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SPOT Simulation lmagery for Urban 
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Infrared Photography* 

INTRODL~CTION along with 9 by 9-inch color infrared aerial photog- 
raphy, taken with a Zeiss 6-inch focal length camera 

T HE PURPOSE of this paper is to report on the use- at an approximate scale of 1:42,000. The visually 
fulness of SPOT simulation imagery as com- interpretable SPOT simulation imagery was pro- 

pared with Landsat T M  and M S S  imagery and with duced at 10-metre resolution, as a color infrared 
high altitude color infrared photography for urban simulation, at an approximate scale of 1:24,000. In 
monitoring, based on evaluations made at two test addition, on the same day, low altitude (1500 feet) 
sites in California. aerial oblique ~hotographs and also terrestrial pho- 

ABSTRACT: On 24June 1983 simulated SPOT imagery (lo-metre resolution) and Zeiss, 
6-inch focal length color infrared aerial photographs were simultaneously acquired 
of the Davis and Woodside test sites in northern California. These two sites, re- 
spectively, were well suited for ecaluating the extent to which various kinds of 
remote sensing imagery could be used in monitoring and planning at (1) the urban- 
agricultural interface and (2)  the urban-forestlrange interface. For each site, sim- 
ulated color infrared imagery was produced from the SPOT Simulation data and 
supplied to the investigators at a scale of 1:24,000. Approximately six weeks later, 
Landsat 4 acquired both ~ s s  and T M  data for these two sites, from which simulated 
color infrared imagery, scale 1:24,000, also was prepared. The interpretability of 
urbanlsuburban features on the sintulated SPOT imagery was compared with their 
interpretability on the nfss and TM imagery, which had resolution of 80 metres and 
30 metres, respectively, and also on the color infrared aerial photographs. From 
a comparatilje analysis of these image types, the investigators sought to determine, 
both qualitatively and quantitatively, the extent to which increased spatial reso- 
lution provides increased interpretability of urbanlsuburban features. At both sites 
the simulated SPOT imagery was found overall, to be decidedly more interpretable 
than the Landsat M S S  and TM imagery, and in many instances nearly as interpret- 
able as the color infrared aerial photography. 

SPOT simulation imagery from Flight Line 76 (des- tographs of the same sites were taken in the form 
ignated as "Yolo County at Davis") and also from of natural color and color infrared stereograms 
Flight Line 3 (designated as "San Mateo County at through the use of a matched pair of 35-mm cam- 
Woodside") was used in the comparisons. The SPOT eras. 
simulation data were acquired on 24 June 1983, Part of this study entailed comparing interpret- 

ability of the SPOT simulation imagery with that of 
* Presented at the 1984 SPOT Symposium, Scottsdale, the Landsat Mss and TM imagery acquired of the 

Arizona, 20-23 May 1984. same sites on 12 August 1983. With respect to sea- 
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sonal state of the vegetation, the SPOT simulation 
imagery was taken late in the drying season and the 
Landsat imagery during the middle of the dry 
season. A preliminary comparison of imagery ac- 
quired on the two dates showed that (1) there was 
some difference in the appearance of annual vege- 
tation because of this difference in seasonal state but 
(2) this factor was not likely to affect, to any signif- 
icant degree, the kinds of urban interpretability 
comparisons that were to be made. 

Both of the test sites (Davis and Woodside) had 
previously been used in various NASA and other re- 
mote sensing applications programs. Thus, an abun- 
dance of background information was already avail- 
able with respect to each of them. The setting of 
the Davis site was especially well suited for studying 
the urban-agriculture interface, and that of the 
Woodside site for studying the urban-forestlrange 
interface. 

One of the most critical land-use problems in 
North America and in many other heavily populated 
regions of the world is urban-industrial sprawl into 
the best food-producing land. One reason why such 
sprawl is difficult to control results from the lack of 
sufficiently strong-impacting pictures of the adverse 
consequences of short-sighted planning for urban 
expansion. In many instances such pictures (e.g., 
aerospace photographs) would greatly facilitate the 
passage and implementation of effective land-use 
laws and ordinances. 

Original human settlement tended always to be 
on the very best agricultural, timber, and range 
lands. In North America these settlements were ini- 
tially established as an operating headquarters or as 
a service center of supporting business. Over the 
years, as the settlements have grown, the result al- 
most always has been uncontrolled urban sprawl. 
This process has been governed almost entirely by 
land developer interests and priorities. One can 
hardly call it guided development. 

