s forest area, nearly

equal to the two oak-dominated alliances combined (27%). More significantly, Modified

Successional Forest occupies 31% of the park’s forest area. MSF is particularly common

in the eastern and northern portions of the park, where forest cover is more fragmented.

Similarly, although the floodplain is still dominated by the Platanus-Fraxinus forest type,

MSF has also encroached there, particularly in areas adjacent to development. The most

intact native forests appear limited to the steeper slopes of the two large hills, Mount

Misery and Mount Joy, in the western portion of VFNHP, as well as in some of the

park’s wettest areas. Regardless, the above-described five classes make up the vast

majority of the park’s woody vegetation, with even Pinus Strobus Planted Forest

Alliance—the most extensive of the remaining forest types—occupying less than 3% of

the park’s forested area. Lastly, about 70% of the park’s grasslands are managed as

tallgrass meadow, although this percentage includes a few areas at the park’s boundary

that may not be part of its active management regime.
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Table 10. Polygon counts, acreages, and hectarages for the alliance map classes.

CLASS DESCRIPTION COUNT HECTARES ACRES
BTF Betula lenta - Tsuga canadensis Forest 2 4.73 11.69

CROP Cropland 5 69.29 171.22
CSF Catalpa speciosa Forest 1 0.21 0.51
DEV Developed land 39 284.34 702.63

GRASS-M Grassland (Festuca Herbaceous Alliance) - Mowed 37 163.56 404.17
GRASS-T Grassland (Festuca Herbaceous Alliance) - Tallgrass 46 374.77 926.09
GROVE Planted ornamental tree grove 3 9.21 22.77

I.A.8.C.x.70 Pinus strobus Planted Forest Alliance 9 16.29 40.24
I.A.8.N.c.70 Tsuga canadensis Forest Alliance 1 0.28 0.70

I.B.2.N.a.20
Juglans nigra - Aesculus glabra - Celtis (laevigata,
occidentalis) Forest Alliance

2 0.38 0.93

I.B.2.N.a.24 Liriodendron tulipifera Forest Alliance 51 151.25 373.75
I.B.2.N.a.27 Quercus alba (Q. Rubra, Carya spp.) Forest Alliance 24 82.72 204.41
I.B.2.N.a.36 Quercus prinus (Q. coccinea, Q. velutina) Forest Alliance 13 75.43 186.39
I.B.2.N.d.4 Acer Saccharinum Temporarily Flooded Forest Alliance 2 3.82 9.43

MIXED Mixed White Pine - Hardwood Forest 3 2.12 5.25
MSF Modified Successional Forest (VAFO-type) 64 128.45 317.41

MSF-A
Modified Successional Forest (VAFO-type) - Ailanthus
altissima dominant

3 1.33 3.29

MSF-F Modified Successional Forest (VAFO-type) - Floodplain 6 25.09 62.00

MSF-J
Modified Successional Forest (VAFO-type) - Juniperus
virginiana type

3 10.49 25.92

MSF-R
Modified Successional Forest (VAFO-type) - Robinia
pseudoacacia dominant

1 0.36 0.89

MSF-V Modified Successional Forest (VAFO-type) - Vine-dominated 15 18.85 46.59
NURSERY Old nursery site 3 32.86 81.20

PFF Platanus - Fraxinus Floodplain Forest 24 68.83 170.08
QUARRY Old quarry/reclamation site 1 3.16 7.81

RSW Birch (Black Gum) Rocky Slope Woodland (PA-type) 2 1.35 3.33
SOF Successional Old Field (VAFO-type) 4 7.40 18.28

TRANS Transportation corridor 9 120.52 297.82
VII.B.1.N.a.1 Lowland Talus Sparse Vegetation Alliance 2 0.39 0.97

WATER Water 4 66.66 164.72
WM Wet Meadow (PA-type) 10 4.60 11.36
Total 391 1728.74 4271.84
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5. DISCUSSION

5.1 Quality of the orthoimage mosaics

Since the mean RMSE values for positional accuracy were virtually identical for

the two mosaics, I believe either could serve equally well as a backdrop for “heads-up”

digitizing or similar GIS-based tasks. In particular, with an error less than 1.5 meters in

the x-coordinate direction and less than 3 meters in the y-coordinate direction, they both

can supply highly accurate geographic coordinate information.

Nevertheless, it is noteworthy that the mosaics meet the NMAS Class 1 map

qualifications for the x-coordinate direction only. There are a number of possible

reasons for this. First, the scanning resolution does affect the quality of the positional

information derived from the image data: Positional accuracy is directly related to pixel

size. A higher dpi setting might remedy the problem, but there would still be the issue of

file storage size to consider.

A more likely, and perhaps more addressable, source of error is the ground

control reference data, both horizontal and vertical. DOQQs, with their 1-meter

resolution, should provide low residual error with reasonable reliability. However,

DOQQs—as is true for all USGS data—have a certain degree of allowable error by

National Map Accuracy Standards (Baker et al., 1995). Thus, they are not a perfect

source of horizontal coordinate information. Moreover, since the VFNHP DOQQs were

black-and-white, they did not always present a straightforward match with the scanned

aerial photographs. The DEMs used for vertical reference are also problematic. Even

when resampled to 10 meters, the resolution of the DEMs is far coarser than that of the
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scanned imagery. The DEMs also have allowable error per NMAS, even more

significant because they serve as source data for DOQQ creation (Lear, 1997; Baker et

al., 1995). Some researchers have used GPS or stereoplotters to build their own DEMs

for vertical reference (Lebel and DeRoza, 1999; Welch et al., 1992). However, for

National Park Service mapping projects, a more realistic option for deriving accurate

reference data would be to record a network of differentially corrected GPS points on the

ground and link those to the photos. For some National Park Service units, GPS points

might be the only choice, due to a lack of identifiable objects in the DOQQs. This would

require planning and considerable time in the field. As an alternative, airborne GPS

could be an excellent option for mapping projects that require new imagery, although it

would add cost to the photo mission.

Finally, it is important to note a possible trend where the y-coordinate recorded by

the GPS unit is less accurate than the x-coordinate. Notably, the mosaic for Petersburg

National Battlefield suffers from the same discrepancy (Millinor, 2000). The positional

accuracy surveys of both projects were performed with the same ProXRS GPS unit.

Further research may be justified to see if the bias is limited to this unit or if it is more

systematic in nature.

Turning from planimetric to more aesthetic concerns, both mosaics have

idiosyncrasies with respect to the color balance between individual images making up the

mosaic. For example, there tend to be dark areas in the corner of each AOI-cut image.

These areas are an unfortunate symptom of the quality of the hard-copy imagery, which

displays a noticeable darkening as one moves away from the principal point of the photo.

Furthermore, the histogram matching algorithm in Imagine, which is intended to smooth
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out color differences between the images, was minimally effective. This was true

regardless of whether the matching was done on an entire-image basis or using only the

overlap areas. Ultimately, matching by overlap areas was the better choice, since this

meant less transformation of pixel values throughout the images and thus less data loss.

Other image processing software packages have matching algorithms that may work

better, but overall they would not replace ERDAS Imagine. In turn, acquisition of this

software would translate to a greater cost for the project.

Ultimately, the defects of both mosaics are fairly minor and should not impede

their usefulness for VFNHP. Their spatial resolutions are quite high, so the amount of

vegetative detail is very good, especially when their enlargement capability is considered.

In addition, they match well visually with pre-existing GIS data of the park. The MrSID

compressed images share this characteristic, and overall retained much of the visual

detail and spectral range of the parent mosaics. This is significant because these images

are more manageable for the park’s ArcView GIS desktop setup.

Finally, regarding methodology, I would recommend aerial triangulation via

Orthobase as the preferred method for deriving orthophotography. It requires fewer

GCPs (approximately 100 points versus more than 500 points for the single-image

method), the tie points for a block of this size can be placed in one workday, and overall

the process takes less time to execute. I would estimate that Orthobase cuts

orthorectification time by at least 50 percent. This depends, of course, on quality ground

control. More importantly, Orthobase also sets up a stereo block for use in Stereo

Analyst. Indeed, it is probably the only choice for an integrated data processing approach
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if high-detail vegetation mapping, i.e., more specific than formation level, is part of the

project.

5.2 Vegetation map errors and concerns

Appendix G lists the 37 misclassified thematic accuracy points and the reasons

why I mislabeled the corresponding polygons. Most of the classification errors stemmed

from limitations of the reference data or a lack of researcher experience with the area.

First, 17 of the misclassifications resulted from a basic formation subclass error:

inaccurate distinction between evergreen and deciduous vegetation. For two of these

polygons, I also misinterpreted the formation class (i.e., whether the area was woodland

or forest). Similarly, I underestimated the hydrologic regime in two additional polygons,

but only secondary to my overestimation of their evergreen percentage. As discussed in

the Methods section, the leaf-on character of the photography made it difficult to

distinguish between evergreen and deciduous, so I was often forced to rely on the

DOQQs to make such decisions. Unfortunately, the resolution of the black-and-white

DOQQs was only adequate, so it was difficult at times to determine if dark areas on the

DOQQ were evergreen-dominated or simply wet areas. Generally, I assigned such

polygons to an evergreen vegetation formation. In addition, a few areas in the aerial

photographs had live vegetation that did not appear at all in the DOQQs. Since this had

to be young vegetation, I assumed that it was some sort of evergreen growth. However,

after visiting VFNHP for the accuracy assessment, it became clear that there were few

significant areas of evergreen presence except where planted. Thus, I had made

assumptions about forest composition that turned out to be simply not true. Fortunately, I
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was able to correct these systematic errors on my part during the map revision process.

To avoid this for future mapping projects, I would recommend the interpreter become

very familiar with the overall plant ecological trends of the map area. In addition, it

would be wise to use color DOQQs where available as reference.

The DOQQs were of limited effectiveness in helping to identify wetland areas in

the park. Obviously, this was the case with the aerial photography as well: Not only was

it leaf-on, but it was also taken during a dry time of the year. I misclassified eight areas

due to their hydrologic period, one because I overestimated the period and seven because

I underestimated. In addition, one area that I had initially labeled shrubland was actually

a wetland dominated by tall herbaceous species. I should note that the determination of

the actual hydrologic regime for all of these areas came from on-site assessment by TNC

ecologists and park staff, based on their knowledge of the hydrologic trends at these

locations.

I misclassified four areas because I estimated their canopy closure incorrectly. In

addition, I misidentified two cropland areas as grassland because I did not recognize their

crop rows. Of all the erroneous points, these six are probably the only ones that might

have been avoided by using a stereoscopic rather than a monoplotting mapping approach.

Summing up the remaining errors, I misclassified one developed area as forest, because,

in the imagery, the tree canopy obscured the buildings and lawns. Additionally, an area I

had classified as developed land I reassessed as herbaceous. In the field, I found that

while it had a few trees and historic cabins, it was really a large mowed grassy area.

Finally, one area that I believed was natural pine was actually planted.
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Fortunately, VFNHP is a small park. Having covered a lot of its territory, I feel

comfortable with the current formation map after revision, and I believe the thematic

accuracy is now significantly higher than 80%. As previously mentioned, some of the

wetland-type classifications were based on judgment calls, and so they may require

further review. This would be impossible without thorough and periodic survey of

wetland areas: VFNHP does have a reasonable amount of wetlands data, but largely in

the form of species presence/absence lists, and not cross-walked to the NVCS.

Consideration of this issue is important, since hydrologic regime is a major dividing

factor for vegetation formations in the NVCS. While VFNHP does not have large

expanses of wetlands, for study areas that do, it will probably be necessary to combine

fieldwork with photointerpretation if reasonable classification accuracy is to be expected.

