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A methodology for analyzing error within a geographic information 

i systems context is described. 

INTRODUCTION Although many types of data are employed in this 

T HE EXPANDING information requirements of decision process, two existing data sources which 
planning and resource management agencies offer potentially valuable information are Landsat 

at all levels of the political/administrative hierar- multispectral scanner (MSS) computer compatible 
chy have provided considerable impetus to the tapes (CCT'S), and digital terrain tapes (Stow, 1978). 

ABSTRACT: The ability to quantify the source and magnitude of errors as- 
sociated with a given methodology for portraying landscape parameters is im- 
portant. The goal of the research presented herein has been to derive a quantifi- 
able measure of data representation accuracy for thematically classified Land- 
sat and digital terrain tape data within the context of the needs of the county 
level resource manager in Ventura County, California. A case study, which 
assesses the ability of Landsat to provide spatially accurate thematically classi- 
fied land-cover information and digital terrain tapes to provide elevation, is 
presented. In addition, the digital terrain tapes can also be processed to supply 
other terrain information, such as slope angle and aspect, for input to a 
county-leuel resource management information system. 

Analytic procedures developed in connection with this study differ from 
similar previous studies in that they have been specifically designed around a 
digital, fixed-grid geographic information system. System attributes were 
oriented toward county-level resource management usage. Landsat derived, 
thematically classified data correctly represented land cover in 234 o f  320 (73 
percent, or 68 to 78 percent at the 95 percent confidence limits) randomly sam- 
pled grid cells, but only 202 (63 percent) of the 320 sampled digital terrain tape 
elevation values were within one-half of the contour interval (30.5 metres) when 
compared to 1:24,000-scale topographic map data. 

Results of this study indicate that (1)  thematically classified Landsat data can 
be suitable as a first stage sample of land couer for county-level resource man- 
agement assessments, and (2) digital terrain tape data produced by  digitizing 
1 :250,000-scale Army Mapping Service topographic maps appear to be unsuit- 
able for portraying elevations for county-level needs. Digital terrain tape data, 
however, may be effective in supplying derived graphic or terrain data prod- 
ucts, as well as in supplying additional channels of data for county-level land- 
couer classification procedures. 

development of geographic information systems The main objectives of the research reported 
(GIS).  Agencies at the federal, state, regional, herein have been to 
county, and local levels rely on environmental Examine the potential of the National Aeronau- 
data as input into their decision-making process. tics and Space Administration developed Landsat 
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and the National Cartographic Information Cen- 
ter's (NCIC) digital terrain tape data as inputs 
into a county-level resource information system; 
and 
Develop a methodology which specifically 
analyzes the magnitude and source of error in- 
volved in the incorporation of Landsav~ss de- 
rived land-cover classification and digital terrain 
tape data into a geographic information system. 

Using computer-assisted image processing pro- 
cedures, it is possible to inventory land-cover 
categories by processing Landsat digital data. In 
addition to the elevation data recorded on the dig- 
ital terrain tapes, slope gradient and aspect data 
can be calculated from the tapes by computer pro- 
cessing. Such calculations are difficult and cannot 
be derived efficiently from standard topographic 
maps. Each of these data types alone-themati- 
cally classified land-cover data from Landsat, and 
elevation, slope angle, and aspect from digital 
terrain information, in a usable format-would 
supply important information to resource man- 
agers. However, by combining these data sets 
within the context of a geographic information 
system, the resulting synergism offers additional 
and potentially more powerful information to the 
user. 

An empirical approach has been chosen so that 
an assessment of data set accuracy in representing 
specific environmental phenomena could be de- 
termined. Although a theoretical understanding of 
factors affecting data accuracy is also important, 
potential geographic information system users are 
typically more interested in, and responsive to, ac- 
curacy figures derived from a well designed sys- 
tematic sampling procedure (Eastwood et al., 1976). 

The study area for the analysis ofthe potential of 
Landsat and digital terrain data sets within a CIS 

context is represented by the Matilija 7.5-minute, 
1:24,000-scale topographic quadrangle in Ventura 
County, California (Figure 1). The area contains a 
diversity of land-use and land-cover types as- 
sociated with the biophysical and cultural setting 
of the region. This diversity, combined with the 
presence of significant tdpographic variation, 
makes the auadranele an excellent area for ver- 
ifying the accuracyYof the Landsat derived land- 
cover classification and topographic data in a geo- 
graphic information system framework. 