One effective means of reducing uncontrolled 
urban sprawl in the future is to counter with sound, 
visually impacting information designed to show fea- 
sible alternatives that might be employed, within 
the framework of rational enabling legislation and 
land-use ordinances. Because of its increased spatial 
resolution compared to that of Landsat MSS and TM 
imagery, SPOT imagery can provide this visually irn- 
pacting information and thus play a significant role 
in the important world problem of guiding urban- 
industrial expansion. One example of the potential 
of using high resolution space photography for such 
purposes is to be found in the SPOT simulation im- 
agery that covers the Davis test site. As will pres- 
ently be seen, an interpretation of this imagery pro- 
vides excellent confirmation of historical facts in the 
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urban growth of Davis, a universitylfarming com- 
munity. Consequently, this exercise illustrates how 
such intermetations could be used in manv other 
geographic areas, as well as to document and rein- 
force urban-agricultural planning needs. 

Merely from an examination of the simulated 
SPOT imagery for the Davis area, as shown in Plate 
1, much can be inferred as to the nature and ap- 
pearance of this area in times past and some of the 
factors that have influenced the patterns of expan- 
sion. To be specific, one could readily infer, merely 
from a study of Plate 1, that most of the early de- 
velopment of Davis occurred when railroads were 
the primary mode of long distance transportation, 
at which time Davis was primarily a "railroad" town. 
In fact, the railroad "Y" at point (1) is still an im- 
portant attribute of Davis and explains why the orig- 
inal business district of Davis, at point (2), was lo- 
cated nearby. The original residential district at (3), 
evident by the prominence of large trees, was ob- 
viously developed north and west of the railroad 
tracks in juxtaposition to the business district. The 
original Davis High School building at (4), and the 
associated playing fields at (5), were quite logically 
built in close proximity to the original residential 
area. Even in those earlier days, part of the area at 
(6) was reserved as a park for recreational use and 
that area remains preserved somewhat in its original 
tree-covered, park-like state today. 

In the year 1909, the University of California's 
Davis campus was established and, as an important 
part of that establishment, the site immediately 
south and west of the original Davis urban area was 
designated as a 2600-acre agricultural experiment 
station (Area 7) in keeping with the Federal Land 
Grant educational system. The fact that such an ex- 
perimental area is still in existence today can be 
readily inferred by the smaller-than-normal agricul- 
tural fields (Area 8) and the intensity of its secondary 
road system as compared to surrounding areas. Note 
that this road system is clearly evident on the SPOT 
simulation imagery of Plate 1. 

Partly because of the importance of agricultural 
aviation, we are not surprised to find that the uni- 
versity established its own airport at (9) near the 
west edge of the "University Farm." 

By 1940 approximately 1100 students were en- 
rolled at U.C., Davis, and the University's complex 
of buildings devoted to classroom instruction and to 
university administration was developing around 
the "Quad" at (10)-also handy to the business dis- 
trict a few blocks to the east. Again, it is significant 
that these institutional buildings are clearly evident 
on the SPOT simulation imagery, as are the large 
buildings in the business district, thereby allowing 
accurate determination of the presence of these fea- 
tures. 

In the late 1940's, with the tremendous influx of 
students whose education had been interrupted by 
World War 11, a very sizeable expansion of the Davis 
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PLATE 1. SPOT iinage color infrared si~nulation of the NASA Davis, California Test 
Site acquired on 24 June 1983. 

campus took place and a large number of modern 
student dormitories began to appear af areas la- 
belled (11) and (12). By this time a decline in the 
importance of railroading, combined with the bur- 
geoning of student enrollment, caused university- 
related activities to replace railroad-related activity 
as the primary industry associated with the town of 
Davis. Consistent with the replacement of railroad 
transport by highway transport, the original Davis 

"Y" at point (I), marking the junction of two major 
railroad routes, became secondary to the new Davis 
"Y" at point (13), marking the junction of two major 
highway routes (the east-west trending Interstate 80 
and the north-south trending State Highway 113, 
an important bypass connection with Interstate 5 
north of Davis). This caused a new focal point for 
expanding urbanization near that segment of 
Highway 113 that was close enough to Davis to offer 
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a realistic commute possibility. Normally expected 
commercial development at the highway "Y" was 
restricted by the presence of the  "University 
Farm," the freeway system, and the watercourse of 
Putah Creek. Because the combination of these fac- 
tors prevented urban expansion to the south and 
southwest, such expansion was destined to take 
place north of "old town" and the University Farm. 

