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Effects of Interpretation 
Techniques on Land-Use 
Mapping Accuracy 

The method of cell mapping and the cell size employed will 
have an effect upon the accuracy and validity of the derived 
land-use information. 

I NVENTORYING A N D  MONITORING land-use 
change are generally considered basic to 

almost any resource management, planning, 
or  land-related program-be it rural or  
urban, local or national in scope. Society's 
growing awareness of a changing environ- 
ment and its consequences has generated a 
need to know what activities are present on 
the land and where and how quickly shifts in 
activity occur. To meet this demand for cur- 
rent accurate data, remote sensing systems 

sion unit and coordinate them with UTM or 
other similar map grids. While a degree of 
accuracy is sacrificed by recording data in 
artificial segments, the process of change 
notation and updating is more expedient and 
facile. The result is a relatively efficient data 
base from which land-use information can be 
derived, stored, and integrated into auto- 
mated or semi-automated geographic infor- 
mation systems. 

I t  is readily apparent that the particular 

ABSTRACT: Three study areas i n  the southern United States were 
employed to examine effects of selected interpretation techniques on  
land-use mapping accuracy. Using the uscs hierarchial classification 
system (Geological Survey Professional Paper 964), nine different 
interpretation methods based on  a grid cell matrix were used to  
determine which methods were most accurate and were used to pin- 
point variations. Best results were not  always obtained wi th  the 
smallest grid cell; interpretation techniques less complex t han  
stratified systematic unaligned sampling of ten produced more accu- 
rate data. It was also discovered that grid placenzent may not be a 
random decision. The  opt imum interpretation technique was found 
to vary among sites and category but  not in  a consistent manner. 

are being employed with increasing fre- 
quency as a mapping base. 

Fundamental to inventorying land-use ac- 
tivity is the selection of a mapping unit. Ob- 
viously, in determining the area devoted to 
each type of land use, the  most precise 
method is to measure each parcel, but this 
procedure is also the most arduous, expen- 
sive, time-consuming, and difficult to up- 
date. As an alternative, many inventory pro- 
grams employ cells or polygons as the deci- 

method of cell mapping selected and the cell 
size utilized will have some effect on the va- 
lidity and accuracy of the results. Various 
authors have recognized this relationship 
and attempted to provide guidelines for 
users and practitioners. Hord and Brooner 
(1976) described sampling strategies that 
could be used to assess the accuracy of clas- 
sification, boundary line placement, and 
control point location. The effect of resolu- 
tion on land-use mapping accuracy has been 
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examined by Simonett and Coiner (1971). 
Using 106 study areas representative of the 
diverse environments found in the United 
States and overseas, they compared the  
number of land uses present in various size 
cells in order to determine the effectiveness 
of Landsat and other similar satellite sys- 
tems. As might be  expected, the authors 
found that the level of land-use complexity 
varied considerably. Wiedel and Kleckner 
(1974) have assembled a guide for land-use 
mapping via remote sensing, including pro- 
cedures for recording area measurements, 
field checking, sampling strategies, and ta- 
bles depicting the relationship of map scale 
to polygon area and sizes. Whereas these 
analyses and similar efforts have provided 
valuable insight to land-use mapping design 
and application, a related and equally crit- 
ical problem has received little attention. 
Assuming that it is often impractical to de- 
termine land use on a parcel by parcel basis 
and that cells provide a viable alternative 
method, the question then arises as to what 
effect the size of the cell, the placement of 
the cell grid over the study area, and the in- 
terpretation strategy employed to classify 
land use within that cell will have on map 
accuracy. 