Geographic information systems evolved as a 
means of assembling, storing, and analyzing di- 
verse data pertaining to specific geographic areas, 
with spatial locations of the data serving as the 
basis for the information systems (Tomlinson, 
1976; Calkins and Tomlinson, 1977). Geographic 
information system structure has evolved around 
locational identifiers and the methods used to en- 
code data for input storage and manipulation. 

VENTURA COUNTY - MATlLlJA STUDY AREA 

FIG. 1. Map showing Matilija 7.5minute quad- 
rangle study site in Ventura County, California. 

Many systems have been developed, primarily for 
land use planning and resources management at 
the urban, regional, state, and national levels of 
government. Most of these systems rely on data 
from existing maps or on data that can be mapped 
readily to supply the locational information re- 
quired by the systems. Remote sensing data usu- 
ally have been interpreted visually or manually, 
converted to thematic map form, and then dig- 
itized for input into a GIS (Shelton and Estes, 
1979). 

To date, there has been only limited theoretical 
discussion of remote sensing as a source of data for 
geographic information systems. Even less discus- 
sion has occurred concerning the techniques and 
advantages of direct linkage between geographic 
information systems and the new computer-based 
remote sensing systems for automated and 
machine-assisted image analysis. Yet, geographic 
information systems are becoming important tools 
in public decision-making and have significant 
potential to facilitate the use of remotely sensed 
data. This potential has only recently begun to be 
explored and developed. For example, recent de- 
velopments in satellite remote sensing have es- 
tablished pixels as locational identifiers, produced 
large volumes of data in digital format, and created 
new types and frequencies of data for analysis of 
the human environment. These data can routinely 
and directly be used as input to geographic infor- 
mation systems. However, there is a lack of under- 
standing of (1) the data input problems of GIS 

systems, (2) the monitoring capabilities of remote 
sensing systems, and (3) the improved modeling 
and timely synoptic analysis of environmental 
conditions and processes based on the utilization 
of (a) the monitoring capabilities of remote sensing 
and (b) the analytical capabilities of computer- 
based information systems (Shelton and Estes, in 
review). 

Many county-level resource managers have only 
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FIG. 2. 12 October 1974 Landsat Band 5 image illustrating the multispectral 
scanner data for which thematic landcover data were derived. The white quad- 
rangle outlines the Matilija study site which was thematically classified. 

recently begun to realize the efficiencies inherent 
in computerized geographic information systems 
technology (Lockhard and Singer, 1980). A wide 
variety of resource management activities stand to 
benefit from the use of such systems for storing, 
organizing, manipulating, and retrieving resource 
data. 

Some of the county-level resource management 
activities which stand to benefit from application 
of geographic information system technology in- 
clude 

Environmental impact assessments; 
U.S. Environmental Protection Agency (EPA) 

local 208 water quality planning elements; 
Watershed runoff and other hydologic modeling; 
and 
Fire and fuel management modeling; 

to name but a few. 
Among the benefits that can be realized by re- 

source managers is the ease with which spatially- 
referenced resource data may be retrieved and 
manipulated by a wide variety of users with di- 
verse management responsibilities. Quite often, 
data sets and duplication of data collection efforts 
by agencies within a given administrative unit 

may not be realized until an information system is 
well established and properly maintained. 

Land-cover and topographic data are two of the 
major information inputs required for resource 
management information systems at all levels of 
jurisdiction. In simple terms these two spatial data 
types describe both the cover and relative varia- 
tions of the surface terrain, which are essential to 
the modeling and managing of most Earth re- 
source phenomena. County-level resource man- 
agers who have either developed or already utilize 
a geographic information system should look 
closely at Landsat ~ s s  and NCIC digital terrain tape 
data for supplying these important data which can 
produce basic inputs to a large number of the 
models they employ. In the discussion that fol- 
lows, we address some of the problems and po- 
tentials that county-level resource managers 
should consider prior to adopting Landsat and 
digital terrain data types as information sources. 
Emphasis is placed on data accuracy and, more 
specifically, the documentation of a methodology 
for assessing the accuracy of these data.To ac- 
complish this analysis, the study employs a geo- 
graphic information system to provide the 



