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ABSTRACT: Computer-generated maps, manipulated through geographic information systems (GIS), are powerful tools
for analyzing complex spatial interactions. Depending upon the level of error inherent in the source data and the error
operationally produced through data capture and manipulation, GIS products may possess significant amounts of error.
Errors inherent in (1) land-cover maps derived through classification of Landsat digital data; (2) slope-angle and slope
aspect information derived from digital terrain tapes; and (3) soil-type data acquired from USDA Soil Conservation
Service (SCS) soil survey reports were assessed. These data·were compared to field information collected for 35 sample
sites distributed throughout a four-square-mile test area. A 2.5-acre (IOO-sq.m) and IO.O-acre (200-sq.m) resolution cell
were utilized to capture data using both the cell midpoint and cell-dominant methods of encoding. Inherent error
ranged from 43 percent for the 2.5-acre (100-sq.m) land-cover map to 83 percent for the IO.O-acre (200-sq.m) slope-angle
map. Operational error was also examined. When two or more data layers were combined, errors were found to range
from 13 to 29 percent. Combined inherent and operational error ranged from 71 to 83 percent. Smaller cell sizes produced
lower inherent and operational error levels, as did the use of the cell dominant area method of data capture. Error
significantly increased when more than two data layers were analyzed in concert.

INTRODUCTION

ENVIRONMENTAL ANALYSIS is hampered by a host of infor
mational problems. Lack of data, deficiencies in the quality

of data, and incompatibility of data derived from different sources
cause obvious difficulties in land management. Geographic in
formation systems (GIS) technology can be successfully em
ployed to lessen data integration problems and the time
consuming process of synthesizing tremendous amounts of in
formation for problem analysis. In a GIS, one can convert analog
information into digital data, and then edit, store, manipulate,
and display the data as maps or color images for use in a variety
of resource management applications (Walsh, 1985). Applica
tions in modeling of regional evapotranspiration, hydrology,
natural hazards, land cover, and wildlife habitat have been re
ported (Butterfield and Key, 1986; Cibula and Nyquist, 1987;
More et al. 1984; Walsh and Gregory, 1985; Walsh and Stadler,
1983; Walsh et aI., 1984).

Two sources of error, inherent and operational, contribute to
reduction in accuracy of the products that are generated by
geographic information systems. Inherent error is the error
present in source documents. Operational error is produced
through the data capture and manipulation functions of a GIS.

This paper assesses errors inherent in (1) land-cover maps
derived through the classification of Landsat digital data; (2)
slope-angle and slope-aspect information derived from digital
terrain tapes; and (3) soil-type data acquired from USDA Soil
Conservation Service (SCS) county soil survey reports. A statis
tical analysis of map error is presented to show the error in
herent in each of the three source data sets, and potential
operational errors which may be produced through data ma
nipulation within the GIS. The principal objective of this re
search is to document inherent sources of error in data types
commonly utilized in resource management applications, and
to trace the operational error produced through data manipu
lation scenarios involving data overlays, composite mapping,
and model development.

To accommodate the accuracy assessment, field data were
collected at sample sites randomly distributed throughout a four
square-mile test area. Both inherent error and operational error,
introduced through the manipulation of data layers containing
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various amounts of inherent error, were compared to the field
data in order to assess error.

BACKGROUND

Vitek et al. (1984) discussed the occurrence of inherent and
operational errors in geographic information systems. They
provided examples of inherent error and stressed the need for
developing error statements for data contained within geo
graphic information systems. They also provided examples of
operational error present in simple products and posed the
question "can we account for the error at various stages in the
development of the final GIS product?" They concluded by stat
ing that the integration of data from different sources and in
different original formats (e.g., points, lines, and areas), at dif
ferent original scales, and possessing inherent errors can yield
a product of questionable accuracy. They suggested that every
map will contain inherent error based upon the nature of the
source map projection, map construction techniques, and sym
bolization of the data. They noted that operational error is in
troduced during data entry, data manipulation, data extraction,
and data comparison within the GIS. Such error may result in
error-filled maps which fail to impart the information intended
or, even worse, mislead the user (Robinson and Jackson, 1985;
Burrough, 1986). The results of empirical testing of the issues
identified by Vitek et al. (1984), and discussed independently
by Burrough (1986), are discussed in this paper.