In the majority of instances, imagery of the 
desired type and scale is obtained for the 
study area, appropriate land-use categories 
are designated, and a grid of certain cell size 
or dot density is specified. The size of cell 
selected is normally a function of the level of 
detail and interpretation time required, but 
ostensibly the principle is that the smaller 
the decision unit the more accurate will be 
the results. After selecting a cell size, the 
grid is placed over the imagery and land use 
is tabulated, most frequently by identifying 
the dominant land use in each cell or by 
employing dots in systematic aligned or 
strat if ied systematic unal igned format.  
Again, it is assumed that the more complex 
technique will produce the more accurate 
data. However, to date no work has specifi- 
cally addressed the fidelity of land-use in- 
terpretation as a function of these decisions. 
This study is an initial investigation of the 
role and ramifications of these processes for 
land-use mapping efforts. Specifically, the 
following parameters are considered in re- 
gard to accuracy of land-use determination: 

the effect of grid placement or orientation, 
the effect of cell size, and 
the effect of method used to assign land 
use for each cell. 

FIG. 1. Location of study areas. 

The decision was made to examine the 
variation in land-use interpretation accuracy 
within more or less homogeneous proximate 
areas. Three study areas in the southern 
United States were selected for analysis- 
two in southern Mississippi and the third in 
southern Louisiana (Figure 1). Because the 
study areas are located in the same general 
geographic area, extreme variations in to- 
pography and land use are lacking. T h e  
land-use types and  patterns are similar 
among the three areas, being predominantly 
cropland and pasture with forest land and 
small urban areas common. 

However, on an individual basis, not un- 
characteristic of intra-region modulation, 
somewhat more distinct patterns do emerge. 
Study Area I (Picayune), located in the Gulf 
Coast lowland, contains the largest percent 
of forest and urban land uses and the lowest 
percent of land devoted to agricultural crops 
and pasture. The land-use pattern is the most 
complex and fragmented of the three areas 
(Figure 2a). Study Area I1 (Maringouin) is 
Mississippi Valley lowland and shares an 
absence of relief with Study Area I. I t  con- 
tains the greatest concentration of land de- 
voted to crops and pasture activity and the 
least diversity (Figure 2b). The third study 
area (St. Elmo)* is Mississippi Valley upland 
and also is characterized by an absence of 
relief although at a slightly higher elevation. 
The most rural of the three study areas, St. 
Elmo's has a rather fragmented land-use 
pattern (Figure 2c). In the following para- 
graphs the ability to accurately inventory 
this land cover by selected interpretation 
strategies is discussed. 

A nine inch by nine inch frame of color 
infrared imagery at a scale of 1:30,000 was 

* St. Elmo is a small town near Port Gibson, 
Mississippi. 
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(a) 

selected for each study area. Land use was  
de l inea ted  a n d  recorded b y  parcel on  a n  
acetate overlay a t  Level  I1 detail  according 
to Anderson et al.  (1976). Thir teen Level  I1 
land-use  ca tegor ies  a n d  w a t e r  w e r e  d e -  
lineated: 

+Water 
11-Residential 
12-Commercial and Services 
13-Industrial 
14-Transportation, Carnmunications, and 

Utilities 
l&Mixed Urban or Built-up Land 
l 7 4 t h e r  Urban or Built-up Land 
21-Cropland and Pasture 

FIG. 2. (a) Picayune, Mississippi (Study Area 1); 
(b) Maringouin, Louisiana (Study Area 2); (c) St. 
Elmo, Mississippi (Study Area 3). Note: Numbers 
refer to uscs Level I1 land-use categories listed in 
methodology section. 

22-Orchards, Groves, Vineyards, Nurse- 
ries, and Ornamental Horticultural 
Areas 

32-Shrub and Brush Rangeland 
42-Evergreen Forest Land 
61-Forested Wetland 
75--Strip Mines, Quarries, and Gravel Pits 
7&Transitional Areas 

(NOTE: The numbers are used to designate 
land use types in Figure 2 and Ta- 
bles I1 and IV.) 