FIG. 3. (a) Lineprinter map of Landsatderived land-cover data for the Matilija quad study site. The original 
multispectral scanner data have been geometrically corrected and are comparable to (although referenced to 
a different map projection) (b), the reduced version of a USGS 1:24,000-scale topographic quadrangle map of 
the area. 

framework within which the analysis of Landsat 
and digital terrain data accuracy characteristics 
within the context of county-level resource man- 
agement decision needs is accomplished. The in- 
formation system employed would be generically 
referred to as a grid system, because data are 
stored in fixed-interval square grid cells. 

Digital data recorded by the Landsat multi- 
spectral scanner (MSS) have been used to 
categorize land cover for imaged areas. Land- 
cover classification from Landsatl~ss data can be 
viewed as a statistical determination of character- 
istic spectral signatures associated with land-cover 
types. Once a representative sample of spectral 
signatures are associated spatially with specific 
land-cover categories, large areas (up to several 
Landsat scenes) can be classified simultaneously 
(depending upon the geographic homogeneity of 
categories and their spectral responses within the 
scene). Because the Landsat covers most areas on 
the Earth at least once every 18 days (more often at 
high latitudes to 81" North and 81" South latitudes, 
andlor if more than one Landsat is operational at a 
given time), land-cover classifications may be up- 
dated at intervals which satisfy many of the needs 
of land resources managers involved in the plan- 

ning and management decision processes. For 
these applications, some type of image format map 
is the typical form on which the final classification 
product is presented. Critical for geographic in- 
formation systems, though, are digital data files 
where a particular thematic class is coded in a 
single byte of date, and rows and columns of these 
data bytes represent the gridded spatial orienta- 
tion of the data. 

Elevation data stored in digital form on the dig- 
ital terrain tapes appear to be a convenient and 
cost-effective means of acquiring terrain data for 
input into a geographic information system. Origi- 
nally produced by the Army Map Service (now the 
Defense Mapping Agency (DMA)) for military de- 
fense purposes, the terrain tapes have recently 
been released through the United States Geologi- 
cal Survey's ~ a t i o n a l  Cartographic ~nformation 
Center (NCIC) for public use at a cost which is con- 
siderably less than the time and materials costs. 
Digital terrain tapes were produced by digitizing 
the Army Map Service (AMS) 1:250,000-scale to- 
pographic series maps. A fured-grid of elevation 
values resulted from digitization of the map con- 
tours and interpolation of non-digitized grid 
points, which were then recorded on magnetic 
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Resamplinglregridding to square one-acre pixels; 
Systematic and non-systematic geometric correc- 

FIG. 4. Three-dimensional terrain perspective plot 
generated from NCIC digital terrain tape data of the 
Matilija quadrangle area. 

tape. This data array may be processed to yield 
various map scales and projections by computer 
cartographic techniques (Figure 4). Other terrain 
information, such as slope gradient, length, aspect, 
and convexity, can also be calculated from the data 
contained on the tape, through the use of common 
computer processing techniques (Evans, 1972; 
Dole, 1978). 

The terrain data have also been shown useful in 
the classification and inventory of certain land- 
cover categories (Krebs et al., 1976; Strahler et al., 
1979). When incorporated with Landsat multi- 
spectral data in a compatible form (similar to their 
storage form in the geographic information system 
of this study), the addition of the terrain informa- 
tion has been shown to improve classification ac- 
curacies of categories that exhibit unique terrain 
dependencies, specifically, natural vegetation 
categories (Fleming and Hoffler, 1979; Strahler, 
1978). 

I 

Both Landsau~ss and digital terrain tape data 
were digitally processed to facilitate their incorpo- 
ration into the geographic information system 
used in this study. This grid-based system 
employs a one-acre fixed grid storage cell, 63.6 
metres per side, and used the Universal Transverse 
Mercator (UTM) projection. In other words, data in 
columns of the data storage array follow Northings 
and rows follow Eastings of the UTM-projection co- 
ordinate system. 