The VFNHP mapping project illustrates some other issues with the NVCS. As

suggested by the new “alliance” types created from TNC’s fieldwork in the park, the

NVCS needs to be expanded, at least in the northeastern U.S. subset. Most significantly,

there are few classes that describe the semi-naturalized vegetation of heavily altered

landscapes like Valley Forge—a criticism previously leveled by Adams (1999) in his

review of current classification schemes. For this particular project, the Successional Old

Field and Modified Successional Forest classes address this issue, but unfortunately they

do not fit well within the NVCS hierarchy. As a case in point, the MSF class includes

polygons that could be placed in four different formations because of physiognomic or

hydrologic regime differences. While the ecological similarity of MSF areas might be

clear after performing floristic surveys on the ground, such categorizations are awkward

for photointerpretation, which relies heavily on physiognomy as well as apparent



72

hydrology to demarcate different vegetation types. I am not sure there is a single best

remedy for this problem. Carefully developed description keys in the NVCS listings of

these vegetation types might, for example, help photointerpreters distinguish between

true woodlands and one created by successional circumstances. Alternately, it might

simply be permitted that certain vegetation types—in the form of subtypes—could belong

to different formations.

Nevertheless, the overall hierarchical nature of the NVCS made it generally useful

for aerial-image-based mapping. At the formation level, a photointerpreter probably does

not require specific knowledge of the study area in most cases. Thorough knowledge of

just the overall vegetative trends in the region would likely minimize classification errors

like those that occurred with the VFNHP project. Ultimately, the biggest remaining

problem is—as exemplified by the MSF example—the lack of straightforward cross-

walks between TNC’s vegetation types for the park and the NVCS’s strictly codified

hierarchy. Whether this issue must be specifically addressed for VFNHP is probably a

decision for park managers, who may be satisfied with the degree of detail provided by

the current scheme. In any case, as with the formation level map, I suspect that thematic

accuracy assessment will result in some changes to the final alliance map. These alone

should lead to further refinement of the classification scheme, either by generating new

classes or by improving the definitions of the current set.

In terms of the visualization method used for mapmaking, digital monoplotting

was reasonably effective at capturing formation level distinctions between vegetation

areas. Stereoscopic vision would likely not have prevented all of the classification errors

in the VFNHP map, many of which were because of evergreen/deciduous confusion. A
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more experienced photointerpreter, using stereo, may have been able to identify

individual tree species and make evergreen/deciduous distinctions on that basis, but the

closed forest canopy in the imagery may just as easily have interfered. Actually,

availability of large-scale imagery from multiple dates—i.e., both leaf-off and leaf-on

photo sets—would likely have prevented this problem, regardless of the mapping

approach. Nonetheless, I believe stereovision generally results in more accurate

vegetation maps than monoscopic methods. Physiognomic characteristics are much more

obvious, as are a variety of other visual clues (shadows, crown shapes, etc.). Since the

Orthobase block file enabled the creation of the orthoimagery the park required and also

set up the block for use in Stereo Analyst, it would be hard to argue against using this

method for future mapping projects. Furthermore, Stereo Analyst allows digitizing and

attributing just as effectively as ArcMap or ArcView. This removes one of the chief

complaints about previous softcopy photogrammetric setups.

The advantages of stereoscopy were substantial for the VFNHP alliance level

map. Because thematic accuracy assessment of the map will not be completed until the

end of this year, I cannot specifically comment on the map’s accuracy. However, two

salient points emerged during its creation. First, Stereo Analyst allowed me to observe

characteristics of areas such as their topographic position, which alone differentiated

some forest alliance types. Furthermore, spectral and textural differences in the forest

canopy structure were quite clear. Using the training data, I was able to identify some

obvious patterns and make alliance distinctions on that basis as well.
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6. CONCLUSIONS AND RECOMMENDATIONS

This project successfully accomplished the objectives outlined by VFNHP. Two

CIR orthorectified photomosaics, with a spatial resolution of less than 0.25 meters, were

generated from 1:6000 scale aerial photographic transparencies. Based on positional

accuracy assessment, these mosaics meet the NMAS Class 1 map standard in the x-

coordinate direction and the Class 2 standard in the y-coordinate direction. These results

demonstrate that standard USGS DOQQs and DEMs can serve as adequate reference for

orthorectification of large-scale photographs. Either of these two mosaics can serve as a

basemap in the park’s GIS database, providing an excellent data source for both

cartographic and analytical GIS tasks.

The orthophotos in the first mosaic were created individually using polynomial

transformation in ERDAS Imagine. For the second mosaic, the photos were

orthorectified simultaneously in Imagine Orthobase using a “block” aerial triangulation

process. The Orthobase process is significantly faster than the single-image method,

cutting orthoimage-processing time by at least 50 percent. Primarily, this is because the

block triangulation process yields excellent orthorectification results with one-quarter to

one-fifth of the user-supplied GCPs necessary for the single-image approach. However,

the ground control must be of high quality. If DOQQs are not available for a study area,

or if a higher NMAS level must be adhered to, field collection of GPS points might be an

appropriate solution for successful aerial triangulation. Alternately, the photo mission

could be flown with airborne GPS.
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Using the single-image mosaic as a backdrop, I delineated the vegetation of

VFNHP to the formation level of the NVCS in ESRI ArcMap. This mapping method was

essentially digital monoplotting. Thematic accuracy assessment indicated that the

approach was fairly successful, with overall accuracy meeting the 80 percent

requirement, according to statistical tests. The most significant classification errors

occurred because of evergreen-deciduous confusion and hydrologic regime—the latter is

likely to always be a difficulty for air-photo-based maps, which only represent a snapshot

in time.

The ArcMap monoplotting method is faster than standard photointerpretation

methods, which require transfer of data to basemaps and subsequent digitization.

Additionally, many of the classification errors in the formation map would not have been

prevented by the use of stereovision. Nevertheless, because Orthobase creates a block

that is simultaneously useable in Stereo Analyst software, there are few reasons to avoid

using digital stereo for future vegetation mapping projects. First, Orthobase will still

generate orthoimagery. Second, the user interface in Stereo Analyst allows delineation of

features as quickly and easily as does ArcMap. Third, it is likely that the use of

stereovision will increase overall map accuracy, even if digital monoplotting is adequate

for some mapping projects. Fourth, stereo is probably essential—along with adequate

visual training data—for mapping to levels of detail such as the NVCS alliance level.

Finally, a digital stereoscopic approach is faster than traditional photointerpretation

because it avoids time-intensive data transfer methods.

The only real caveat for using aerial triangulation and digital stereo is that it

requires some training and familiarity with the software. A number of critical settings
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can cause aerial triangulation to fail if they are not defined properly, particularly in

defining camera properties and interior orientation settings from the camera calibration

report. Furthermore, users must take some time to learn how to work effectively in a

digital stereo interface. Nonetheless, the availability of these tools should open photo-

based mapping and three-dimensional visualization to a wider number of users,

particularly given the continued increase in computer speed and storage capabilities.

Regarding the classification system, it appears that the NVCS needs some

revision to include a range of altered and successional vegetation types. Cross-walking is

necessary between previous region- or state-wide vegetation classification schemes and

the codified hierarchy of the NVCS. Fortunately, mapping projects like this one

represent a great opportunity to hasten such revision.
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APPENDIX A. DEM PREPARATION COMMANDS IN ARCINFO GRID

The following commands were used to process the Valley Forge DEM:

Grid: vafogrd = demgrid (valley_forge_pa.dem) [Imports the original DEM file]

Grid: vf83grd = project (vafogrd) [Reprojects from NAD 27 to NAD 83]

***************************************************

* The INPUT projection has been defined *

***************************************************

Use OUTPUT to define the output projection and END to finish.

Project: OUTPUT

Project: PROJECTION UTM

Project: DATUM NAD83

Project: UNITS METERS

Project: ZUNITS FEET

Project: PARAMETERS

Project: END

Grid: vf10mgrd = resample (vf83grd, 10, cubic) [Converts grid from 30- to 10-meter cells]

The same procedures were followed to process the Collegeville DEM. Then, I merged

the two grids:

Grid: mergegrd = merge (vf10mgrd, cv10mgrd)
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APPENDIX B. AERIAL TRIANGULATION RESULTS

Table 11. RMSE components for the triangulated photo block.

Total image unit-weight RMSE:
0.3907

Control point RMSE:
Ground X 0.0332

Ground Y 0.0666

Ground Z 0.2887

Image X 0.5112

Image Y 0.2000

Table 12. Exterior orientation parameters for each image as estimated by aerial triangulation.

Orthobase No. Image Xs Ys Zs OMEGA PHI KAPPA
1 1_1 460207.2 4436444 1006.98 0.1724 0.6889 268.6202
2 1_2 460211 4436961 1008.423 0.1922 0.7766 268.9453
3 1_3 460213 4437457 1010.1 0.4689 0.1861 268.9751
4 1_4 460216.3 4437949 1011.705 0.4289 0.1686 268.7386
5 1_5 460224.9 4438440 1012.601 0.082 -0.0773 267.6984
6 1_6 460233 4438971 1011.591 -0.0964 0.4085 267.1372
7 1_7 460239.4 4439505 1009.512 -0.2388 0.3274 267.4901
8 1_8 460245 4440064 1010.79 0.7467 0.2581 265.8189
9 1_9 460253.8 4440635 1018.875 1.0246 -0.103 266.6671
10 1_10 460265.2 4441200 1023.094 0.3751 0.0383 265.8321
11 2_1 461157.1 4436593 1015.793 -0.1793 0.22 91.402
12 2_2 461165.8 4437137 1015.844 -0.5847 1.199 91.305
13 2_3 461175.3 4437644 1015.576 0.1055 0.1867 91.7876
14 2_4 461181.4 4438171 1020.347 0.5386 0.494 91.3858
15 2_5 461186.4 4438696 1020.634 -0.77 0.4393 91.7779
16 2_6 461189.5 4439205 1017.863 -0.4752 1.0244 91.6406
17 2_7 461193 4439733 1019.227 -0.1361 1.047 91.9053
18 2_8 461194.1 4440284 1019.977 -0.6928 1.0811 91.2639
19 2_9 461197.3 4440859 1015.802 -0.8157 1.075 90.1613
20 2_10 461206.5 4441418 1010.187 -0.5218 0.5107 92.1182
21 3_1 462144.7 4436561 974.9954 -0.1034 -0.4109 269.2717
22 3_2 462151.6 4437103 976.922 -0.1055 0.1773 269.7424
23 3_3 462158.1 4437624 977.6987 0.0774 0.4836 269.4758
24 3_4 462164.4 4438145 979.2233 -0.0024 0.2301 269.3977
25 3_5 462169.5 4438667 981.1385 0.3515 0.0886 269.2659
26 3_6 462169.3 4439187 983.4093 0.3426 -0.0314 270.5831
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Orthobase No. Image Xs Ys Zs OMEGA PHI KAPPA
27 3_7 462171.4 4439723 986.6782 0.5935 0.3709 270.0919
28 3_8 462175.5 4440238 987.9801 0.1802 -0.4522 270.0757
29 3_9 462178.2 4440770 987.3339 0.2968 0.0696 269.9385
30 3_10 462182.6 4441302 987.0697 0.0117 -0.3413 269.1645
31 3_11 462185.2 4441813 986.8755 0.0009 -0.0744 269.8561
32 4_1 463094.7 4437124 961.3867 0.1019 0.7498 90.1558
33 4_2 463106.3 4437647 963.6856 0.124 1.2302 91.1176
34 4_3 463118.8 4438169 964.4918 -0.3031 1.1123 91.4885
35 4_4 463129 4438692 962.1232 -0.6025 1.1964 91.5708
36 4_5 463136.8 4439218 959.9007 -0.2009 0.8077 91.8781
37 4_6 463140.5 4439745 957.8944 -0.3216 1.1689 91.4352
38 4_7 463146.4 4440291 956.6285 -0.1062 1.2301 92.5917
39 4_8 463147.4 4440817 955.6534 0.2161 1.361 92.8496
40 4_9 463149.7 4441340 958.0454 0.4996 0.6889 92.4984
41 4_10 463150.4 4441860 962.1303 0.2795 0.4287 92.5474
42 5_1 464110.3 4438018 947.553 0.2759 0.1113 269.8575
43 5_2 464112.7 4438553 948.8658 0.3705 0.2353 268.5726
44 5_3 464120.9 4439065 949.9687 0.3642 -0.1449 267.3471
45 5_4 464122.8 4439597 951.0641 0.1753 0.1225 268.0666
46 5_5 464118.1 4440128 949.2387 0.0607 0.6952 269.5012
47 5_6 464118.3 4440661 950.0456 0.3402 -0.126 268.7534
48 5_7 464119.8 4441172 950.6771 0.2693 -0.7225 268.3372
49 5_8 464119.6 4441700 954.1747 0.3846 -0.3907 268.5183

Table 13. Accuracy (RMSE residuals) of the exterior orientation parameters.