Marble and Peuquet (1983) report that the accuracy of a GIS
derived product is dependent on characteristics inherent in the
source products and on user requirements, such as scale of the
desired output product and method and resolution of data en
coding (vector or raster). They suggest that positional accuracies
are of critical importance to many users (see also Stezhenskaya
(1987)). Newcomer and Szajgin (1984) asserted that the highest
accuracy of any GIS output product can only be as accurate as
the least accurate data plane of information involved in the
analysis. The final product, they note, will be less accurate than
any of the individual layers utilized. Burrough (1986) suggests
that results from some mathematical models in a GIS may have
such error margins as to be useless for specific applications
requiring stringent levels of accuracy. Manipulation of thematic
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Oklahoma (Figure 1). The basic objectives of the field data col
lection phase of this research were to identify control 110ints
within the study area; determine their position and landscape
attributes; process disparate data to derive thematic overlays of
land cover, soils, and terrain; and compare spatial and thematic
characteristics of the control points to the processed data sets.

The study area exhibits sufficient physical diversity tol ade
quately evaluate the spatial variations of the selected feature
attributes. Characteristics of the study site include an undulat
ing topography, clay to sandy-clay soils, and a blend of Post
Oak/Blackjack-Oak forest, short-grass prairie, and cultivated land.
Thirty-five field sites were positioned to gather ground infor
mation (Figure 1). Points were randomly located by us~ng a
random numbers table to generate 35 pairs of x and y c<Dordi
nates. These points were plotted onto a mylar grid divided into
a 50 by 50 matrix. The boundaries of the matrix corresponded
to the study area delineated on a 1:24,000-scale topographic
map of the vicinity. The 35 study sites were located in the field
by first locating the points on a 1:3,600-scale aerial photograph
of the study area. A zoom transferscope and radial-line trian
gulation were used to position the points on the August, 1982
aerial photography. Historical aerial photography showed that
no significant changes in land cover have occurred within the
study area since 1982. The 35 points were located in the field
through use of a transit. Numbered flags were used to inaicate
the position of the sample sites for subsequent data colleFtion.
The transit was used for measuring azimuths and a 100-foot
tape was used to determine distances to each control point.
Initial reference points, used to locate all 35 control points, were
determined from the large scale aerial photography of the !'tudy
area. At least two back-azimuth measures were made to known
permanent surface features from each control point.

Land cover, terrain orientation (slope angle and aspect), and
I

FIG. 1. Study area location, central Oklahoma.

METHODS

overlays within the GIS to derive model variables are susceptible
to inherent and operational errors.

Story and Congaiton (1986) state that in order to aid the GIS
user in assessing the inherent accuracy of source documents,
accuracy statements or error evaluation matrices should be at
tached to the data. Other pertinent information should include
the date of data compilation, method of data collection includ
ing sampling approach and frequency, format of the data, geo
graphic coverage of the data, and name and address of the
group responsible for data formulation. According to Mead (1982),
quality of data within the GIS is affected by the age of data, areal
coverage, source map scale, source map resolution, format, ac
cessibility of the data, costs of data acquisition, degree of mod
ification from the source data, and data accuracy.

Users should be further cognizant of the spatial resolution
involved in data encoding within the GIS, particularly the level
of generalization in data capture and manipulation within a
grid-cell data structure. The imposition of an arbitrary rectan
gular coordinate grid overlaid on the source document adds a
second level of generalization to the already generalized original
map source. In addition, the common practice of interpolating,
from irregularly distributed sample points to nodes of a regular
matrix for contouring in cartesian x and y coordinates, can in
troduce considerable error in data representation (Willmott et
aI., 1985). Enumeration unit size, enumeration unit compact
ness, and variability of the distributions mapped are significant
factors in determining choropleth map accuracy for data rep
resentation assessment (Maceachren, 1985).

Landsat digital data have been utilized for land-cover classi
fication with mixed degrees of success (Walsh, 1985; Karaska et
aI., 1986). The accuracy of Landsat digital classification can be
assessed through use of error matrices (Rosenfield, 1986; Con
gaiton et aI., 1983). Geometric registration of Landsat data to
map projections has become a more routine procedure in digital
classification. A geometric error of generally less than one-half
of a pixel is deemed acceptable (Ford and Zanelli, 1985). As few
as four ground control points may be sufficient to fit full- and
quadrant-sized Landsat Thematic Mapper data scenes to the
Universal Transverse Mercator map coordinate system with
subpixel accuracies (Welch et aI., 1985). Surface complexity, level
of detail sought, resolution of the source data, seasonality of
the data, processing sophistication, and amount and quality of
the ground control all contribute to the success of land cover
classification.