T h e  area devoted to each category within t h e  
respect ive s tudy  s i tes  was calculated b y  
planimeter and  served as ground truth. Grid 
overlays with cell sizes if 2.5, 5,  7.5, and  1 0  
hectares  were  produced  for t h e  mapping  
process. Placing the  grids randomly over  t h e  
parcel maps of each study area the  land use 
was recorded by  t h e  following methods: 

(1) Using the five hectare grid, the dominant 
land use in each cell was tabulated. With- 
out moving the grid, the land use was then 
retabulated using: (a) a systematic aligned 
method (center dot within each cell rep- 
resenting land use of cell) and (b)  a 
stratified systematic unaligned procedure 
using a 5 x 5 coordinate system for each 
cell (after Berry and Baker, 1968). By not 
moving the cell, possible vatiation owing 
to grid placement was eliminated. 

(2) The five hectare grid was then shifted one 
half cell to the left and the dominant land 
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use for each cell noted. Returning the grid 
to its original position (noted by registra- 
tion marks), it was then shifted one half 
cell up and the dominant land use by cell 
noted. Following this interpretation, the 
five hectare grid was rotated 45 degrees 
from the original position and, again, the 
dominant land use registered. 

(3) Grids of 2.5,7.5, and 10 hectare size were 
placed over each of the three parcel maps 
and the dominant land use by cell re- 
corded. 

In each instance the Level I1 land use was 
recorded by cell and by category for each of 
the three study sites, generating the follow- 
ing nine products per site: 

5 hectare cell-dominant land use (the 
original position)-DLU 
5 hectare cell-systematic aligned 
sampling-SAS 
5 hectare cell-stratified systematic un- 
aligned sampling-ssus 
5 hectare cell-grid shifted one half cell to 
the left of original position and dominant 
land use recorded 
5 hectare cell-grid shifted one half cell up 
from original position and dominant land 
use recorded 
5 hectare cell-grid shifted forty-five de- 
grees to left of original position and domi- 
nant land use recorded 
2.5 hectare cell-dominant land use re- 
corded at original position 
7.5 hectare cell-dominant land use re- 
corded at original position 
10 hectare cell-dominant land use re- 
corded at original position 

The first comparison tests the hypothesis 
that the ssus method should ~ i e l d  the most 
accurate results followed in order by the s ~ s  
and DLU techniques. Technically, the ssus 
and SAS methods measure point data while 
the  DLU is an  areal sample. In  practice, 
foresters, planners, and others use data sam- 
pled at points to represent a specific area of 
data (e.g., one dot equals 40 acres) (Wiedel 
and Kleckner, 1974). I t  is frequently as- 
sumed that  the  stratified systematic un- 
aligned sampling technique (ssus) is the 
most accurate because it minimizes the ef- 
fect of bias introduced with regular dot 
placement. With the SAS method spatially 
small andlor infrequent land-use activities as 
well as periodicities in the data are, theoreti- 
cally, more likely to b e  under-  or over- 
estimated. A similar rationale is present in 
comparing the advantages of a systematic 
aligned (checkerboard) sample of dots ( s ~ s )  
over inventorying activity by the dominant 
land use (DLU) within a cell. 

The  second comparison tests the hypothe- 
sis that orientation and placement of the grid 

over a study area is a random process and 
will have no bearing on interpretation accu- 
racy. By changing the orientation of the grid, 
the effect on accuracy of cells not aligned 
parallel to field borders (i.e., North-South, 
East-West) is examined. By shifting the grid 
position but retaining a cell orientation par- 
allel to &Id borders (i.e., to the left and up, 
respectively) the assumption of randomness 
in grid placement is also considered. 

In  the third approach land use was inter- 
preted using cells of 2.5, 5, 7.5, and 10 hec- 
tares in size, the assumption being that the 
smallest  cel l  would generate data most  
nearly similar to ground truth. As the cell 
size increased, a bias towards land use oc- 
cupying the greatest portion of the study 
area and towards those activities found in 
the largest contiguous groupings should be 
expected. 