Orthobase No. Image mXs mYs mZs mOMEGA mPHI mKAPPA
1 1_1 0.0544 0.0676 0.0286 0.0039 0.0027 0.0012
2 1_2 0.0358 0.0385 0.0117 0.0021 0.0019 0.0007
3 1_3 0.0414 0.0404 0.0146 0.0022 0.0022 0.0009
4 1_4 0.0701 0.0624 0.0328 0.0036 0.0039 0.0014
5 1_5 0.0482 0.0637 0.0314 0.0037 0.0025 0.0012
6 1_6 0.0428 0.0493 0.0158 0.0026 0.0022 0.0008
7 1_7 0.04 0.0396 0.0125 0.0019 0.002 0.0007
8 1_8 0.0416 0.0447 0.0167 0.0023 0.002 0.0008
9 1_9 0.0369 0.0396 0.015 0.0021 0.0018 0.0007

10 1_10 0.0489 0.0543 0.0225 0.0029 0.0022 0.001
11 2_1 0.0455 0.0436 0.0163 0.0023 0.0022 0.0009
12 2_2 0.038 0.0408 0.0132 0.0022 0.0019 0.0007
13 2_3 0.0444 0.0423 0.0156 0.0022 0.0022 0.0008
14 2_4 0.0467 0.0501 0.0207 0.0024 0.0024 0.001
15 2_5 0.0434 0.0515 0.0184 0.0028 0.0022 0.001
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Orthobase No. Image mXs mYs mZs mOMEGA mPHI mKAPPA
16 2_6 0.0495 0.0518 0.017 0.0027 0.0025 0.0009
17 2_7 0.0464 0.048 0.0161 0.0024 0.0023 0.0009
18 2_8 0.0487 0.056 0.0185 0.003 0.0024 0.0009
19 2_9 0.0411 0.0351 0.0123 0.0018 0.0021 0.0007
20 2_10 0.0576 0.0745 0.0362 0.0042 0.0029 0.0012
21 3_1 0.0419 0.0415 0.0152 0.0023 0.0021 0.0009
22 3_2 0.0315 0.0317 0.0107 0.0017 0.0016 0.0006
23 3_3 0.0383 0.0354 0.0115 0.0018 0.002 0.0007
24 3_4 0.0438 0.0414 0.0141 0.0022 0.0023 0.0008
25 3_5 0.0446 0.0451 0.0139 0.0024 0.0023 0.0008
26 3_6 0.0397 0.0402 0.0126 0.0022 0.002 0.0008
27 3_7 0.0373 0.0369 0.0133 0.0018 0.0019 0.0007
28 3_8 0.0455 0.0477 0.018 0.0026 0.0022 0.001
29 3_9 0.0494 0.0525 0.0148 0.0029 0.0026 0.0009
30 3_10 0.0347 0.0357 0.0118 0.0019 0.0018 0.0007
31 3_11 0.0439 0.0426 0.0151 0.0023 0.0022 0.0009
32 4_1 0.0406 0.0408 0.0149 0.0022 0.0021 0.0009
33 4_2 0.0326 0.0316 0.0107 0.0017 0.0017 0.0007
34 4_3 0.0366 0.0347 0.0114 0.0019 0.0019 0.0007
35 4_4 0.0377 0.0386 0.0126 0.0021 0.002 0.0008
36 4_5 0.0429 0.0443 0.0134 0.0025 0.0023 0.0008
37 4_6 0.0408 0.0432 0.0134 0.0023 0.0022 0.0008
38 4_7 0.0406 0.0414 0.0145 0.0022 0.0021 0.0008
39 4_8 0.0347 0.0336 0.0116 0.0018 0.0018 0.0007
40 4_9 0.037 0.0382 0.0142 0.0022 0.0019 0.0008
41 4_10 0.0415 0.0393 0.0146 0.0022 0.0022 0.0008
42 5_1 0.0465 0.0599 0.0295 0.0037 0.0023 0.0011
43 5_2 0.0322 0.033 0.0101 0.0018 0.0017 0.0006
44 5_3 0.0367 0.0369 0.0124 0.002 0.002 0.0008
45 5_4 0.0336 0.0334 0.0107 0.0017 0.0018 0.0007
46 5_5 0.0383 0.0393 0.0136 0.0021 0.002 0.0008
47 5_6 0.0345 0.0345 0.0118 0.0018 0.0018 0.0007
48 5_7 0.0321 0.0329 0.0115 0.0018 0.0017 0.0007
49 5_8 0.0455 0.0618 0.0223 0.0038 0.0023 0.001
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APPENDIX C. FORMATION MAP DECISION CRITERIA

Physiognomic class distinctions (excerpted from Grossman et al., 1998):

FOREST: Trees with their crowns overlapping (generally forming 60-100% cover).

WOODLAND: Open stands of trees with crowns not usually touching (generally forming

25-60% cover). Canopy tree cover may be less than 25% in cases where it exceeds

shrub, dwarf-shrub, herb, and nonvascular cover, respectively.

SHRUBLAND: Shrubs generally greater than 0.5 m tall with individuals or clumps

overlapping to not touching (generally forming more than 25% cover, trees generally less

than 25% cover). Shrub cover may be less than 25% where it exceeds tree, dwarf-shrub,

herb, and nonvascular cover, respectively. Vegetation dominated by woody vines is

generally treated in this class.

DWARF-SHRUBLAND: Low-growing shrubs usually under 0.5 m tall. Individuals or

clumps overlapping to not touching (generally forming more than 25% cover, trees and

tall shrubs generally less than 25% cover). Dwarf-shrub cover may be less than 25%

where it exceeds tree, shrub, herb, and nonvascular cover, respectively.

HERBACEOUS: Herbs (graminoids, forbs, and ferns) dominant (generally forming at

least 25% cover; trees, shrubs, and dwarf-shrubs generally with less than 25% cover).
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Herb cover may be less than 25% where it exceeds tree, shrub, dwarf-shrub, and

nonvascular cover, respectively.

NONVASCULAR: Nonvascular cover (bryophytes, non-crustose lichens, and algae)

dominant (generally forming at least 25% cover). Nonvascular cover may be less than

25% where it exceeds tree, shrub, dwarf-shrub, and herb cover, respectively.

SPARSE VEGETATION: Abiotic substrate features dominant. Vegetation is scattered to

nearly absent and generally restricted to areas of concentrated resources (total vegetation

cover is typically less than 25% and greater than 0%).

Hydrologic regime distinctions (excerpted from Grossman et al., 1998):

SEMIPERMANENTLY FLOODED: Surface water persists throughout the growing

season in most years. Land surface is normally saturated when water level drops below

soil surface. Includes Cowardin’s Intermittently Exposed and Semipermanently Flooded

modifiers.�

SEASONALLY FLOODED: Surface water is present for extended periods during the

growing season, but is absent by the end of the growing season in most years. The water

table after flooding ceases is very variable, extending from saturated to a water table well

below the ground surface. Includes Cowardin’s Seasonal, Seasonal-Saturated, and

Seasonal-Well Drained modifiers.
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SATURATED: Surface water is seldom present, but substrate is saturated to surface for

extended periods during the growing season. Equivalent to Cowardin’s Saturated

modifier.

TEMPORARILY FLOODED: Surface water present for brief periods during growing

season, but water table usually lies well below soil surface. Often characterizes flood-

plain wetlands. Equivalent to Cowardin’s Temporary modifier.

INTERMITTENTLY FLOODED: Substrate is usually exposed, but surface water can be

present for variable periods without detectable seasonal periodicity. Inundation is not

predictable to a given season and is dependent upon highly localized rainstorms. This

modifier was developed for use in the arid West for water regimes of Playa lakes,

intermittent streams, and dry washes but can be used in other parts of the U.S. where

appropriate. This modifier can be applied to both wetland and non-wetland situations.

Equivalent to Cowardin’s Intermittently Flooded modifier.

PERMANENTLY FLOODED: Water covers the land surface at all times of the year in

all years. Equivalent to Cowardin’s “permanently flooded”.

PERMANENTLY FLOODED-TIDAL: Salt water covers the land surface at all times of

the year in all years. This modifier applies only to permanently flooded area irregularly

flooded by fresh tidal water. Equivalent to Cowardin’s “permanently flooded/tidal”.
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Figure 9. Crown shape key for identifying evergreen versus deciduous trees.

(Excerpted from Heller et al., 1964.)
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APPENDIX D. THEMATIC ACCURACY ASSESSMENT SAMPLING SCHEME

Excerpted from the USGS-NPS Vegetation Mapping Program Accuracy Assessment

Procedures (Bailey et al., 1994):

It is recommended that 30 samples be specified as the maximum sample size for

abundant classes, and that 5 samples be specified as the sample size for the rarest classes.

Any class too rare for 5 sample sites to be selected should be observed in its entirety.

Since a number of classes are intermediate in abundance between abundant and rare, five

scenarios are based on class abundance and frequency have been defined:

Scenario A: The class is abundant. It covers more than 50 hectares of the total area and

consists of at least 30 polygons. In this case, the recommended sample size is 30.

Scenario B: The class is relatively abundant. It covers more than 50 hectares of the total

area but consists of fewer than 30 polygons. In this case, the recommended sample size

is 20. The rationale for reducing the sample size for this type of class is that sample sites

are more difficult to find because of the lower frequency of the class.

Scenario C: The class is relatively rare. It covers less than 50 hectares of the total area

but consists of more than 30 polygons. In this case, the recommended sample size is 20.

The rationale for reducing the sample size is that the class occupies a small area. At the

same time, however, the class consists of a considerable number of distinct polygons that
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are possibly widely distributed. The number of samples therefore remains relatively high

because of the high frequency of the class.

Scenario D: The class is rare. It has more than 5 but fewer than 30 polygons and covers

less than 50 hectares of the area. In this case, the recommended number of samples is 5.

The rationale for reducing the sample size is that the class consists of small polygons and

the frequency of the polygons is low. Specifying more than 5 sample sites will therefore

probably result in multiple sample sites within the same (small) polygon. Collecting 5

sample sites will allow an accuracy estimate to be computed, although it will not be very

precise.