Digital terrain and soils data are also known to possess in
herent errors. The accuracy of digital terrain information is a
function of the size of the sampling interval in relation to the
variability of the surface (Burrough, 1986). Nichols (1975) com
pared computer-generated soils maps represented by the cell
dominant area method to detailed soils maps. He reported that,
as cartographic detail on the original soil map increased, less
accuracy existed between the original map and the computer
ized version. Cell size had an inverse relationship with data
accuracy in characterizing actual soil conditions. Cell-dominant
area is the process of assigning a landscape attribute to a cell
based upon the largest area within that cell characterized by a
specific landscape type or condition.

Depending upon the level of error inherent in the source
maps used to build a GIS and those errors produced operation
ally through digitizing, manipulation, and human errors, some
GIS products may possess very high levels of error. Any deci
sions based on such products would thus be flawed. In order
to quantify errors inherent in computer generated land cover,
slope angle and aspect, and soil-type information, digital data
sets of each of the three variables were produced and aligned
as thematic overlays. To accomplish this task, map values of
each of the three overlays were compared to field observations
made within a four-square-mile area located in north-central
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soil-type were recorded at each of the 35 sample points. A Brun
ton compass was used to measure slope angle and slope aspect
within a 3.0-metre radius around the sample site. Land-cover
conditions were recorded within the same measurement radius.
Soil-type information was collected at each site through soil
coring and classification of the soil-type by the USDA Soil Con
servation Service. The soil type found at each point was re
corded regardless of whether it was a major mapping unit or
only an inclusion soil within a mapping unit. Although soil
inclusions are acknowledged and described within the SCS soil
survey reports, their exact boundaries are not shown on SCS
soil survey maps.

THEMATIC MAP OVERLAYS

An April, 1981 Landsat MSS digital data set was acquired for
land-cover classification of the study area. An unsupervised
classification technique was used to produce a map which por
trayed water, cropland, exposed soil, grassland, sparse forest
(less than 50 percent crown closure), and dense forest (greater
than 50 percent crown closure). The digital data were geograph
ically referenced to the Universal Transverse Mercator coordi
nate system prior to classification. The land-cover data were
aggregated to a 2.5-acre (100 sq.m) cell and 1O.0-acre (200 sq.m)
cell to correspond to the two spatial resolutions under investi
gation. Data aggregation levels were achieved through resam
piing of the data matrix derived from the initial Landsat data
set (Figure 2). Output from the classification was printed, on
an electrostatic printer/plotter, at the same scale (1:24,000) as

the U.S. Geological Survey (USGS) topographic base map. Land
cover information was determined from the plots for the 35
study sites by superimposing the land-cover plots onto the
1:24,000-scale topographic map where the sample points had
previously been delineated.

Digital terrain data from the USGS (1:250,000-scale source doc
ument) was utilized to derive slope-angle and slope-aspect val
ues for the 35 field sites. Digital elevation models derived from
1:24,000-scale source documents were not available for the study
area, nor are they available for significant portions of the United
States. Given, therefore, that most land planners would, at best,
have 1:250,000-scale source data available, use of this scale was
believed likely to mirror "real-world" uses of digital terrain data.

The 1:250,000-scale source data are produced by interpolating
elevations at intervals of 3 arc-seconds from contour lines from
USGS 1:250,000-scale topographic maps. Three seconds of arc
represents approximately 90 metres in the north-south direction
and a variable amount in the east-west direction (approximately
45 metres at this study site in north-central Oklahoma). The
accuracy of the digital elevation models is partially dependent
upon the scale of the map utilized for digitizing the elevation
data (Elassal and Caruso, 1983).

The digital terrain data were used to produce separate maps
for slope angle and slope aspect. Maps were produced at grid
cell resolutions of 2.5 acres (100 sq.m) and 10.0 acres (200 sq.m)
through matrix resampling of the source data. Slope increments
of 1.0 percent and eight primary compass directions were used
to characterize the topography of the study area. Slope angles
ranged from 0 to 6 percent.