Two procedures were employed to exam- 
ine the effects of the nine grid techniques on 
land-use mapping accuracy. The  Mean Ab- 
solute Per Cent Error (MAPCE) was calculated 
for each land-use category by interpretation 
method for each study area using the formula 

la - b l  
MAPCE = - x lop  

A 
where 

a = hectares of land use for category x 
as determined by parcel calcula- 
tions; 

b = hectares estimated (interpreted) for 
category x by method y; and 

A = total hec tares  in s tudy area  as 
counted by parcel data. 

For each study area, category, and technique 
the condition of over- or under-estimation of 
land-use area was also tabulated. 

A necessary second step was to test for the 
relative magnitude in the observed differ- 
ences among the interpretation strategies. 
To this end a series of chi-square statistics 
was computed. The  limitations of employing 
such analysis with continuous data are rec- 
ognized. On the other hand, normality and 
homoscedasticity of the data could not be  as- 
sumed, thus calling for a non-parametric 
measure. While it would be  inappropriate to 
apply any rigorous interpretation of t he  
statistical significance of the results, chi- 
square does provide an attractive intuitive 
measure of the extent of differences in the 
interpretation techniques. Consequently, 
chi-square tests of the following data were 
completed for each of the three test sites: 
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Cell orientation and placement (dominant 
land use with 5 hectare grid: original posi- 
tion, one half cell left, one half cell up, 
forty-five degree angle shift); 
Cell size variation (dominant land use in 
2.5, 5, 7.5, and 10 hectare cells); 
ssus, SAS, and DLU techniques (5 hectare 
cells j; 
All techniques using a 5 hectare cell (DLU, 
s ~ s ,  ssus, one half cell left, one half cell up, 
and a forty-five degree angle shift); and 
All nine techniques for each category to 
discern if some land-use types were more 
variable than others, thus skewing the en- 
tire data set. 

Because the Picayune site contained the 
broadest range of land-use activities, shapes, 
and sizes of the three study areas (see Figure 
2), it might b e  expected to produce the  
greatest range in land-use estimates with the 
most precise technique (ssus) requisite for 
accuracy. This was not the case. The  study 
area of intermediate land-use complexity (St. 
Elmo) presented far more problems regard- 
ing estimation consistency. Table 1 contains 
a summary of the results of this analysis. Al- 
though the overall range of percent error is 
small, it is readily apparent that no single 
technique is consistently the most accurate. 

TABLE 1. MEAN ABSOLUTE PEKCEN.I ERROR 

Study Area 

Method Picayune Maringouin St. Elmo 

SAS 
5h. grid 
ssus 
5h. grid 
DLU 
5h. grid 
DLU 
Y2 left 
5h. grid 
DLU 
Y2 up 
5h. grid 
DLU 
45" 
5h. grid 
DLU 
2.5h. grid 
DLU 
7.5h. grid 8.48 6.13 12.89 
DLU 
10h. grid 11.04 8.96 16.04 
Range of 
Error 4.36 2.54 9.96 

For the Picayune study site, the most ac- 
curate results (6.68 percent error) were ob- 
tained when the 5 hectare grid was shifted 
one half cell to the left of its original position 
and dominant land use recorded while the 
dominant land-use 10 hectare grid proved to 
be  the least accurate. The Maringouin site 
contained the fewest land-use categories 
(seven) and was the least co~nplex of the 
three areas. It also had the smallest range of 
error (2.54 percent). The    no st exact land-use 
figures for Maringouin were generated by 
recording the dominant land use in 7.5 hec- 
tare cells (6.13 percent error), but five other 
techniques were within one half percent of 
this figure (see Table  1). In  this almost 
monoland-use environment the interpreta- 
tion technique a p p a r e ~ l t l ~  made little differ- 
ence in accuracy. The greatest range in re- 
sults (9.96 percent) occurred at St. Elmo, but 
the ssus procedure also produced the most 
precise data (6.08 percent error). Since this 
site is less complex (see Figure 2) and con- 
tains fewer land-use categories (nine versus 
thirteen) than the Picayune site, one might 
expect closer agreement among the nine in- 
terpretation techniques. At present no ex- 
p l a n a t i o n  c a n  b e  a d v a n c e d  f o r  t h i s  
phenomena. 