Scenario E: The class is very rare. It has fewer than 5 polygons and occupies less than 50

hectares of the total area. In this case, it is recommended that the existence of the class

be confirmed by a visit to each sample site. The rationale for the recommendation is that

with fewer than 5 sample sites (assuming 1 site per polygon), no estimate of level of

confidence can be established for the sample (the existence of the class can only be

confirmed through field checking).
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APPENDIX E. VEGETATION TYPE DESCRIPTIONS FOR VALLEY FORGE

Excerpted from the Draft Vegetation Type Descriptions and Vegetation Key:

Valley Forge National Historical Park (VAFO) Vegetation Mapping Project

(Podniesinski and Lundgren, 2001)

Grassland (Festuca Herbaceous Alliance)

This community is found throughout the park in seasonally mowed fields and as

smaller patches within successional old fields. This community may also be present in

larger forest gaps within the park. The grassland type is characterized by a lack of woody

species and the predominance of herbaceous graminoid species. Typical dominant

grasses include red fescue (Festuca rubra), knotroot-foxtail grass, panic-grass (Panicum

anceps), broom-sedge (Andropogon virginicus), redtop (Agrostis gigantea), tall fescue

(Festuca elatior), orchard-grass (Dactylis glomerata), and purpletop (Tridens flavus).

Patches of vines may occur in the grassland type, occasionally reaching several meters in

diameter. Typical vines include Japanese honeysuckle (Lonicera japonica), wild grapes

(Vitis spp.), oriental bittersweet (Celastrus orbiculatus), and poison ivy (Toxicodendron

radicans). Woody plants, when present, are limited to occasional seedlings and saplings

resprouting after seasonal mowing. Typical woody species are apple (Pyrus spp.),

multiflora rose (Rosa multiflora), and dewberry (Rubus sp.).

Successional Old Field (VAFO-type)

The successional old field type occurs throughout the park where former

grassland or agricultural land is being invaded by shrub species. Shrub cover is variable
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from field to field but is generally greater than 20%. Typical shrub species include

autumn olive (Elaeagnus umbellata), honeysuckle (Lonicera spp.), multiflora rose (Rosa

multiflora), and to a lesser extent wineberry (Rubus phoenicolasius). Seedlings and

saplings of tree species may also be present. Vines may be abundant in some fields as

sparse to very dense patches, where they can appear as a groundcover and/or smother

shrubs and tree saplings. Typical vine species include oriental bittersweet (Celastrus

orbiculatus), Japanese honeysuckle (Lonicera japonica), and wild grape (Vitis spp.). The

herbaceous layer is similar to the Grassland type, but with a higher cover of forb species.

Typical grasses include broom-sedge (Andropogon virginicus), red fescue (Festuca

rubra), tall fescue (Festuca elatior), path rush (Juncus tenuis), panic grass (Panicum

acuminatum), timothy (Phleum pratense), and purpletop (Tridens flavus). Typical forb

species include dogbane (Apocynum cannibinum), grass-leaved goldenrod (Euthamia

gramnifolia), white snakeroot (Eupatorium rugosum), tall white beard-tongue

(Penstemon digitalis), cinquefoil (Potentilla spp.), and rough-leaved goldenrod (Solidago

rugosa).

Wet Meadow (PA-type)

[Note: description adapted from Fike 1999 “Terrestrial & Palustrine plant communities of

Pennsylvania”]

These are open, usually graminoid-dominated meadows. They are typically

flooded early in the growing season, and may be saturated to near the surface for some of

the growing season but are generally dry for much of the year. The substrate is typically

mineral soil with a layer of muck at the surface. Although flooding may help to keep
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these systems open, some are or mowed. This community type on some sites may be

dominated by one or two species, but is typically mixed. Representative species include

rice cut grass (Leersia oryzoides), wool-grass (Scirpus cyperinus), bugleweed (Lycopus

uniflorus), smartweeds (Polygonum spp.), three-way sedge (Dulichium arundinaceum),

marsh fern (Thelypteris palustris), sedges (C. stipata var. stipata, C. canescens, C. lurida,

C. cristatella, C. tribuloides, C., C. vesicaria), soft rush (Juncus effusus), Virginia chain-

fern (Woodwardia virginica), beggar’s ticks (Bidens spp.), dwarf St.john’s wort

(Hypericum mutilum), Joe-pye-weed (Eupatorium spp.), boneset (E. perfoliatum),

cinnamon fern (Osmunda cinnamomea), royal fern (O. regalis), Canadian St. John’s-wort

(H. canadense), bluejoint (Calamagrostis canadensis), New York ironweed (Vernonia

noveboracensis), marsh St.-John’s–wort (Triadenum virginicum), arrowhead (Sagittaria

rigida, S. latifolia), reed canary-grass (Phalaris arundinacea), rattlesnake grass (Glyceria

canadensis), black bulrush (Scirpus atrovirens), and spike-rushes (Eleocharis spp).

Scattered shrubs may be present, representative species include hardhack (S. tomentosa ),

buttonbush (Cephalanthus occidentalis), red-willow (Cornus amomum), swamp dogwood

(C. racemosa), red-osier dogwood (C. sericea), and arrow-wood (Viburnum recognitum).

Exotic species such as purple loosestrife (Lythrum salicaria) and a variety of exotic

grasses are frequently found in these meadows.

Pine Plantation

Several conifer plantations occur within VAFO. These plantations are primarily

white pine (Pinus strobus), though at least one stand contains some European larch (Larix

decidua). Conifers compose at least 50 % of the canopy cover in these stands with
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volunteer hardwood species occasionally obtaining co-dominant status. Common

volunteer hardwood species include American elm (Ulmus americana), black cherry,

white ash (Fraxinus americana), black oak (Quercus velutina), and scarlet oak (Q.

coccinea). The subcanopy is usually open with scattered individuals of canopy hardwood

species and occasional flowering dogwoods (Cornus florida). Vines are often present,

particularly summer grape (Vitis aestivalis), obtaining high cover in the canopy of some

stands. The shrub and herbaceous layers are typically sparse to absent due to shading and

abundant needle litter.

Liriodendron tulipifera Forest Alliance

This type is found throughout the park as mid- to late-successional and mature

forest stands. At least some of these stands may have been planted 70 to 80 years ago.

The most characteristic feature of this type is the dominance of tuliptree (Liriodendron

tulipifera). Tuliptree is the only dominant in many stands, with black oak (Quercus

velutina) and white ash (Fraxinus americana) co-dominant or sub-dominant in others.

Other occasional canopy trees include red maple (Acer rubrum), red oak (Q. rubra), and

sassafras (Sassafras albidum). The subcanopy is usually open (typically less than 30%

total cover, though may approach 50% in some stands), characterized by tuliptree, red

maple, tall individuals of flowering dogwood (Cornus florida), black gum (Nyssa

sylvatica), and sassafras. The shrub layer is also open and appears to be “pruned” below

1.5 meters by heavy deer-browsing. Typical shrubs species are flowering dogwood (clear

dominant in shrub layer), spicebush (Lindera benzoin), black haw (Viburnum

prunifolium), and mountain laurel (Kalmia latifolia). The herbaceous layer has very low
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diversity and is dominated by exotics. The herbaceous layer is typically a dense growth

of stiltgrass (Microstegium vimineum), except in stands with a very dense canopy, in

which case there may be a high proportion of bare ground. Other common species,

besides stiltgrass, include garlic mustard (Alliaria petiolata), low smartweed (Polygonum

caespitosum), jack-in-the-pulpit (Arisaema triphyllum), and clearweed (Pilea pumila).

Acer saccharinum Temporarily Flooded Forest Alliance

[Note: description adapted from Fike 1999 “Terrestrial & Palustrine plant communities of

Pennsylvania”]

This type occurs along the Schuylkill river floodplain where it receives at least

seasonal flooding. Aside from silver maple (Acer saccharinum), which is usually

dominant, other trees may include river birch (Betula nigra), box-elder (Acer negundo),

American elm (Ulmus americana), and sycamore (Platanus occidentalis). Shrubs may

include red-willow (Cornus amomum), swamp dogwood (C. racemosa), spicebush

(Lindera benzoin), American elder (Sambucus canadensis), northern arrow-wood

(Viburnum recognitum), and multiflora rose (Rosa multiflora). Herbs include false

stinging nettle (Boehmeria cylindrica), sedges (Carex spp.) false pepper-smartweed

(Polygonum hydropiperoides), stilt grass (Microstegium vimineum), and often garlic

mustard (Alliaria petiolata). Vines may be abundant, particularly poison ivy

(Toxicodendron radicans).
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Platanus – Fraxinus Floodplain Forest (temporary name)

This community occurs primarily on the Schuylkill River floodplain, but may also

occur elsewhere in the park along small streams and poorly drained depressions. The

characteristic canopy trees are green ash (Fraxinus pennsylvanica), sycamore (Platanus

occidentalis), and silver maple (Acer saccharinum). Other trees that may occur in this

community include black walnut (Juglans nigra), box elder (Acer negundo), and river

birch (Betula nigra). The subcanopy layer is variable, with the most common species

being box elder, green ash, silver maple and American elm (Ulmus americana). The

shrub layer is variable in total cover, from nearly absent to moderately dense. Typical

shrub species include spicebush (Lindera benzoin), multiflora rose (Rosa multiflora),

Raspberries (Rubus spp.), and seedlings/saplings of canopy and subcanopy species. The

herbaceous layer is also variable in total cover from sparse (nearly bare ground) to dense.

Characteristic herbaceous species include stiltgrass (Microstegium vimineum), rice

cutgrass (Leersia spp.), false nettle (Boehmeria cylindrica), false water-pepper

(Polygonum hydropiperoides). Vines are usually present, sometimes at high total cover,

with characteristic species including Japanese honeysuckle (Lonicera japonica), Oriental

bittersweet (Celastrus orbiculatus), and wild grapes (Vitis spp.).

Birch (Black Gum) Rocky Slope Woodland (PA-Type)

This community type occurs along the edges of east facing scree slopes on Mount

Misery. At VAFO this community is characterized by an open canopy of black cherry

(Prunus serotina), red maple (Acer rubrum), sweet birch (Betula lenta), black gum

(Nyssa sylvatica) and black oak (Quercus velutina). Characteristic tall shrub/small tree
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species include serviceberry (Amelanchier arborea), witch-hazel (Hamamelis virginiana)

and mountain laurel (Kalmia latifolia). Low shrubs are nearly absent. The herbaceous

layer is also very sparse, limited to scattered individuals or clumps of jack-in-the-pulpit

(Arisaema triphyllum), marginal woodfern (Dryopteris marginalis) and stiltgrass

(Microstegium vimineum). Moderate to steeply sloping rock/boulder fields with very

little soil characterizes the substrate.