Landsau~ss data were processed digitally to 
perform image rectification/georeferencing and 
classification. NASAIGoddard's Digital Image Rec- 
tification System (DIRS) was used to perform the 
rectificationlgeoreferencing processing (Van Wie, 
1976). Such processing allows the raw Landsat 
data to be geometrically corrected and trans- 
formed to the informations system UTM projection. 
Using DIRS, the following functions were per- 
formed: 

tions; 
"Rubber sheet" georeferencing to the UTM grid 
system; and, 
Extraction of data for 7.5-minute quadrangle area 
(see Figure 3). 

PurdueILARS' LARSYS 3 image processing pack- 
age was used to perform a conventional super- 
vised automated land-cover classification (Phil- 
lips, 1973). Ten land-cover categories similar to a 
United States Geological Survey (uscs) Level I1 
classification (Anderson et al., 1976) were derived 
using the four spectral bands of a 12 October 1974 
Landsat scene (Figure 2). This scene was chosen 
as a base date (when the information system was 
established), because of its exceptional image 
quality and an intuitive knowledge of optimal sea- 
sonal spectral signature characteristics between 
land-cover categories of interest. Land-cover re- 
flectance statistics were generated from training 
sites that were selected with the aid of supporting 
9 in. by 9 in. low-altitude color aerial photography 
and 1:24,000-scale vegetation map data. These de- 
rived statistics were used to generate a pixel by 
pixel classification of land cover based on 
maximum likelihood decision rule criteria. The 
final output was a digital, land cover classification 
map compatible with the storage attributes of the 
geographic information system (Figure 3). 

NCIC digital terrain tape data were also pro- 
cessed into a form suitable for its incorporation 
into the geographic information system. The 63.5- 
metre fixed-grid form of the raw data was resam- 
pled, regridded, and matrix-transposed to con- 
form with the information system's grid specifica- 
tions (Junkin, 1979).* These operations adjust both 
the orientation of the data array and the size of the 
storage grid cell for data set compatibility. 

In order to derive accuracy information, a verifi- 
cation procedure based upon a systematic random 
sampling scheme was applied to the digitally pro- 
cessed classified Landsat and terrain data sets. 
Percentages of correct land-cover and elevation 
representation were determined by verification 
checks of random grid cells against conventional, 
large-scale data. The procedure does not attempt 
to examine accuracies for particular land-cover 
and elevation categories, but instead assesses the 
total representation accuracy of each data set. 
Therefore, both positional (x-y component) and 
attribute (z component) accuracy will influence 
the final representation accuracy that is assessed. 

*Sohare allowing for data reformatting, subscene 
extraction, and regridding was developed by Jeff Dozier 
of the Geography Department, University of California 
at Santa Barbara. 
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Articles describing methodologies for the mea- 
surement of accuracy for nominal-scale land-use1 
land-cover data are justifiably numerous (Hord 
and Brooner, 1976; Fitzpatrick-Lins, 1978; Hay, 
1979; Ginevan, 1979). Many of them are con- 
cerned with the statistical reliability of sample de- 
sign, but do not deal with the design of measure- 
ment and assessment criteria for evaluating the 
"correctness" of thematic categorizations. Most 
treatises that do define methodologies for actually 
comparing thematic land-uselland-cover data with 
"ground truth" observations have been involved 
with polygonal representations of the thematic 
data in analog (map) form (Hord and Brooner, 
1976); Fitzpatrick-Lins, 1978). 

Many attempts have been made to assess the 
accuracy of digital thematic Landsat data (grid rep- 
resentation). Few, though, have documented a 
methodology that systematically takes into con- 
sideration the positional accuracy of the data, as 
well as whether sampled data cells are randomly 
distributed. The tendency in past accuracy as- 
sessments of thematic Landsat data has been to 
check the accuracy of classifying contiguous 
blocks of data cells known as "test sites." In some 
instances, accuracy figures are mistakenly deter- 
mined by checking how accurately the grid cells 
originally used for deriving training sites in the 
supervised classification mode are categorized. In 
both cases it is questionable that effects of either 
positional or random distribution are adequately 
considered. 