To discover if any land-use categories 
were repeatedly over- or under-estimated by 
a given interpretation technique or for more 
than one  s tudy area ,  Tab le  2 was con- 
structed. A detailed comparison of these data 
with Figures 2a, b, and c is intriguing but 
perhaps tedious. For brevity, it is believed a 
few general co~nments will suffice. Urban 
land-use categories tended to be  overesti- 
mated if contiguous andlor non-linear in 
shape and underestimated if fragmented, 
small in size, and/or linear in shape. 

A lack of consistency and more complex 
pattern emerged when the agriculture and 
forest cover types were examined. Cropland 
and Pasture (21) was always overestimated at 
St. Elmo but underestimated at the other two 
sites except when 2.5, 7.5, and 10 hectare 
DLU cells were employed. No trend was ob- 
served for Shrub and Brush Rangeland (32) .  
The interpretation methods also produced 
mixed results for Evergreen Forests (42) ex- 
cept at St. Elmo where forest was always un- 
derest imated.  T h e  remaining categories 
were inconsistently estimated. While no 
precise explanation for these phenomena 
can be  offered at this time, the data do pre- 
sent a provocative enigma and suggest that 
further research is needed in regard to the 
prediction of land-use mapping accuracy. 

A clearer picture of trends and results of 
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TABLE 2. OVER- A N D  UNDER-ESTIMATION OF LAND USE BY CATEGORY A N D  METHOD AMONG STUDY AREAS 

Category 
Method 

Picayune 
5h. SAS - 

5h. SSUS 
5h. DLU 
5h. DLU ?h left 
5h. DLU Yz up 
5h. DLU 45" 
2.5h. DLU 
7.5h. DLU 
10h. DLU 
Maringouin 
5h. SAS 
5h. SSUS 
5h. DLU 
5h. DLU Yz left 
5h. DLU Yz up 
5h. DLU 45" 
2.5h. DLU 
7.5h. DLU 
10h. DLU 
St. Elmo 
5h. SAS 
5h. SSUS - NA NA - NA NA + - + - NA 
5h. DLU - NA NA - NA NA + - - - NA 
5h. DLU Yz left - NA NA - NA NA + - - - NA 
5h. DLU % up - NA NA - NA NA + + NA 
5h. DLU 45" - NA NA - NA NA + - - + NA 
2.5h. DLU t NA NA - NA NA + - + + NA 
7.5h. DLU - - N A N A + N A N A +  - - - - + NA 
10h. DLU + - N A N A  - N A N A  + - - - - + NA 

+ = overest~mat~on of land tire category 
- = undere\ttmatlon of land u\e  category 
NA = not appl~rable, land o w  category ah\ent In \tudy area 

these analyses may be possible by referring 
to Figure 3. Note that no single interpreta- 
tion method is consistently superior, nor do 
the results entirely substantiate traditional 
or accepted guidelines. The smallest grid 
(2.5 hectares) never produced the best re- 
sults while the most sophisticated technique 
(ssus) did so only once. Both of these in- 
terpretation methods did come close to 
being the most accurate and the percent 
differences were small, but the fact remains 
that consistency was absent. However, there 
does seem to be some association between 
grid unit size and accuracy for the cells. Note 
that the 10 hectare cell is always the least 
accurate and the 7.5 hectare cell is the next 
most frequently subject to the greatest esti- 
mation error. Intriguing as such comparisons 
may be, the more critical parameter involves 
determining if these differences are signifi- 
cant or merely fall into the realm of random 
chance occurrence. 

CHI-SQUARE ANALYSIS 

To test for the relative magnitude of the 
observed differences in the data, chi-square 

statistics for k independent samples were 
computed. The rationale and acknowledged 
limitations of this procedure have already 
been discussed. Rather than calculate the 
chi-square value of all nine interpretations 
for each test site, common methods were 
grouped into subsets for more equitable 
comparisons of techniques. Calculations 
were made from matrices indicating hectares 
devoted to each land-use category according 
to a given interpretation technique. The null 
hypothesis, H,, was that the interpretation 
methods do not differ in the frequency with 
which the various land-use types are as- 
signed. The rejection level for H ,  was set at a 
= 0.05. 