Modified Successional Forest (VAFO-type)

This type is found throughout VAFO on abandoned agricultural land, forest gaps,

and other areas with a history of disturbance. This type is very variable in composition,

but in general, is dominated by early successional species that are often weedy and

invasive in nature. Typical canopy tree species are white ash (Fraxinus americana),

black walnut (Juglans nigra), American elm (Ulmus americana), and (Robinia

pseudoacacia). Less common, but occasionally dominant species also include tree-of-

heaven (Ailanthus altissima), black cherry (Prunus serotina), tuliptree (Liriodendron

tulipifera), and box elder (Acer negundo). Typical subcanopy species are box elder,

American elm, and to a lesser extent, flowering dogwood (Cornus florida), black cherry,

and sassafras (Sassafras albidum). The shrub layer may be sparse to moderately dense

(seldom >40% total cover), and is characterized by saplings of box elder, spicebush

(Lindera benzoin), multiflora rose (Rosa multiflora), wineberry (Rubus phoenicolasius),

and privet (Ligustrum vulgare, typically heavily browsed). The herbaceous layer is

dominated by weedy exotics, particularly stiltgrass (Microstegium vimineum), and garlic

mustard (Alliaria petiolata). Other typical herb species include mile-a-minute



100

(Polygonum perfoliatum), low smartweed (Polygonum caespitosum) and white snakeroot

(Eupatorium rugosum). A characteristic of many stands in this type is the moderate to

high cover of invasive (exotic and native) vine species. In particularly, summer grape

(Vitis aestivalis), oriental bittersweet (Celastrus orbiculatus), and Japanese honeysuckle

(Lonicera japonica) may produce dense growths that strangle and smother shrubs and

trees. In some instances, vines appear to be altering the forest structure through damage

and mortality to canopy trees. Wisteria (Wisteria sp.) occurs west of the Washington

Memorial Chapel, where it forms a near monotypic groundcover and is smothering

standing canopy trees as well as woody plant regeneration.

Quercus Prinus – (Q. coccinea, Q. velutina) Forest Alliance

This type appears to be limited to moderate to steep slopes on Mount Joy and

Mount Misery within VAFO. The canopy is dominated by drought-tolerant chestnut oak

(Quercus prinus) and black oak (Q. velutina), with black gum (Nyssa sylvatica) and

scarlet oak (Q. coccinea) as occasional co-dominants. The sub-canopy is characterized

by moderate to high cover of black gum, red maple (Acer rubrum), and sassafras

(Sassafras albidum). The tall shrub layer is diagnostic for this type, characterized by

moderate to dense cover of mountain laurel (Kalmia latifolia). Also included in this type

are stands where the tall shrub layer is dominated by young black gum. Also common in

the tall shrub layer are red maple (Acer rubrum), sassafras (Sassafras albidum), and

witch-hazel (Hamamelis virginiana). The low shrub and herbaceous layers are typically

very sparse or absent, presumably due to heavy deer browsing. The low shrub layer,

when present, is limited to seedlings of canopy trees and a few ericad species (low-bush
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blueberry, Vaccinium pallidum; black huckleberry, Gaylussacia baccata). Herbaceous

plants typically occur as solitary plants or small clumps, when present. Common

herbaceous species include Pipsissewa (Chimaphila maculata), hay-scented fern

(Dennstaedtia punctilobula), marginal woodfern (Dryopteris marginalis), and Indian

cucumber (Medeola virginiana).

Quercus alba (Q. rubra, Carya spp.) Forest Alliance

This community occurs on moderate to steep slopes throughout VAFO, but is

most common on Mount Misery and Mount Joy. The canopy is dominated by dry oak

species, black oak (Quercus velutina), and chestnut oak (Q. prinus). A number of other

hardwood species may occur in the canopy as co-dominants or minor species including,

red maple (Acer rubrum), sweet birch (Betula lenta), tulip-tree (Liriodendron tulipifera),

beech (Fagus grandifolia), scarlet oak (Q. coccinea), and sassafras (Sassafras albidum).

A subcanopy is usually present, characterized by a mix of hardwood species such as red

maple, sassafras, beech, chestnut oak and black oak. Typical tall shrubs include

flowering dogwood (Cornus florida), witch-hazel (Hamamelis virginiana), and mountain

laurel (Kalmia latifolia). The tall shrub layer varies from sparse to abundant, with

flowering dogwood exceeding 50 % cover in some locations. The low shrub and

herbaceous layers are very sparse to nearly absent in some locations, presumably the

result of intense deer browsing. The low shrub layer is characterized by seedlings of

overstory and subcanopy woody species. Typical herbs include garlic mustard (Alliaria

petiolata), stiltgrass (Microstegium vimineum), and Pennsylvania sedge (Carex

pensylvanica).
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APPENDIX F. POSITIONAL ACCURACY DATA

Figure 10. Distribution of GPS points collected for positional accuracy assessment.
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Tables 14-a and 14-b. Calculated distance residuals for the single-image and Orthobase mosaics.

Single-image mosaic Orthobase mosaic
Survey
Point

Xi-Xc (Xi-Xc)
2 Yi-Yc (Yi-Yc)

2 Euclid.
Dist.

Survey
Point

Xi-Xc (Xi-Xc)
2 Yi-Yc (Yi-Yc)

2 Euclid.
dist.

1 0.65 0.42 -3.90 15.20 3.95 1 0.72 0.52 -1.79 3.19 1.93
2 0.57 0.32 -4.01 16.05 4.05 2 -0.78 0.60 -2.54 6.43 2.65
3 0.33 0.11 -2.40 5.75 2.42 3 -1.74 3.03 -2.99 8.94 3.46
4 -0.16 0.03 -3.03 9.17 3.03 4 -0.20 0.04 -5.24 27.50 5.25
5 -0.89 0.79 -2.70 7.30 2.84 5 1.12 1.26 -1.43 2.03 1.82
6 0.09 0.01 -4.52 20.39 4.52 6 -0.60 0.35 -1.79 3.19 1.88
7 0.30 0.09 -3.33 11.06 3.34 7 0.31 0.09 -3.14 9.87 3.16
8 0.22 0.05 -2.88 8.31 2.89 8 -1.09 1.18 -2.93 8.57 3.12
9 2.05 4.21 -2.87 8.26 3.53 9 0.43 0.18 -3.12 9.71 3.15

10 0.10 0.01 -3.17 10.06 3.17 10 0.93 0.87 -3.61 13.04 3.73
11 -0.75 0.57 -2.98 8.85 3.07 11 -0.79 0.62 -2.87 8.23 2.97
12 0.08 0.01 -4.39 19.25 4.39 12 -0.87 0.76 -4.87 23.74 4.95
13 0.13 0.02 -3.06 9.36 3.06 13 -0.51 0.26 -1.99 3.95 2.05
14 -1.45 2.10 -3.38 11.41 3.68 14 -0.07 0.00 -3.21 10.33 3.21
15 -0.46 0.21 -3.10 9.64 3.14 15 0.67 0.45 -3.12 9.75 3.19
16 1.18 1.40 -3.54 12.54 3.73 16 -0.01 0.00 -3.20 10.24 3.20
17 -0.60 0.35 -3.35 11.25 3.41 17 -0.72 0.51 -5.24 27.43 5.29
18 1.26 1.58 -2.06 4.24 2.41 18 0.29 0.09 -2.67 7.14 2.69
19 1.94 3.76 -1.56 2.44 2.49 19 1.94 3.78 -1.47 2.17 2.44
20 -0.89 0.79 -2.97 8.84 3.10 20 0.49 0.24 -3.67 13.43 3.70
21 0.81 0.66 -2.06 4.25 2.21 21 0.03 0.00 -2.82 7.92 2.82
22 0.13 0.02 -2.85 8.15 2.86 22 -0.44 0.19 -3.40 11.53 3.42
23 -0.16 0.03 -2.23 4.95 2.23 23 1.72 2.97 -2.46 6.06 3.00
24 0.55 0.30 -3.27 10.70 3.32 24 1.22 1.48 -2.72 7.41 2.98
25 2.80 7.85 -3.17 10.07 4.23 25 1.53 2.33 -1.74 3.01 2.31
26 -0.10 0.01 -3.03 9.20 3.03 26 1.58 2.50 -2.67 7.11 3.10
27 -1.30 1.70 -2.32 5.39 2.66 27 1.31 1.72 -2.58 6.66 2.89
28 0.56 0.32 -1.71 2.93 1.80 28 1.61 2.58 -2.53 6.39 2.99
29 1.29 1.67 -3.17 10.03 3.42 29 0.06 0.00 -2.78 7.75 2.78
30 1.49 2.22 -2.36 5.55 2.79 30 2.88 8.31 -1.63 2.64 3.31
31 2.77 7.68 -2.58 6.66 3.79 31 3.27 10.70 -1.16 1.35 3.47
32 0.69 0.48 -0.90 0.80 1.13 32 1.54 2.37 -0.74 0.55 1.71
33 0.49 0.24 1.87 3.48 1.93 33 -0.29 0.08 0.21 0.04 0.36
34 1.39 1.94 -1.43 2.05 2.00 34 2.41 5.80 -2.31 5.33 3.34
35 1.47 2.16 -2.98 8.89 3.32 35 0.20 0.04 -3.08 9.49 3.09
36 0.45 0.20 -1.17 1.37 1.26 36 0.37 0.13 -1.04 1.07 1.10
37 0.87 0.76 -3.22 10.37 3.34 37 1.87 3.48 -2.20 4.82 2.88
38 -1.69 2.87 0.86 0.74 1.90 38 -2.02 4.07 -3.36 11.26 3.92
39 0.83 0.70 -2.89 8.34 3.01 39 -1.03 1.05 -2.27 5.16 2.49
40 1.52 2.30 -2.41 5.81 2.85 40 0.93 0.87 -1.26 1.58 1.56
41 0.15 0.02 -2.88 8.28 2.88 41 1.10 1.22 -1.65 2.73 1.99
42 -1.81 3.27 -4.92 24.17 5.24 42 -2.19 4.78 -6.20 38.49 6.58
43 1.08 1.18 -0.87 0.76 1.39 43 1.14 1.29 -2.00 4.02 2.31
44 0.46 0.21 -1.31 1.71 1.39 44 0.40 0.16 -1.73 2.99 1.78
45 0.94 0.89 -1.33 1.78 1.63 45 -0.41 0.17 -1.16 1.34 1.23
46 0.63 0.40 -2.47 6.11 2.55 46 0.72 0.51 -4.33 18.71 4.38
47 2.85 8.11 -3.31 10.97 4.37 47 1.54 2.38 -1.77 3.15 2.35
48 2.24 5.01 -3.19 10.15 3.89 48 1.15 1.32 -2.34 5.48 2.61
49 -0.24 0.06 -2.22 4.93 2.23 49 0.90 0.81 -2.98 8.89 3.11
50 -0.32 0.10 -4.57 20.86 4.58 50 -1.35 1.81 -1.49 2.21 2.01

Average 1.18 2.89 2.99 Average 1.26 2.84 2.91
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APPENDIX G. THEMATIC ACCURACY DATA

Table 15. Map classification errors and their causes.
Point

ID
Original

Formation
Revised

Formation
Type of Error Reason for Error

3 V.A.5.C.x CROP Interpreter error Didn't recognize the crop rows
4 V.A.5.C.x CROP Interpreter error Didn't recognize the crop rows

22 V.A.5.C.x II.B.2.N.a Physiognomic class Underestimation of crown cover
37 II.B.2.N.a III.B.2.N.a Physiognomic class Overestimation of crown cover
40 II.B.2.N.a II.C.3.N.a Evergreen/deciduous confusion Mixed forest as opposed to deciduous

47 I.C.3.N.a II.B.2.N.a Evergreen/deciduous confusion
Not mixed stand, but open, vine-covered
deciduous woodland

48 I.C.3.N.a DEV Reinterpretation after field visit
House and mowed area obscured by a few
large trees

49 I.C.3.N.a I.B.2.N.d
Evergreen/deciduous confusion and
hydrologic period

Overestimated evergreen presence,
underestimated the flooding duration

50 I.C.3.N.a I.B.2.N.d
Evergreen/deciduous confusion and
hydrologic period

Overestimated evergreen presence,
underestimated the flooding duration

59 I.C.3.N.a I.A.8.N.c Evergreen/deciduous confusion
Not mixed, but actually pure hemlock
stand

73 I.B.2.N.d I.B.2.N.e Hydrologic period Underestimated the flooding duration
80 I.B.2.N.a I.B.2.N.d Hydrologic period Underestimated the flooding duration
81 I.B.2.N.a I.B.2.N.d Hydrologic period Underestimated the flooding duration