In this study, sampled grid cells were located by 
calculating Easting and Northing coordinates of 
grid center points. A random number generator 
produced x and y coordinates for numbers be- 
tween one and the dimensions of the data array 
under study (182 by 219). Using the sample design 
criterion of Fitzpatrick-Lins (1978), 320 samples 
were sequentially chosen from a larger number of 
randomly generated coordinate pairs. After plot- 
ting the position of sample points, it was decided 
that the distribution was indeed evenly and ran- 
domly distributed. Coordinate pairs were then 
converted to Eastings and Northings. A UTM grid 
transparency designed for overlaying on 1:24,000- 
scale, 7.5 quadrangles facilitated the location of 
sample grid-center points on the verification data 
sets. 

Landsat-derived land-cover categories for sam- 
ple cells were verified against a 1:24,000-scale or- 
thophotoquad, while the actual land-cover verifi- 
cation was judged from the interpreter's 9 in. by 9 
in. low altitude color aerial photography. A prob- 
lem arose in the verification procedure in that the 
color aerial photography was imaged two years 
after the image date of the Landsat data. To 
minimize the impact of this time differential, areas 
that might have changed during this two year pe- 
riod were identified by comparing NASA high al- 

titude color infrared photographs acquired near 
the time of the low-altitude aerial photography 
and Landsat data acquisitions. 

A comparative analysis of land cover was based 
on an interpretation of the low-altitude aerial 
photography for an area surrounding the grid-cell 
center, similar to that of the geographic informa- 
tion system (one-acre). Derived accuracy figures 
were influenced bv more than the ~erformance of 
the multispectral classification. Accuracy was also 
influenced b y  the ability to correctly rectify1 
georeference the processed Landsat datiusing the 
DIRS software. 

NCIC digital terrain tape data were checked 
against the uscs 1:24,000-scale "Matilija" topo- 
graphic quadrangle map by measuring along UTM 
coordinates and locating sample positions. An ac- 
curacy criteria similar to that of USGS topographic 
map accuracy checks (i.e., + one-half of the origi- 
nal mapping contour interval or 30.5 metres), was 
used to set up the arbitrary limits of correct eleva- 
tion representation. The elevation value on, or 
interpolated between, the contours nearest the 
sample grid-center point was considered the 
"real" value. An eitherlor "correctness" measure 
was then derived from the percentage of digital 
values that were within 30.5 metres elevation of 
the "real" (topographic map) value. 

Using the techniques described above, data rep- 
resentation accuracy as analyzed for Landsat 
land cover and digital terrain tape data was found 
to be as follows: 

Landsat derived data correctly represented land 
cover in 234 of 320 randomly shaped grid cells as 
verified against low-altitude photography. This 
resulted in an overall accuracy of 73 percent (68 
percent-78 percent at a 95 percent confidence 
interval) (Figure 5); and, 
Only 202 (63 percent) of the 320 sampled digital 
terrain tape elevation values were within one- 
half of the contour interval (30.5 metres), as com- 
pared against 1:24,000-scale topographic map 
data. 

The 73 percent accuracy figure for Landsat 
land-cover representation here should be com- 
pared prudently with figures arrived at by previ- 
ous Landsat classification accuracy assessments. 
Most of these assessments analyze only how well a 
statistical-based classifier operated when applied 
to Landsat data to determine land-cover classes 
from spectral signatures, rather than whether the 
final output product of the Landsat classification 
accurately represents spatially distributed in situ 
land-cover conditions. By also accounting for the 
ability to accurately rectifylgeoreference the 
Landsat data to the projection scheme of the geo- 
graphic information system, the accuracy figure 
derived in this study was expected to be somewhat 
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I I Inlormallon Svstem Re~resentaltve Class 1 

68 - 78% at 95% 
total rmmber ol samples= 320 

FIG. 5. Contingency table depicting ac- 
curacy verification of thematic Landsat 
derived land-cover data. The figure com- 
pares accuracies obtained from the 
analysis of the Landsat information (as 
represented within the geographic infor- 
mation system) versus the analysis of the 
"ground truth data derived from a USGS 
orthophoto quad and low altitude color 
photography. 

lower; (that is, lower than studies in the past that 
have not considered positional accuracy and ran- 
dom sampling in their methodology). Whether or 
not the accuracy level of representing individual 
data is sufficient depends on the particular infor- 
mation needs of individual resource managers. 