The first test explored the effect of cell 
size on mapping accuracy. It is generally as- 
sumed that the smaller the grid cells used 
the more accurate the land-use data will be. 
That is, the smallest cell will be  most similar 
to measurements made using parcels or ac- 
tual boundaries. Previous calculation of 
MAPCE indicated fluctuation in accuracy 
levels did occur. To further explore this ob- 
servation, chi-square analysis of dominant 
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ST ELMO, MISSISSIPPI 

MARINGOUIN. LOUISIANA 

METHOD 

FIG. 3. Range of error by method among study 
areas. 

land use recorded by 2.5, 5, 7.5, and 10 hec- 
tare cells for each of the three study areas 
was performed (Table 3). The null hypothe- 
sis was rejected. In fact for St. Elmo and 
Picayune the probability that the differences 
were due to change IS <0.001. 

A second analysis investigated the effect 
of cell orientation and placement on land- 
use accuracy. Column two of Table 3 shows 
the results of these interpretations. In two of 
the study areas, Maringouin and Picayune, 
shifting the grid produced significantly dif- 
ferent results. At St. Elmo, however, the 
level of significance is much lower and the 
null hypothesis must be accepted. Although 
Picayune and St. Elmo have similar land-use 
patterns or divisions (Figure 2), the latter 
area has fewer types of land use. Initially, 
this suggests that fewer number of land-use 
categories may afford less chance of error- 
until one notices the highly significant dif- 
ference recorded at blaringouin. Maringouin 
has the least conlplex landscape, and one 
would not expect that simply moving a grid 
would have such a striking effect. In opera- 

tional situations manually moving the grid 
over each study area to determine the ideal 
orientation may prove impractical. I t  is 
suggested, however, that useful guidelines 
might be efficiently produced if the effects 
of such changes could be modeled. 

T h r e e  in terpre ta t ion  strategies were  
employed to explore the role of interpreta- 
tion technique. Each study area was inter- 
preted three times using a 5 hectare cell grid 
and the following methods: (1) dominant 
land use (DLU), (2) systematic aligned sam- 
pling ( s ~ s ) ,  and (3) stratified systematic un- 
aligned sampling (ssus). By referring to col- 
umn three of Table 3 it can be seen that the 
observed differences were significant in two 
cases (Picayune and St. Elmo). The question 
arises as to why the data should be  signifi- 
cantly different for Maringouin when the 5 
hectare cell is moved (column 2 of Table 3) 
but not prove to be significant when the 
technique (SAS, SSUS, DLU) is modified. St. 
Elmo exhibits a similar pattern but in the 
reverse. Earlier, it was noted that the DLU 

method at St. Elmo was the most error prone 
of the three techniques (9.08 percent), but 
produced the least error (8.14 percent) at 
Picayune (Table 1). In short, it seems that 
the  technique responsible for significant 
difference in error is DLU, but it may be more 
or less accurate than the SAS and ssus tech- 
niques, depending on the environment. For 
example, the  linear nature of certain St. 
Elmo categories undoubtedly has some in- 
fluence. For the present, no inferences are 
attempted aside from acknowledging the 
hegemony of environmental modulation on 
mapping accuracy. 