84 I.B.2.N.a I.B.2.N.d Hydrologic period
Closed forest in standing water obscured
by photos

86 I.B.2.N.a I.B.2.N.d Hydrologic period Underestimated the flooding duration

110 I.A.8.C.x I.B.2.N.a Evergreen/deciduous confusion
Not evergreen, deciduous (point falls just
outside pine plantation)

111 I.A.8.N.b I.B.2.N.a Evergreen/deciduous confusion
Thought area was successional pine, but
actually open A.altissima stand

112 I.A.8.N.b I.B.2.N.a Evergreen/deciduous confusion
Thought area was successional pine, but
actually open A.altissima stand

113 I.A.8.N.b I.A.8.C.x Natural/planted Believed it was natural, but planted Pinus

114 I.A.8.N.b I.B.2.N.a Evergreen/deciduous confusion
Not an extension of nearby P.strobus
plantation, but old homesite

115 I.A.8.N.b I.C.3.N.a Evergreen/deciduous confusion Some P.strobus, but also much deciduous
133 III.A.2.N.a III.B.2.N.a Evergreen/deciduous confusion Deciduous, not evergreen shrubs
134 II.A.4.N.a II.B.2.N.a Evergreen/deciduous confusion Deciduous, not evergreen woodland

135 I.C.3.N.b II.B.2.N.a
Physiognomy, evergreen/deciduous,
and hydrologic period

Thought this was mixed forest, but
actually an open, dry deciduous stand

137 III.A.2.N.a V.A.5.N.m
Physiognomy, evergreen/deciduous,
and hydrologic period

Looks like low-lying shrubland, but
actually an emergent wetland

141 II.B.2.N.b II.B.2.N.c Hydrologic period Seasonally, not temporarily flooded

142 I.C.3.N.b II.B.2.N.a
Physiognomy, evergreen/deciduous,
and hydrologic period

Thought this was mixed forest, but
actually open, dry deciduous stand

143 V.A.5.N.e V.A.5.N.l Hydrologic period
Thought this was dry, but actually very
wet

144 II.C.3.N.a I.C.3.N.a Physiognomic class
Thought woodland, but actually fairly
closed forest

155 II.C.3.N.a II.B.2.N.a Evergreen/deciduous confusion Not mixed, deciduous
158 V.A.5.N.e V.A.5.C.x Hydrologic period Area is dry year-round
162 II.B.2.N.b V.A.5.C.x Physiognomic class Overestimation of crown cover
166 II.C.3.N.a II.B.2.N.a Evergreen/deciduous confusion Not mixed, deciduous
169 II.A.4.N.a II.C.3.N.a Evergreen/deciduous confusion Not evergreen, mixed
175 II.A.4.N.a II.C.3.N.a Evergreen/deciduous confusion Not evergreen, mixed
176 II.A.4.N.a II.B.2.N.a Evergreen/deciduous confusion Not evergreen, deciduous
178 DEV V.A.5.C.x Reinterpretation after field visit Large mowed area
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APPENDIX H. SINGLE-IMAGE MOSAIC METADATA

Identification_Information:
Citation:
Citation_Information:
Originator:
North Carolina State University, Center for Earth Observation

Publication_Date: 20001001
Title: Valley Forge NHP Color Photomosaic (ERDAS Imagine IMG and Mr. SID

formats)
Edition: First
Geospatial_Data_Presentation_Form: remote-sensing image

Description:
Abstract:
Orthorectified color infrared Imagine image of Valley Forge NHP. Produced from 49
color infrared photos taken September 1999.

Purpose: The dataset was developed for use by Valley Forge NHP to produce a
vegetation database.

Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 19990912

Currentness_Reference: ground condition
Status:
Progress: Complete
Maintenance_and_Update_Frequency: Unknown

Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: -75.47318
East_Bounding_Coordinate: -74.41636
North_Bounding_Coordinate: 40.12192
South_Bounding_Coordinate: 40.07927

Keywords:
Theme:
Theme_Keyword_Thesaurus: none
Theme_Keyword: Imagine
Theme_Keyword: Color Infrared
Theme_Keyword: mosaic
Theme_Keyword: aerial photo

Place:
Place_Keyword_Thesaurus: none
Place_Keyword: Pennsylvania
Place_Keyword: National Historical Park
Place_Keyword: National Park
Place_Keyword: Valley Forge

Temporal:
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Temporal_Keyword_Thesaurus: none
Temporal_Keyword: 1999
Temporal_Keyword: leaf-on
Temporal_Keyword: September

Access_Constraints: none
Use_Constraints: none
Point_of_Contact:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Brian Lambert
Contact_Organization: Valley Forge NHP

Contact_Position: Natural Resource Manager
Contact_Address:
Address_Type: mailing address
Address:
Valley Forge NHP
N. Gulph Road & Route 23
Admin Building

City: Valley Forge
State_or_Province: Pennsylvania
Postal_Code: 19481
Country: USA

Contact_Voice_Telephone: (610) 296-2583
Contact_Electronic_Mail_Address: Brian_Lambert@nps.gov

Data_Set_Credit: Frank Koch
Native_Data_Set_Environment: ERDAS Imagine IMG File and Mr. SID Compressed

File

Data_Quality_Information:
Logical_Consistency_Report: none
Completeness_Report: Valley Forge NHP
Positional_Accuracy:
Horizontal_Positional_Accuracy:
Horizontal_Positional_Accuracy_Report:

Overall positional accuracy of 2.04 meters
1.18 meters in the x direction
2.89 meters in the y direction
Meets the NMAS Class 1 map standard for x, NMAS Class 2 map standard for y
Horizontal accuracy was assessed on the basis of 50 field survey points. The actual
field coordinates for these points was recorded with a Trimble ProXRS GPS unit
with real-time differential correction. The field coordinates were then compared to
the image mosaic coordinates for these points, determined in ESRI ArcView 3.2
software

Lineage:
Source_Information:
Source_Citation:
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Citation_Information:
Originator: USGS
Publication_Date: 1995
Title: Digital Orthophoto Quarter Quadrangle (Valley Forge, PA)
Geospatial_Data_Presentation_Form: remote-sensing image

Source_Scale_Denominator: 40000
Type_of_Source_Media: CD-ROM
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 1995

Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation: doqq
Source_Contribution: Aerial view of Valley Forge NHP

Source_Information:
Source_Citation:
Citation_Information:
Originator: USGS
Publication_Date: unknown
Title: 30 Meter Digital Elevation Model (Collegeville, PA and Valley Forge, PA)
Geospatial_Data_Presentation_Form: model

Source_Scale_Denominator: 30 meter
Type_of_Source_Media: CD-ROM
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: unknown

Source_Currentness_Reference: best available data
Source_Citation_Abbreviation: dem
Source_Contribution: elevation

Source_Information:
Source_Citation:
Citation_Information:
Originator:
Air Photographics, Inc

Publication_Date: Unpublished Material
Title: Aerial photographs of Valley Forge NHP
Geospatial_Data_Presentation_Form: remote-sensing image

Source_Scale_Denominator: 6000
Type_of_Source_Media: color ir aerial transparencies
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 19990912

Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation: photos
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Source_Contribution: Aerial view of Valley Forge NHP
Process_Step:
Process_Description:

The photos (49 total) were used to create an orthorectified mosaic using ERDAS
Imagine. The photos were scanned at 600 dpi and imported into Imagine. They
were then orthorectified using the DOQQs and the DEMs as reference. The DEMs
were resampled from 30 meters to 10 meters. Each photo had at least 6 ground
control points with a total RMSE of less than 1 meter. The orthorectified images
were then mosaiced within Imagine to form one seamless basemap image for
Valley Forge NHP. The mosaic was compressed using Mr. SID software at a 1:20
target compression ratio.

Process_Date: 200009
Process_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: NCSU, Center for Earth Observation

Contact_Address:
Address_Type: mailing address
Address:
NCSU, Center For Earth Observation
NCSU Campus Box 7106

City: Raleigh
State_or_Province: NC
Postal_Code: 27695-7106
Country: USA

Contact_Voice_Telephone: 919-515-3430
Contact_Facsimile_Telephone: 919-515-3439

Spatial_Data_Organization_Information:
Direct_Spatial_Reference_Method: Raster
Raster_Object_Information:
Raster_Object_Type: Pixel
Row_Count: 23369
Column_Count: 18591

Spatial_Reference_Information:
Horizontal_Coordinate_System_Definition:
Planar:
Grid_Coordinate_System:
Grid_Coordinate_System_Name: Universal Transverse Mercator
Universal_Transverse_Mercator:
UTM_Zone_Number: 18
Transverse_Mercator:
Scale_Factor_at_Central_Meridian: 0.999600
Longitude_of_Central_Meridian: -75.000000
Latitude_of_Projection_Origin:
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False_Easting: 500000.000000
False_Northing: 0.000000

Planar_Coordinate_Information:
Planar_Coordinate_Encoding_Method: row and column
Coordinate_Representation:
Abscissa_Resolution: 0.173425
Ordinate_Resolution: 0.173425

Planar_Distance_Units: meters
Geodetic_Model:
Horizontal_Datum_Name: North American Datum of 1983
Ellipsoid_Name: Geodetic Reference System 80
Semi-major_Axis: 6378137.000000
Denominator_of_Flattening_Ratio: 298.257222

Entity_and_Attribute_Information:
Overview_Description:
Entity_and_Attribute_Overview: Dataset consists of a raster 3-band color image. The
bands are blue, green and near infrared. Each pixel contains a value between 0 - 255.
Entity_and_Attribute_Detail_Citation: none

Distribution_Information:
Distributor:
Contact_Information:
Contact_Organization_Primary:
Contact_Person: Brian Lambert
Contact_Organization: Valley Forge NHP

Contact_Position: Natural Resource Manager
Contact_Address:
Address_Type: mailing address
Address:
Valley Forge NHP
N. Gulph Road & Route 23
Admin Building

City: Valley Forge
State_or_Province: Pennsylvania
Postal_Code: 19481
Country: USA

Contact_Voice_Telephone: (610) 296-2583
Contact_Electronic_Mail_Address: Brian_Lambert@nps.gov

Resource_Description: Orthorectified 3 band color raster image of Valley Forge NHP.
Distribution_Liability:
The National Park Service shall not be held liable for improper or
incorrect use of the data described and/or contained herein. These
data and related graphics ("GIF" format files) are not legal documents
and are not intended to be used as such.
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The information contained in these data is dynamic and may change over
time. The data are not better than the original sources from which they
were derived. It is the responsibility of the data user to use the data
appropriately and consistent within the limitations of geospatial data in
general and these data in particular. The related graphics are intended
to aid the data user in acquiring relevant data; it is not appropriate to
use the related graphics as data.

The National Park Service gives no warranty, expressed or implied, as to
the accuracy, reliability, or completeness of these data. It is strongly
recommended that these data are directly acquired from an NPS server and
not indirectly through other sources which may have changed the data in some
way. Although these data have been processed successfully on a computer
system at the National Park Service, no warranty expressed or implied is
made regarding the utility of the data on another system or for general or
scientific purposes, nor shall the act of distribution constitute any such
warranty. This disclaimer applies both to individual use of the data and
aggregate use with other data.