The terrain information was output to the printer/plotter at a
scale of 1:24,000 for overlay onto the topographic base map.
Slope angle and aspect information was extracted from the plots
for the 35 sites. Data were aggregated to 100-sq.m and 200-sq.m
cells, respectively (Figures 3 and 4). Note that the steeper slopes
were eliminated through data aggregation (Figure 4). A loss of
sensitivity in characterizing slope aspect when data were ag
gregated from the 100-sq.m to the 200-sq.m cell resolution was
also noted.

Detailed soils maps were manually encoded by visually se
lecting the dominant soil based upon areal extent within a cell
and the soil type occurring at the midpoint within each cell,
and then entering the information into a computer file using a
graphic digitizer (Nichols, 1975). This process often introduces
error by reducing the spatial detail and number of soil mapping
units and changing the configuration of soil unit boundaries
from the original map.

A 1:20,000-scale county soil survey sheet of the study area
was photographically reduced to a scale of 1:24,000 (the scale
of the topographic base map). Soils information, recorded for
the 35 field points, included soil-type at each sample point for
the 2.5-acre (100 sq.m) and the 10.0-acre (200 sq.m) area plotted
by both the cell midpoint and cell dominant area methods. These
were plotted as individual thematic overlays. Data aggregation
was accomplished through a data resampling scheme in which
a cell size of user specification is passed through the original
data, yielding a derived data set of the desired spatial resolu
tion.

Section 2Section 3

Section 10 Section 11 INHERENT ERROR ASSESSMENT

FIG. 2. Landsat derived land-cover map, 2.5-acre (100-sq.m) cell reso
lution.

e=sample point

~ exposed soil
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l1li sparse woodland

• forest

• water

In order to assess the errors inherent in each of the thematic
data bases, a series of 11 accuracy evaluation matrices was pro
duced by comparing field data to the digital data sets of land
cover, terrain, and soils, respectively. Table 1 presents an ac
curacy matrix for land cover as derived from Landsat digital
data. Overall accuracy was calculated by dividing the sum of
the entries that form the major diagonal (number of correct
responses) by the number of samples taken (Table 2).

Accuracy decreased as spatial resolution became more coarse.
There was also a drop in accuracy when encoding map data by
grid cell midpoint. Out of a combined 175 sample points tested
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FIG. 3. Digital terrain derived slope-angle map, 2.5-acre (100-sq.m) cell
resolution.

FIG. 4. Digital terrain derived slope-aspect map, 10.0-acre (200-sq.m) cell
resolution.

20 of 35 sample points correctly assigned. Overall Accuracy: 57.1%

of the major problems with misclassification resulted from data
aggregation in which, for example, a point recorded in the field
as grassland, located adjacent to a large concentration of forest,
was categorized as forest because of the relatively coarse ~patial
resolution of the cells. Grid cells had to be included or excluded
in their entirety, because no spatial information existed bt the
sub-grid cell level (Crapper, 1984). Small irregular-shaped fea
tures can be more effectively portrayed through the vect6r en
coding approach, given certain resolution stipulations.

The low levels of accuracy found to be inherent in pr~ducts

created from the digital terrain data likely stem from gererali-

on all four thematic map overlays (land cover, soil-type, slope
aspect, and slope angle), 68 points (39 percent) were correctly
classified on the 2.5-acre (100-sq.m) resolution maps (cell mid
point and cell dominant area). By contrast, only 56 of 175 points
(32 percent) were correctly classified on the 1O.0-acre (200-sq.m)
resolution maps (cell midpoint and cell dominant area). This
drop in accuracy (7 percent) was attributed to a decrease in
spatial resolution of the encoded data. Comparison of cell dom
inant area and cell midpoint accuracies was performed only
with the soils data aggregated at both the 2.5-acre (100-sq.m)
and the 1O.0-acre (200-sq.m) spatial resolutions. Only 27 of 70
sample points (39 percent), representing the cell dominant area
method of data encoding, were correctly assigned. Only 22 of
70 points (29 percent) of the sample points were correctly as
signed through the cell midpoint method of data encoding. There
was an average drop in accuracy of 10 percent when using the
cell midpoint method of data capture.