Davis and its environs are notoriously flat. Flat 
lands are ideal for bicycling, and bicycles are an 
extremely useful means of overcoming congestion 
in such populous areas. Heavy dependence on the 
bicycle by both students and staff probably explains 
why most of the post-war housing developments 
surrounding Davis-including those in Areas (14) 
and (15)-tend to be clustered fairly close to the 
University. That these housing developments are of 
recent vintage is readily inferred from their relative 
absence of large trees, compared to "Old Town" 
Davis at (3). Naturally, the first of these develop- 
ments was adjacent to "Old Town" and in close prox- 
imity to the already existing High School, a strong 
drawing card. Note Areas (14) and (15). 

It was also most logical for one of the next devel- 
opment areas to be Area (16), some distance im- 
mediately north of the High School-more recent 
than Areas (14) and (15) as evidenced by the smaller 
trees. Note that the attractiveness of Area (16) was 
enhanced by (a) a large greenway, parking lot, club 
house, and golf course winding through the devel- 
opment; (b) a potential commercial area in the 
southeast corner of the development, along the rail- 
road; and (c) another business area on the south- 
west. 

Apparently somewhat contemporary with devel- 
opment of Area (16) was that of Area (17) adjacent 
to both the University Farm and Highway 113. This 
placed the development in a reasonably close prox- 
imity to the central activity of the Davis community 
and also near to a major street leading into the main 
business district of Davis and to the University. The 
increased population resulting from development of 
Areas (14) and (17) resulted in a new school at (18) 
on the northwest comer of the initial development 
in Area (17). This, in turn, provided a strong at- 
tractor for more expansion of Area (17) to the west. 

Judging from the simulated SPOT imagery, this 
expansion has become one of the most elegant of 
the suburban housing areas in Davis, Area (19). It 
is complete with artificial lakefront property, a park 
and activity center, and an additional shopping area. 
From what one can see in this image, however, one 
might wonder whether residents of this particular 
area will be distressed by increasing airplane traffic 
in and out of the Davis Airport at (9) occasioned by 
the fact that Area (19) is in direct line with the air- 
port's only runway and only a scant mile away. 
Whether this potential problem could have been 
avoided by more forward-looking planning is aca- 
demic at this point. 

What might the future hold? Factors already 
mentioned will probably continue to restrict south- 
ward expansion of Davis across Interstate 80. This 
likelihood is reinfored by the following positive at- 
tractors to the north: 

The next most logical expansion area is north of 
Area (17). An important consideration, however, 
should be the unusually high productivity and uni- 
formity of the soil in this area for crop production- 
a factor which should hold the area in commercial 
agriculture. 
The SPOT image pattern that is seen in an area cen- 
tered about two miles north of town along Highway 
113 (Area 20) suggests greater soil variability and 
thus the possibility of a lower priority in that area 
for continued agricultural use. Consequently, this 
may be the most judicious area for future urban 
expansion. 
A golf course, readily identifiable on the SPOT sim- 
ulation imagery, has already been developed two 
miles north of town along Highway 113 at point 
(21). This may prove to be a drawing force tending 
to move residential expansion northward along 113 
in the event that land (hopefully in the poorer ag- 
ricultural soil areas) is made available for urban de- 
velopment. 
One small development that co~nprises about 30 
acres is already in place one mile north of town, 
Area (22). This will function as a drawing force and 
a focal point for expansion of urban, residential, and 
even small commercial developments designed to 
service the area as it grows. It is logical that future 
growth would eventually require an additional 
school and churches in this area-assuming of 
course that the economy of Davis can grow, or that 
some further diversification of industrial develop- 
ment can support another substantial increase in 
the population. 
The existence of the north-south railroad may limit 
expansion of Area (16) to the east, although addi- 
tional urbanization could spread north from ex- 
isting developments east of the railroad track. An 
additional limitation may result from the fact that 
this area lacks a major highway to facilitate north- 
south traffic as 113 does on the west. 
To some degree, further expansion of Area (16) 
northward along the railroad is restricted by the 
presence of a drain ditch, associated ponds and a 
pumping station, and by the convergence of the 
railroad and Highway 113 as one moves northward. 

LANDSAT Tlvl COY PARISON, DAl'IS SITE 

Nine different color enhancements were made of 
the TM data to compare interpretability. Examina- 
tion of this imagery in comparison with the siinu- 
lated SPOT imagery revealed the following: 

Simulated color infrared renditions can be made 
with TM that are spectrally comparable to those 
made with SPOT, and these renditions are adequate 
for differentiating features where the spectral sig- 
nature is the primary criterion. 
Where spatial discrimination and ground resolution 
are important, however, TM is leagues behind the 
SPOT simulation. Specifically, on the TM imagery: 
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the secondary road system in the University 
Farm is not discernible; 
streets within the urban areas are ~nostly evident 
because of the pattern in tree distribution, and 
none of the smaller houses can be seen as they 
can on the SPOT simulation; 
large buildings are indistinct, although evident; 
and 
highway interchange detail is fuzzy on Tnr and 
clear on SPOT and the median strip in the freeway 
is not discernible on Tnl but it is on the SPOT 
si~nulation image. 