Custom_Order_Process: Contact
Brian Lambert
Valley Forge NHP
N. Gulph Road & Route 23
Admin Building
Valley Forge, PA 19481
(610) 296-2583
Brian_Lambert@nps.gov

Metadata_Reference_Information:
Metadata_Date: 20001001
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: Center for Earth Observation

Contact_Address:
Address_Type: mailing address
Address:
NCSU, Center For Earth Observation
NCSU Campus Box 7106, 5112 Jordan Hall

City: Raleigh
State_or_Province: NC
Postal_Code: 27695-7106
Country: USA

Contact_Voice_Telephone: 919-515-3430
Contact_Facsimile_Telephone: 919-515-3439
Contact_Instructions: phone

Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata
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Metadata_Standard_Version: FGDC-STD-001-1998
Metadata_Time_Convention: local time
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APPENDIX I. ORTHOBASE MOSAIC METADATA

Identification_Information:
Citation:
Citation_Information:
Originator:
North Carolina State University, Center for Earth Observation

Publication_Date: 20010401
Title: Valley Forge NHP Color Photomosaic (ERDAS Imagine IMG and Mr. SID

formats)
Edition: first
Geospatial_Data_Presentation_Form: remote-sensing image

Description:
Abstract:
Orthorectified color infrared Imagine image of Valley Forge NHP. Produced from 49
color infrared photos taken September 1999. Orthorectification accomplished with
Imagine Orthobase v8.4 software.

Purpose: The dataset was developed for use by Valley Forge NHP as a GIS component
and for digital monoplotting and mapping.

Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 19990912

Currentness_Reference: ground condition
Status:
Progress: Complete
Maintenance_and_Update_Frequency: Unknown

Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: -75.474510
East_Bounding_Coordinate: -75.415821
North_Bounding_Coordinate: 40.130121
South_Bounding_Coordinate: 40.072435

Keywords:
Theme:
Theme_Keyword_Thesaurus: none
Theme_Keyword: Imagine
Theme_Keyword: Color Infrared
Theme_Keyword: mosaic
Theme_Keyword: aerial photo
Theme_Keyword: Orthobase

Place:
Place_Keyword_Thesaurus: none
Place_Keyword: Pennsylvania
Place_Keyword: National Historical Park
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Place_Keyword: National Park
Place_Keyword: Valley Forge

Temporal:
Temporal_Keyword_Thesaurus: none
Temporal_Keyword: 1999
Temporal_Keyword: leaf-on
Temporal_Keyword: September

Access_Constraints: none
Use_Constraints: none
Point_of_Contact:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Brian Lambert
Contact_Organization: Valley Forge NHP

Contact_Position: Natural Resource Manager
Contact_Address:
Address_Type: mailing address
Address:
Valley Forge NHP
N. Gulph Road & Route 23
Admin Building

City: Valley Forge
State_or_Province: Pennsylvania
Postal_Code: 19481
Country: USA

Contact_Voice_Telephone: (610) 296-2583
Contact_Electronic_Mail_Address: Brian_Lambert@nps.gov

Data_Set_Credit: Frank Koch
Native_Data_Set_Environment: ERDAS Imagine IMG File and Mr. SID Compressed

File

Data_Quality_Information:
Logical_Consistency_Report: none
Completeness_Report: Valley Forge NHP
Positional_Accuracy:
Horizontal_Positional_Accuracy:
Horizontal_Positional_Accuracy_Report:

Overall positional accuracy of 2.05 meters
1.26 meters in the x direction
2.84 meters in the y direction
Meets the NMAS Class 1 map standard for x, NMAS Class 2 map standard for y
Horizontal accuracy was assessed on the basis of 50 field survey points. The actual
field coordinates for these points was recorded with a Trimble ProXRS GPS unit
with real-time differential correction. The field coordinates were then compared to
the image mosaic coordinates for these points, determined in ESRI ArcView 3.2
software.
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Lineage:
Source_Information:
Source_Citation:
Citation_Information:
Originator: USGS
Publication_Date: 1995
Title: Digital Orthophoto Quarter Quadrangle (Valley Forge, PA)
Geospatial_Data_Presentation_Form: remote-sensing image

Source_Scale_Denominator: 40000
Type_of_Source_Media: CD-ROM
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 1995

Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation: doqq
Source_Contribution: Aerial view of Valley Forge NHP

Source_Information:
Source_Citation:
Citation_Information:
Originator: USGS
Publication_Date: unknown
Title: 30 Meter Digital Elevation Model (Collegeville, PA and Valley Forge, PA)
Geospatial_Data_Presentation_Form: model

Source_Scale_Denominator: 30 meter
Type_of_Source_Media: CD-ROM
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: unknown

Source_Currentness_Reference: best available data
Source_Citation_Abbreviation: dem
Source_Contribution: elevation

Source_Information:
Source_Citation:
Citation_Information:
Originator:
Air Photographics, Inc

Publication_Date: Unpublished Material
Title: Aerial photographs of Valley Forge NHP
Geospatial_Data_Presentation_Form: remote-sensing image

Source_Scale_Denominator: 6000
Type_of_Source_Media: color ir aerial transparencies
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
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Calendar_Date: 19990912
Source_Currentness_Reference: ground condition

Source_Citation_Abbreviation: photos
Source_Contribution: Aerial view of Valley Forge NHP

Process_Step:
Process_Description:

The photos (49 total) were used to create an orthorectified mosaic using Erdas
Imagine. The photos were scanned at 600 dpi and imported into Imagine. The
DEMs were resampled from 30 meters to 10 meters and mosaiced together. The
images were orthorectified using Imagine Orthobase software. 100 manual tie
points, 4642 automatically collected tie points, and 114 ground control points (using
the DEMs and DOQQ as reference) were used in an aerial triangulation procedure.
Aerial triangulation produced a single RMSE of less than 1 meter for the entire
block of photos, and also predicted coordinates for all 4856 points. The photos were
orthorectified in a batch process based on this solution. The orthorectified images
were then mosaiced within Imagine to form one seamless basemap image for
Valley Forge NHP. The mosaic was compressed using Mr. SID software at a 1:20
target compression ratio.

Process_Date: 200012
Process_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: NCSU, Center for Earth Observation

Contact_Address:
Address_Type: mailing address
Address:
NCSU, Center For Earth Observation
NCSU Campus Box 7106

City: Raleigh
State_or_Province: NC
Postal_Code: 27695-7106
Country: USA

Contact_Voice_Telephone: 919-515-3430
Contact_Facsimile_Telephone: 919-515-3439

Spatial_Data_Organization_Information:
Direct_Spatial_Reference_Method: Raster
Raster_Object_Information:
Raster_Object_Type: Pixel
Row_Count: 24131
Column_Count: 19048

Spatial_Reference_Information:
Horizontal_Coordinate_System_Definition:
Planar:
Grid_Coordinate_System:
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Grid_Coordinate_System_Name: Universal Transverse Mercator
Universal_Transverse_Mercator:
UTM_Zone_Number: 18
Transverse_Mercator:
Scale_Factor_at_Central_Meridian: 0.999600
Longitude_of_Central_Meridian: -75.000000
Latitude_of_Projection_Origin:
False_Easting: 500000.000000
False_Northing: 0.000000

Planar_Coordinate_Information:
Planar_Coordinate_Encoding_Method: row and column
Coordinate_Representation:
Abscissa_Resolution: 0.173425
Ordinate_Resolution: 0.173425

Planar_Distance_Units: meters
Geodetic_Model:
Horizontal_Datum_Name: North American Datum of 1983
Ellipsoid_Name: Geodetic Reference System 80
Semi-major_Axis: 6378137.000000
Denominator_of_Flattening_Ratio: 298.257222

Entity_and_Attribute_Information:
Overview_Description:
Entity_and_Attribute_Overview: Dataset consists of a raster 3-band color image. The
bands are blue, green and near infrared. Each pixel contains a value between 0 - 255.

Entity_and_Attribute_Detail_Citation: none

Distribution_Information:
Distributor:
Contact_Information:
Contact_Organization_Primary:
Contact_Person: Brian Lambert
Contact_Organization: Valley Forge NHP

Contact_Position: Natural Resource Manager
Contact_Address:
Address_Type: mailing address
Address:
Valley Forge NHP
N. Gulph Road & Route 23
Admin Building

City: Valley Forge
State_or_Province: Pennsylvania
Postal_Code: 19481
Country: USA

Contact_Voice_Telephone: (610) 296-2583
Contact_Electronic_Mail_Address: Brian_Lambert@nps.gov
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Resource_Description: Orthorectified 3 band color raster image of Valley Forge NHP.
Distribution_Liability:
The National Park Service shall not be held liable for improper or
incorrect use of the data described and/or contained herein. These
data and related graphics ("GIF" format files) are not legal documents
and are not intended to be used as such.

The information contained in these data is dynamic and may change over
time. The data are not better than the original sources from which they
were derived. It is the responsibility of the data user to use the data
appropriately and consistent within the limitations of geospatial data in
general and these data in particular. The related graphics are intended
to aid the data user in acquiring relevant data; it is not appropriate to
use the related graphics as data.

The National Park Service gives no warranty, expressed or implied, as to
the accuracy, reliability, or completeness of these data. It is strongly
recommended that these data are directly acquired from an NPS server and
not indirectly through other sources which may have changed the data in some
way. Although these data have been processed successfully on a computer
system at the National Park Service, no warranty expressed or implied is
made regarding the utility of the data on another system or for general or
scientific purposes, nor shall the act of distribution constitute any such
warranty. This disclaimer applies both to individual use of the data and
aggregate use with other data.

Custom_Order_Process: Contact
Brian Lambert
Valley Forge NHP
N. Gulph Road & Route 23
Admin Building
Valley Forge, PA 19481
(610) 296-2583
Brian_Lambert@nps.gov

Metadata_Reference_Information:
Metadata_Date: 20010401
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: Center for Earth Observation

Contact_Address:
Address_Type: mailing address
Address:
NCSU, Center For Earth Observation
NCSU Campus Box 7106, 5112 Jordan Hall

City: Raleigh
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State_or_Province: NC
Postal_Code: 27695-7106
Country: USA

Contact_Voice_Telephone: 919-515-3430
Contact_Facsimile_Telephone: 919-515-3439
Contact_Instructions: phone

Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata
Metadata_Standard_Version: FGDC-STD-001-1998
Metadata_Time_Convention: local time
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APPENDIX J. FORMATION MAP METADATA

Identification_Information:
Citation:
Citation_Information:
Originator: North Carolina State University, Center for Earth Observation
Publication_Date: 20001001
Title: Valley Forge National Historical Park Formation Level Vegetation
Edition: first
Geospatial_Data_Presentation_Form: map

Description:
Abstract:
Vegetation classification of Valley Forge National Historical Park, Valley Forge, PA.

The park's vegetation was delineated to formation level of the National Vegetation
Classification System (NVCS) with an official minimum mapping unit of 0.5 acre. The
data was created following general guidelines set forth by the USGS-NPS Vegetation
Mapping Program.

Purpose:
This data set was created for Valley Forge NHP to use in natural
resource management.

Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 19990912
Time_of_Day: 1500

Currentness_Reference: Time and data of source photography.
Status:
Progress: Complete
Maintenance_and_Update_Frequency: Unknown

Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: -75.472742
East_Bounding_Coordinate: -75.416339
North_Bounding_Coordinate: 40.123300
South_Bounding_Coordinate: 40.078468

Keywords:
Theme:
Theme_Keyword_Thesaurus: None
Theme_Keyword: Nature Conservancy
Theme_Keyword: classification
Theme_Keyword: USGS
Theme_Keyword: NPS
Theme_Keyword: color ir
Theme_Keyword: color infrared
Theme_Keyword: vegetation
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Theme_Keyword: landcover
Place:
Place_Keyword_Thesaurus: None
Place_Keyword: Pennsylvania
Place_Keyword: national park
Place_Keyword: national historical park
Place_Keyword: Valley Forge

Temporal:
Temporal_Keyword_Thesaurus: None
Temporal_Keyword: 1999
Temporal_Keyword: September

Access_Constraints: None
Use_Constraints: None
Point_of_Contact:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Brian Lambert
Contact_Organization: Valley Forge NHP

Contact_Position: Natural Resource Manager
Contact_Address:
Address_Type: mailing address
Address: Valley Forge NHP, N. Gulph Road & Route 23, Admin Building
City: Valley Forge
State_or_Province: Pennsylvania
Postal_Code: 19481
Country: USA

Contact_Voice_Telephone: (610) 296-2583
Contact_Electronic_Mail_Address: Brian_Lambert@nps.gov

Data_Set_Credit: Frank Koch
Native_Data_Set_Environment: Windows NT Version 5.0 (Build 2195); ESRI ArcInfo

8.0.345

Data_Quality_Information:
Attribute_Accuracy:
Attribute_Accuracy_Report: Classified to the formation level of the National

Vegetation Classification System. Overall thematic accuracy meets the NMAS of 80%.
Thematic accuracy was assessed according to USGS-NPS Vegetation Mapping Program
protocol. In this protocol, polygons to be visited in the field are selected using a stratified
random sample based on number of polygons and the total land area of each formation
class. Of the map's 378 polygons, 171 were visited in the field.
Logical_Consistency_Report: arc and polygon topology exists.
Completeness_Report: Areas greater than or equal to 0.5 acres were delineated and

classified.
Positional_Accuracy:
Horizontal_Positional_Accuracy:
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Horizontal_Positional_Accuracy_Report: 1.18 meters in the x direction (NMAS Map
Class 1), 2.89 meters in the y direction (NMAS Map Class 2)
Lineage:
Source_Information:
Source_Citation:
Citation_Information:
Originator: Air Photographics, Inc
Publication_Date: Unpublished Material
Title: Aerial photographs of Valley Forge NHP
Geospatial_Data_Presentation_Form: remote-sensing image

Source_Scale_Denominator: 6000
Type_of_Source_Media: color ir aerial transparencies
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 19990912

Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation: photos
Source_Contribution: Aerial view of Valley Forge NHP

Process_Step:
Process_Description: The photos (49 total) were used to create an orthorectified

mosaic using Erdas Imagine. The photos were scanned at 600 dpi and imported into
Imagine. They were then orthorectified using the DOQQs and the DEMs as reference.
The DEMs were resampled from 30 meters to 10 meters. Each photo had at least 6
ground control points with a total RMSE of less than 1 meter. The orthorectified images
were then mosaiced within Imagine to form one seamless basemap image for Valley
Forge NHP. The mosaic was compressed using Mr. SID software at a 1:20 target
compression ratio.

Process_Date: 200009
Process_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: North Carolina State University, Center for Earth

Observation
Contact_Address:
Address_Type: mailing address
Address:
NCSU Center For Earth Observation
NCSU Campus Box 7106

City: Raleigh
State_or_Province: NC
Postal_Code: 27695-7106
Country: USA

Contact_Voice_Telephone: 919-515-3430
Contact_Facsimile_Telephone: 919-515-3439

Source_Information:
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Source_Citation:
Citation_Information:
Originator: NCSU Center for Earth Observation
Publication_Date: 200010
Title: Orthorectified Imagine image of Valley Forge National Historical Park.
Edition: first
Geospatial_Data_Presentation_Form: map

Source_Scale_Denominator: 6000
Type_of_Source_Media: remote-sensing image
Source_Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 19990912

Source_Currentness_Reference: ground condition
Source_Citation_Abbreviation: original Imagine photomosaic
Source_Contribution: Mosaiced aerial view of Valley Forge National Historical Park.

Process_Step:
Process_Description: Homogeneous vegetation polygons were delineated on-screen

in ArcMap using the photomosaic as a basemap. Then the polygons were classified
according to The Nature Conservancy's Terrestrial Vegetation of the Northeastern United
States, Pennsylvania and Region 61 Subset (a National Vegetation Classification System
document). Classification codes correspond to the Formation level of the NVCS
hierarchy. The official minimum mapping unit for this project was 0.5 acres, but 23 of
378 polygons are actually smaller than this area. The map was primarily delineated using
digital monoplotting method. However, the original aerial photographs were viewed with
a stereoscope to provide reference, particularly during map revision.

Process_Date: 200006
Source_Produced_Citation_Abbreviation: vegetation polygons
Process_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: NCSU Center for Earth Observation

Contact_Address:
Address_Type: mailing address
Address:
NCSU, Center For Earth Observation
NCSU Campus Box 7106

City: Raleigh
State_or_Province: NC
Postal_Code: 27695-7106
Country: USA

Contact_Voice_Telephone: 919-515-3430
Contact_Facsimile_Telephone: 919-515-3439
Hours_of_Service: 8:30 am - 5:30 pm
Contact_Instructions: phone
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Spatial_Data_Organization_Information:
Direct_Spatial_Reference_Method: Vector
Point_and_Vector_Object_Information:
SDTS_Terms_Description:
SDTS_Point_and_Vector_Object_Type: Complete chain
Point_and_Vector_Object_Count: 1053

SDTS_Terms_Description:
SDTS_Point_and_Vector_Object_Type: Entity point
Point_and_Vector_Object_Count: 378

SDTS_Terms_Description:
SDTS_Point_and_Vector_Object_Type: GT-polygon composed of chains
Point_and_Vector_Object_Count: 378

SDTS_Terms_Description:
SDTS_Point_and_Vector_Object_Type: Point
Point_and_Vector_Object_Count: 4

Spatial_Reference_Information:
Horizontal_Coordinate_System_Definition:
Planar:
Map_Projection:
Map_Projection_Name: Transverse Mercator
Transverse_Mercator:
Scale_Factor_at_Central_Meridian: 0.999600
Longitude_of_Central_Meridian: -75.000000
Latitude_of_Projection_Origin:
False_Easting: 500000.000000
False_Northing: 0.000000

Planar_Coordinate_Information:
Planar_Coordinate_Encoding_Method: coordinate pair
Coordinate_Representation:
Abscissa_Resolution: 0.000008
Ordinate_Resolution: 0.000008

Planar_Distance_Units: meters
Geodetic_Model:
Horizontal_Datum_Name: North American Datum of 1983
Ellipsoid_Name: Geodetic Reference System 80
Semi-major_Axis: 6378137.000000
Denominator_of_Flattening_Ratio: 298.257222

Entity_and_Attribute_Information:
Detailed_Description:
Entity_Type:
Entity_Type_Label: form_map.pat
Entity_Type_Definition: none
Entity_Type_Definition_Source: none

Attribute:
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Attribute_Label: FID
Attribute_Definition: ArcInfo internal ID

Attribute:
Attribute_Label: SHAPE
Attribute_Definition: Topological form (polygon)

Attribute:
Attribute_Label: AREA
Attribute_Definition: Area of each polygon in square meters

Attribute:
Attribute_Label: PERIMETER
Attribute_Definition: Polygon perimeter in meters

Attribute:
Attribute_Label: FORM_MAP#

Attribute:
Attribute_Label: FORM_MAP-ID

Attribute:
Attribute_Label: FORMATION_
Attribute_Definition: Vegetation formation code, from the NVCS (per TNC's
Terrestrial Vegetation of the Northeastern U. S.)

Attribute:
Attribute_Label: FORM_DESCR_
Attribute_Definition: Vegetation formation descriptive name, from the NVCS (per
TNC's Terrestrial Vegetation of the Northeastern U. S.)

Attribute:
Attribute_Label: ALLIANCE
Attribute_Definition: Preliminary vegetation alliance according to NVCS (per TNC's
Terrestrial Vegetation of the Northeastern U. S.)

Attribute:
Attribute_Label: COMMENTS
Attribute_Definition: Vegetation-related comments pertinent to VFNHP natural
resource management

Attribute:
Attribute_Label: X_COORD
Attribute_Definition: polygon label x coordinate

Attribute:
Attribute_Label: Y_COORD
Attribute_Definition: polygon label y coordinate

Attribute:
Attribute_Label: POINT_ID
Attribute_Definition: generic polygon number that would not change, used for
referencing polygons

Attribute:
Attribute_Label: WAYPOINT_ID
Attribute_Definition: Waypoint ID number corresponding to that polygon and is only
a value other than zero if that polygon was visited in the field for accuracy. Also ties
field sheets to each polygon.
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Overview_Description:
Entity_and_Attribute_Overview: Dataset includes Formation level vegetation class for

each polygon, preliminary alliance level vegetation class (where possible), general
comments, X and Y coordinates for each label point/centroid, and an ID indicating
whether the polygon was visited as part of thematic accuracy assessment.

Entity_and_Attribute_Detail_Citation: Valley Forge NHP

Distribution_Information:
Distributor:
Contact_Information:
Contact_Organization_Primary:
Contact_Person: Brian Lambert
Contact_Organization: Valley Forge NHP

Contact_Position: Natural Resource Manager
Contact_Address:
Address_Type: mailing address
Address: Valley Forge NHP, N. Gulph Road & Route 23, Admin Building
City: Valley Forge
State_or_Province: Pennsylvania
Postal_Code: 19481
Country: USA

Contact_Voice_Telephone: (610) 296-2583
Contact_Electronic_Mail_Address: Brian_Lambert@nps.gov

Resource_Description: Orthorectified 3 band color raster image of Valley Forge NHP.
Distribution_Liability:
The National Park Service shall not be held liable for improper or incorrect use of the

data described and/or contained herein. These data and related graphics ("GIF" format
files) are not legal documents and are not intended to be used as such.

The information contained in these data is dynamic and may change over time. The
data are not better than the original sources from which they were derived. It is the
responsibility of the data user to use the data appropriately and consistent within the
limitations of geospatial data in general and these data in particular. The related graphics
are intended to aid the data user in acquiring relevant data; it is not appropriate to use the
related graphics as data.

The National Park Service gives no warranty, expressed or implied, as to the accuracy,
reliability, or completeness of these data. It is strongly recommended that these data be
directly acquired from an NPS server and not indirectly through other sources, which
may have changed the data in some way. Although these data have been processed
successfully on a computer system at the National Park Service, no warranty expressed or
implied is made regarding the utility of the data on another system or for general or
scientific purposes, nor shall the act of distribution constitute any such warranty. This
disclaimer applies both to individual use of the data and aggregate use with other data.
Custom_Order_Process:
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Contact
Brian Lambert
Valley Forge NHP, N. Gulph Road & Route 23, Admin Building
(610) 296-2583
Brian_Lambert@nps.gov

Metadata_Reference_Information:
Metadata_Date: 20010301
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: Center for Earth Observation

Contact_Address:
Address_Type: mailing address
Address:
NCSU, Center For Earth Observation
NCSU Campus Box 7106, 5112 Jordan Hall

City: Raleigh
State_or_Province: NC
Postal_Code: 27695-7106
Country: USA

Contact_Voice_Telephone: 919-515-3430
Contact_Facsimile_Telephone: 919-515-3439
Contact_Instructions: phone

Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata
Metadata_Standard_Version: FGDC-STD-001-1998
Metadata_Time_Convention: local time