Landsat land-cover maps proved to have less inherent error
than any of the other overlays, partly due to the digital nature
of the source document and the relative lack of landscape com
plexity within the study area. Slope-angle maps had the poorest
accuracies of any of the four thematic map overlays because of
the coarseness of the original source product. In all but one
case, smaller grid cell size (i.e., 2.5 acre) resulted in higher
accuracies of encoding when compared to larger grid cell sizes.
Accuracy increased an average of 7 percent when smaller grid
cells were used.

During field work, data were recorded at specific points. One

TABLE 1.

Exposed
Soil

Cropland
Range
Sparse

Wood
land
Forest
Water

LAND-COVER ACCURACY MATRIX; 2.5 ACRE (100m2) SPATIAL

RESOLUTION. [FIELDCHECKED LAND COVER] I
Sparse

Exposed Soil Cropland Range Woodland Forest Water

1 2

~ 2 3
3 5 1

4 ~

~
1
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TABLE 2. SUMMARY OF THEMATIC OVERLAY ACCURACIES. COMBINED ERRORS In GIS

Note: cd = cell dominant area; cm = cell midpoint area

zation of original surface data that results from the creation of
these data. Relatively small scale (1:250,000) topographic maps,
already generalized and therefore possessing considerable in
herent error, are further generalized by sampling and digitizing
points at 60-metre intervals. Additional inaccuracies result from
the aggregation of the terrain information into grid cells during
resampling of the data to fit user-specified spatial resolutions.

The SCS soil overlay had an accuracy of 60 percent as com
puted from the field sites and the encoded data from the soil
surveys. If soil inclusions are not treated as distinct soil map
ping units, the accuracy increases to 94 percent. Although in
clusions are acknowledged within the soil surveys, they are not
mapped because of their small areal extent relative to the scale
of the soil maps. The soil maps exclude soil inclusions as large
as four acres, constituting up to 20 percent of the total area of
any soil mapping unit. Sample points "placed" within these
non-mapped inclusions were, therefore, fairly common and
contributed greatly to the amount of error detected within these
soil overlay products.

@=TOT/ER

I_lu, H d

SI"19,"·19'·1

INHERENT
+

QPERAT IONAl
[RRORS

TOTAL
PRODUCT

ERROR

j

FIG. 5. GIS thematic overlays: best case combined error: Inherent error
(IN/ER), operational error (OP/ER), and total error (TOT/ER).

20 of 35 (57%)
15 of 35 (43%)
8 of 35 (23%)
6 of 35 (17%)

12 of 35 (35%)
14 of 35 (41%)
13 of 35 (37%)
9 of 35 (26%)

15 of 35 (43%)
12 of 35 (35%)

Number of Correct
Responses (%)Thematic Overlay

Land Cover (2.5 ac)
Land Cover (10.0 ac)
Slope angle (2.5 ac)
Slope angle (10.0 ac)
Slope aspect (2.5 ac)
Slope aspect (10.0 ac)
Soil-type (2.5 ac, cm)
Soil-type (10.0 ac, cm)
Soil-type (2.5 ac, cd)
Soil-type (10.0 ac, cd)

OPERATIONAL ERROR ASSESSMENT

Operational errors may be categorized as positional errors
and identification errors (Newcomer and Szajgin, 1984). Posi
tional errors stem from inaccuracies in the horizontal placement
of boundaries. Identification errors occur when there is misla
beling of areas on thematic maps. Additional possible sources
of operational errors include human error in digitizing, cate
gorizing (classification) and delineating data (boundaries), GIS
algorithm inaccuracies, and human bias.

Newcomer and Szajgin (1984) found that, as the number of
layers in an analysis increases, the number of possible oppor
tunities for error increases. In order for a correct assignment to
result in any particular grid cell on a GIS product, every verti
cally aligned cell in each data layer used in the GIS must also
be correctly assigned (Figure 5). Any other combination of as
signments in the data stack of thematic overlays will result in
an incorrect assignment in that cell (Figure 6). Therefore, the
highest accuracy possible in any GIS product can never be better
than the accuracy of the least accurate individual map layer.
The worst case could occur when mislabeled cells are found at
different locations throughout all data layers (Figure 6) (New
comer and Szajgin, 1984).