Considering the uscsB accuracy standard of 90 
percent of all sampled points falling within one- 
half of the contour interval, the 63 percent accu- 
racy for the digital terrain tape data derived here is 
considered disappointing within the context of the 
objectives of this study. However, this figure too 
must be carefully extrapolated when employed for 
areas and utilities outside the scope of the study. 
Data representation errors appeared to be more a 
function of vertical inaccuracy than of horizontal 
displacements. Upon briefly assessing the location 
and magnitude of "error" samples, most of them 
were located in the mountainous portions of the 
test site. In most cases, none of the adjacent data 
elements were within the acceptable accuracy 
criteria either. The topographic form of terrain 
features was portrayed well in a generalized way, 
but the elevation values themselves, in a given 
area, often were significantly beyond the allow- 
able accuracy criteria. 

Although exact elevation values are not accu- 
rate in all cases, the portrayal of generalized topo- 
graphic surface from point to point may in fact be 
adequate for many county-level resource man- 

agement purposes. That is, the secondarily- 
derived slope, aspect, and convexity data, which 
are often more important to resource managers, 
have been found in other studies to be acceptably 
accurate (Dozier and Outcalt, 1978; Strahler, 
1978). Even these data accuracies, though, are 
questionable for areas of irregular terrain. For ir- 
regular terrain the high degree of "smoothing" of 
the digital terrain tape data often over-generalizes 
the true surface expression of terrain (i.e., fails to 
portray smaller terrain features such as canyons 
and knolls). 

The major findings specific to the data set, study 
area, and framework for analysis of this research 
are 

Single date Landsatl~ss derived land-cover 
classification data appear to be a source of mar- 
ginally accurate data for meeting county-level re- 
source management information requirements, as 
incorporated into a digital geographic informa- 
tion system. The derived 73 percent classification 
accuracy (68-78 percent at the 95 percent confi- 
dence level) is significantly below the 85 percent 
accuracy standard of the uscs land-cover map- 
ping program. Its readily incorporated digital 
form and frequency of coverage, however, make 
it an appealing first stage land-cover base, which 
may be easily edited through other image pro- 
cessing and geographic information system tech- 
niques. Thematic Landsat data's greatest poten- 
tial appears, in this context, to be in a "change 
detection" mode for updating more detailed and 
accurate classifications. 
Based on an analysis of the data employed in this 
project, NCIC digital terrain tape data informa- 
tion of value to resource managers, within the 
context of a geographic information system, ap- 
pears to be unsuitable for many resource man- 
agement assessments, due to its failure to accu- 
rately represent elevation values. At present, it is 
not possible to correctly and efficiently edit this 
data source to a point of acceptable accuracy. The 
digital terrain tape data are, though, an inexpen- 
sive, readily available source suitable for pro- 
ducing automated cartographic outputs and sec- 
ondary data such as slope, aspect, and convexity. 
It has also been shown useful for incorporation 
into digital land-cover classification as a.means of 
improving classification accuracies for terrain- 
dependent categories. 

In concluding this research effort, a recommen- 
dation is offered with regards to further related 
research of Landsat derived land-cover and digital 
terrain tape data, and their incorporation into geo- 
graphic information systems. Other processing 
systems and analysis techniques (including multi- 
date analysis) must also be examined. Attributes 
such as cost and utility must continue to be re- 
searched in an objective, unbiased manner. Re- 
sults and findings must be well documented so as 
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to influence the considerations of the resource accuracy, Photogrammetric Engineering and Re- 
management user community. Of particular im- mote Sensing, Volume 45, No. 4, PP. 529-533. 

is the necessity to continue to empi+ Hord, R. M., and W .  Brooner, 1976. Land-use map accu- 

cally derive and demonstrate standardized quan- racy criteria, Photogrammetric Engineering and 
Remote Sensing, Volume 42, No. 5, pp. 671-677. titative accuracy measurements for a wide variety Junkin, B. G., 1979. A method for the processing and 

of methodologies in differing geographic envi- analysis of digital terrain data, NASA/ 
ronments. ERL Technical Re~ort  No. 177. 
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