To discover if any specific categories or 
types of land use were more difficult to 
interpret accurately, chi-square statistics 
were computed for each land-use category in 
each of the three study areas. Again, the null 
hypothesis was that there was no difference 
in the nine techniques used. Although the 
rejection level for H ,  was set at a = 0.05, the 
exact levels were calculated for comparative 

Methods 
Com~ared 

Cell Size 
2.5h. DLU cell 
5h. DLU cell 

.5h. DLU cell 
10h. DLU cell 

Cell Orientation 
5h.-DLU cell 
5 h . 4  cell left 
5 h . 4  cell up 

5h.-45" rotation 

Interpretation Method 
5h. cell DLU 
5h. cell SAS 

5h. cell SSUS 

Study Area 
Picayune 0.001 0.005 0.001 
Maringouin 0.05 0.001 0.90 
St. Elmo 0.001 0.20 0.05 

NLLII Hypothe\)\ No dlllerence .tmong  neth hod\ 
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purposes. As can be seen in Table 4, the re- 
sults of these tests, being almost capricious 
in nature, certainly reflect local environ- 
mental conditions. At Picayune, the null hy- 
pothesis was accepted for four land-use ac- 
tivities. Industrial (13); (17) Other Urban or 
Built-up Land; (22) Orchards, Groves, Vine- 
yards, Nurseries, etc.; and (61) Forested 
Wetland were equally susceptible to all in- 
terpretation strategies. There was no signifi- 
cant difference in two of the six categories 
eligible for analysis at Maringouin: (11) 
Residential and (76) Transitional Areas. At 
St. Elmo there was no significant difference 
among techniques  for four of t h e  n ine  
categories: (5) Water; (14) Transportation, 
Communications, and Utilities; (32) Shrub 
and Brush Rangeland; and (75) Strip Mines, 
Quarries, and Gravel Pits. 

A characteristic shared by all the above 
mentioned categories is that they occupy 
small percentages of the respective study 
areas and are present in small parcel units. 
However, note that the same land-use cate- 
gory in a different study area, as well as other 
categories with similar areallpattern charac- 
teristics, were found to be significantly dif- 
ferent. This is apparent by studying the rows 
in Table 4. Note the variation among study 
areas in (11) Residential Land; (14) Trans- 
portation, Communication, and Utilities; 
and (32) Shrub and Brush. The dichotomy is 
similar but reversed, however, when (61) 
F o r e s t e d  Wet l and  a n d  (22)  Orchards ,  
Groves, Vineyards, Nurseries, etc., are com- 
pared. The interpretation technique used to 
interpret land use was found to be consis- 
tent ly  significantly d i f ferent  for t h r e e  

Study Area 
Category Picayune Maringouin St. Elmo 

5 0.001 No Data 0.10 
11 0.01 0.30 0.001 
12 0.001 0.05 No Data 
13 0.80 No Data No Data 
14 0.001 No Data 0.30 
16 0.01 No Data No Data 
17 0.30 No Data No Data 
2 1 0.001 0.001 0.001 
22 0.20 0.05 0.01 
32 0.001 No Data 0.20 
42 0.001 0.001 0.01 
61 0.70 No Data 0.02 
75 No Data No Data 0.95 
76 No Data 0.30 No Data 

Null Hypothem No d~fference among methods 

categories: Commercial and Services (12), 
Cropland and Pasture (21), and Evergreen 
Forest (42). Yet, only the latter two activities 
occupied extensive portions of the three 
study sites. 

Why some categories should be  more 
subject to variations in the interpretation 
technique employed than others is not  
known. The areal extent and configuration of 
an activity undeniabley contribute to the  
phenomena, but the relationship is impre- 
cise. Extensive contiguous land-use prac- 
tices were found to be particularly suscepti- 
b l e  to changes  in  interpretation meth-  
odology, bu t  the  remaining fragmented 
land-use segments exhibited inconsistent 
results. Since these latter categories did 
comprise a statistically small data base and 
some were extant in only one or two of the 
study sites, a definitive verdict is not war- 
ranted. Should additional areas be inter- 
preted where these categories were more 
f requent  in  occurrence and  occupied a 
greater percentage of the study area, the re- 
lationship might be found to more closely 
simulate that of the Cropland and Pasture 
category. Certainly the data presented here 
call for additional empirical evidence and 
research into the problem. 