Various combinations of two and three layers were used to
determine the amount of identification-type operational error
which might be present in output products. Both 100-sq.m and
200-sq.m resolution data for the land-cover, terrain, and soils
layer were analyzed. Output product accuracies were deter
mined by counting sample points which were correctly labeled
throughout each of the data layers analyzed. Theoretical upper
and lower accuracy limits were computed for each GIS product
according to the technique proposed by Newcomer and Szajgin
(1984). The upper and lower accuracy limits of a composite map
indicate the range of accuracy probabilities when analyzing two

COMBINED ERRORS In GIS

INHERENT
+

OPE RAT IONAl

ERRORS

I
TOTAL

PRODUCT
ERROR

@=TOT/ER

hll., III , one!

Sr.ig,n, 19U1

FIG. 6. GIS thematic overlays: worst case combined error: Inherent error
(IN/ER), operational error (OP/ER), and total error (TOT/ER).
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or more thematic overlays, given the accuracies of the source
data utilized for data encoding. The lower limit is calculated as

where n = the number of layers used in the GIS; i = data layers
1, 2, 3, .. .n; and Pr (E) = the probability of error in a data
layer. The upper limit is calculated as the maximum Pr (Ei), or
the percent accuracy of the least accurate input or output map
used in the analysis.

The most accurate output product possible, using the the
matic data bases prepared for this study, was a two-layer map
created by compositing the 2.5-acre (100-sq.m) spatial resolution
land-cover map and the 2.5-acre (100-sq.m) cell dominate soil
type map. Only 10 of the 35 sample points on the 2.5-acre (100
sq.m) resolution output maps had both land cover and soils
correctly labeled (combined accuracy of 29 percent). Upper and
lower limits to accuracy were calculated as 41 percent and 3
percent, respectively (Table 3). The least accurate output map
was a three-layer product derived from a combination of the
2.5-acre (100-sq.m) resolution map of land cover, slope aspect,
and soil type (cell dominant method). In this instance, only 4
of 35 sample points (11 percent) were correctly classified through
all three map overlays (Table 4). A 35 percent upper limit and
opercent lower limit were calculated. Only one combination of
a four-layer scheme resulted in a product having an accuracy
above 0 percent.

Operational error reduces the accuracy of a GIS output from
its theoretical best. A two-layer composite of 2.5-acre (100-sq.m)
resolution land-cover map and 2.5-acre (100-sq.m) cell domi
nant soil type yielded a 13 percent increase in error as compared
to the least accurate overlay in this analysis (soil overlay). An
operational error of 13 percent degraded the map composite to
the level of total error indicted. A three-layer data set comprised

TABLE 4. COMBINED ERROR ANALYSIS: THREE THEMATIC MAP LAYERS.

TABLE 5. ANALYSIS OF OPERATIONAL ERROR: Two AND THREE

THEMATIC MAP LAYERS. OPERATIONAL ERROR = THEORETICAL UPPER

LIMIT ACCURACY - ACTUAL COMPOSITE ACCURACY.

21.0%

12.6%

15.3%

18.2%

12.4%

32.41,
(11/34)

Theoretjical
Upper Uimit

35.3% accuracy
(12/34)

Operational Error

Operational I;:rror

5.7%
(2/35)

11.4% accuracy
(4/35)

Actual Composite
Map Accuracy

Theoretical
Lower Limit

0.0%
(0/35)

0.0% accuracy
(0/35)

3-Layer
Products

3-Layer Products

2-Layer Products

1. 2.5 acre
(100 m')
Land Cover,
Slope
Aspect,
and Cell
Dominant
Soils

2. 10.0 acre
(200 m2)

Land Cover,
Slope
Aspect,
and Cell
Dominant
Soils

1. 2.5-acre (IOO-m') Land Cover and Cell Domi
nant Soils

2. 10.0-acre (200-m2
) Land Cover and Cell Dom

inant Soils
3. 2.5-acre (IOO-m') Cell Dominant Soils and

Slope Aspect
4. 1O.0-acre (200-m') Cell Dominant Soils and

Slope Aspect
5. 2.5-acre (100-m2

) Land Cover and Slope As
pect

(1)
n

1 - L Pr (Ei),
i-I

TABLE 3. COMBINED ERROR ANALYSIS: Two THEMATIC MAP LAYERS.

2-Layer
Products

Theoretical
Lower Limit

Actual Composite
Map Accuracy

Theoretical
Upper Limit

1. 2.5-acre (100-m2) Land Cover, Slope Aspect,
and Cell Dominant Soils

2. 1O.0-acre (200-m2 ) Land Cover, Slope Aspect,
and Cell Dominant Soils

23.9%

26.7%

1. 2.5-acre
(100-m')
Land Cover
and Cell
Dominant
Soils

2. 10.0-acre
(200-m')
Land Cover
and Cell
Dominant
Soils

3. 2.5-acre
(100-m2

)

Cell
Dominant
Soils and
Slope
Aspect

4. 1O.0-acre
(200-m2

)

Cell
Dominant
Soils and
Slope
Aspect

5. 2.5-acre
(100-m2)

Land Cover
and Slope
Aspect

2.9% accuracy
(1/35)

0.0%
(0/35)

0.0%
(0/35)

0.0%
(0/35)

0.0%
(0/35)

28.6% accuracy
(10/35)

17.1%
(6/35)

17.1%
(6/35)

11.4%
(4/35)

22.9%
(8/35)

41.2% accuracy
(14/34)

32.4%
(11/34)

35.3%
(12/34)

32.4%
(11/34)

35.3%
(12/34)

of the 2.5-acre (100-sq.m) resolution land cover, slope aspect,
and cell dominant soil-type information resulted in an opera
tional error of 24 percent (Table 5). As Newcomer and Szajgin
(1984) suggest, error increases rapidly as the number of layers
used to produce the composite map increases.

CONCLUSIONS

By recognIzmg inherent errors within the input (source)
products and the operational error created by combinations of
input data, total error may be minimized. GIS output products
will contain errors. Such products are properly used to make
general assumptions about spatial patterns and trends rather
than for Site-specific applications. This will contribute to fewer
user errors and, therefore, better decisions. Burrough (1986, p.
132) states that "Current practices of thematic mapping tend to
hide natural variation behind a smokescreen of smoothly drawn
lines and homogeneously presented mapping units." To lessen
the frequency and reduce the impact of such practicesJ land
managers and computer specialists must become more critical
of the data bases assembled for inclusion into a GIS. Quebtions
need to be asked regarding the methods of data encoding, va
lidity of the source products, accuracy standards employed dur
ing the generation of the source document, and types and
magnitudes of operationally-induced error.

GIS users also need to apply the assembled data to appropri
ate applications. For some uses, additional data sets may have
to be generated and encoded into the GIS, while other appli-
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cations may require different data structures, changes in the
spatial and temporal resolutions of the encoded data, and more
sophisticated analytical procedures. Through project planning
and an awareness of possible problems that can be encountered
during the GIS process, the land manager can obtain the quality
products capable within the GIS approach.

Reliability diagrams can be employed in map legends to pro
vide guidance regarding accuracy of analog representations of
spatial data. Chrisman (1984) has suggested that the accuracy
of digital data might be indexed by developing a reliability over
lay that is registered to each thematic data base and integrated
into the data structure, thereby indicating locations on the over
lay where the user can apply the data with the greatest confi
dence. Also, one layer of attribute data might be used to verify
another thematic overlay through logical collaboration of land
scape characteristics. For example, lake surfaces should not oc
cur in areas showing irregular topography within a digital terrain
file. Control points can be employed to establish a probability
of error that may occur within the thematic overlay. Figure 7
shows a hypothetical surface representing a thematic overlay.
Six control points serve as the basis for assessing the accuracy
of spatial location and attribute characteristics of the thematic
overlay. Isolines summarize the probability of error in a linear
mode outward from the control points. As distance from the
control points increases, the level of uncertainty as to data qual
ity also increases.

Additional research in inherent and operational error assess
ment is warranted. Research in methods for cartographic dis
play of errors, and the setting of statistical confidence limits of
data bases, are particularly required. In addition, research should
be continued on resampling algorithms that permit the most
effective translation of data through aggregation levels. Tradi
tional transformation algorithms (vector to raster, and raster to
vector) need to be evaluated regarding their speed and accu
racy, and improvements need to be made where appropriate.
Finally, universities, professional organizations, and private en
tities must be involved in the basic education and continued
training of GIS users and computer specialists. Information re
garding basic cartographic principles and spatial concepts needs
to be presented as part of GIS training in order to facilitate the
appropriate use of geographic information systems and the quality
of data incorporated in a GIS.
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