Three study areas in the southern United 
States were employed to examine effects of 
selected interpretation techniques on land- 
use mapping accuracy. Land use was re- 
corded by parcel using a hierarchial classifi- 
cation system. These parcel maps served as 
ground truth. Nine different methods based - 
on a grid cell matrix were then used to remap 
each area. Mean absolute percent errors 
(MAPCE) were calculated to determine which 
methods were most accurate and to pinpoint 
variations. To  test for the  relative mag- 
nitudes of the observed differences, chi- 
square statistics were computed and the data 
were compared and analyzed. 

Given the nature of the data, no rigorous 
application of chi-square statistics could be 
completed, but it can be said that the differ- 
ences in error noted in the MAPCE analysis 
were given support. Specifically: (1) the 
smallest cell size did not consistently gener- 
ate the most exact data, (2) a more accurate 
estimation of the actual area devoted to land 
uses was possible at times by employing a 
less precise technique than stratified sys- 
tematic unaligned sampling, (3) the best 
technique varied as a function of the land- 
use category but not in a predictable man- 
ner, (4) grid placement and orientation may 
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not be a random decision because the sub- 
sequent land-use area classifications incor- 
porating such changes proved to be signifi- 
cantly different, and ( 5 )  the best land-use 
interpretation technique for a land-use cate- 
gory varied between study sites but not in all 
cases. In only one study area (Picayune) was 
there a consistent significant difference in 
all interpretation technique comparisons. In 
this regard it should be noted that Picayune 
was also the most diverse environment and 
contained the greatest number of land-use 
types and most intricate land-use patterns. 

Several questions and observations come 
to mind as a result of this study. Among the 
more immediately apparent is the almost 
omnipotent role of the environment. Varia- 
tion could be expected if one were to com- 
pare strikingly diverse areas such as wheat 
and grain farming versus irrigated agricul- 
ture or a tobacco and cotton economy. In this 
study, however, significant variations in ac- 
curacy were noted using only three sites 
within one such general region. Admittedly 
important from a pure research viewpoint, a 
question also arises from these data in regard 
to application. Are these observed differ- 
ences deemed critical to practitioners and 
users of land-use data, or are the discrepan- 
cies within some vague and imprecise but 
acceptable level  of accuracy? Concomi- 
tantly, can a model possibly be created or a 
pattern discerned whereby the exact form 
and type of variation can be predicted for a 
given environment? If so, would the costs be 
commensurate with anticipated benefits? 
Answers to these questions can only come 
from research focussing on technology 
transfer and intended uses of such data. 
However, before a definite answer can be 
expected, it is logical and requisite that ad- 
ditional data be collected pertinent to this 
apparent conundrum in land-use mapping 
accuracies. 

The results of this study are intriguing if 
not also perplexing. Based on the data re- 
ported above, the merit of many traditional 
guidelines used in selecting a specific map- 
ping approach should be  reviewed and 
perhaps more thoroughly examined. To  
name but a few: the parameters of scale, 
area, and interpretation method merit atten- 
tion. That is, can results comparable to those 
produced here be expected when different 
scales of imagery are used andlor a more 
general or more detailed land-use classifica- 
tion system imposed? What amount and type 
of variation can be expected when different 
environments, land-uselsettlement patterns, 
and more extensive areas are examined? The 

effect of an environment where commercial 
and service, wetlands, mining, or other 
land-use activity comprises a larger portion 
of the area also calls for examination. Fi- 
nally, further investigation of cell sizes per 
se and in combination with the factors of cell 
placement, cell orientation, and interpreta- 
tion technique (e.g., dominant land use, 
systematic aligned sampling) is advocated. 

I t  is qui te  evident  that the  particular 
method of cell mapping and the cell size 
employed will have an effect upon the accu- 
racy and validity of the derived land-use in- 
formation. The role of environmental mod- 
ulation has also been cited. It is hoped the 
present study will serve to stimulate interest 
a n d  in i t ia te  r e sea rch  in to  th i s  not  in-  
frequently overlooked problem. 
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