The experienced urban interpreter will appre- 
ciate that the above disadvantages severely limit the 
usefulness of TM data because these kinds of image 
interpretation depend very largely on resolution de- 
tail that preserves the integrity of building shape, 
discriminates the various features of ground cover, 
allows detection of major and minor streets and sec- 
ondary roads, and allows one to draw effectively on 
spatially related, convergent, and associated evi- 
dence for the correct identification decision. 

In view of the foregoing, it is the judgment of 
these writers that, unlike TM data, SPOT data of the 
quality of this simulation experiment can come close 
to taking the place of 1:40,000 to 1:50,000 scale ae- 
rial color infrared photography, especially when one 
considers the advantages of being able to digitally 
analyze the data for special problems and applica- 
tions including (1) quantifying certain components 
of an urbanlindustrial area, (2) determining the area 
occupied by each such component, and (3) devel- 
oping numerical discriminations to support and 
strengthen the visual interpretations. 

MONITORING AND PLANNING I N  THE URBAN-FOREST/ 
RANGE INTERFACE 

As previously indicated, the monitoring of Urban- 
ForestJRange interface relationships was studied on 
data from Flight Line 3, "San Mateo County at 
Woodside." This test site is in the foothills of the 
Santa Cruz Mountains which form the backbone of 
the San Francisco peninsula. The site is transected 
by the San Andreas fault. The area overlooks the 
South and East Bay portions of San Francisco Bay. 
Natural cover is redwood-Douglas fir forest and oak 
woodland, together with various shrublands and 
grasslands, depending on soil type, slope, aspect, 
and elevation. Because the area offers fantastic 
vistas and open space, it is in high demand for se- 
cluded and exclusive suburban homes and for 
larger-acreage, suburban living in the grasslands 
and oak woodlands of the rolling foothills. Because 
of the high intensity residential, business, and in- 
dustrial use of this part of the San Francisco pen- 
insula, there is pressure to expand residential areas 
over the oak woodland foothills, in the trough of the 
San Andreas fault, and up the slopes into the red- 
wood-Douglas fir forests and the high grassland 
parks of the Santa Cruz Mountains. 

This diversity of environments, together with the 
development that has already taken place, provides 
an ideal area in which to determine the usefulness 
of the SPOT simulation imagery for monitoring these 
urbanization processes. An excellent opportunity 
also exists in this geographic area for the assessment 
of environments that are comprised primarily of for- 
ests, woodlands, brushfields, and grasslands, out of 
which the urban expansion must be carved. 

Our evaluation was approached by first making a 
complete delineation of all vegetation and urban 
types on the simulated SPOT imagery of the Wood- 
side test site, as provided to us in the form of a 
1:24,000 scale color infrared print. These delinea- 
tions were then compared to the types discernible 
on the previously described simultaneous CIR aerial 
photography and on the TM and MSS color infrared 
imagery. Obviously, there were advantages in the 
stereo evaluation of the aerial photography. There 
were features, such as individual small and medium 
size houses, large buildings, and parking lots where 
the stereo capability often provided the only reliable 
means of discriminating, even on the aerial photog- 
raphy. Consequently, we should emphasize here 
that (1) the SPOT sensor system, in one mode of 
operation, will provide a stereo capability, and (2) a 
form of "synthetic stereo" can be incorporated in 
Landsat MSS and TM imagery for areas in which ter- 
rain data are available. But, in relation to the  
present study, the key point is this: for those urban1 
suburban features that are necessary and feasible to 
map at a scale of 1:24,000, the SPOT Image simula- 
tion seemed fully adequate for feature delineation 
and for the identification. 

There were, of course, many slnall features which 
could be mapped only as point locations. Most of 
these required stereo examination, and some re- 
quired ground examination for reliable identifica- 
tion. We found, for example, that the resolution 
provided by SPOT simulation imagery permitted suf- 
ficiently good detection of individual trees and small 
clumps of trees or shrubs to enable us to develop 
an index of proportional conifer versus hardwood 
cover in the forested and wooded areas, as shown 
in Table 1. In the urban planning context, such in- 
formation is indicative of the developmental status 
of the natural vegetation, its relative economic 
value, some of its scenic qualities, and the site po- 
tential for forestry-all of which are important to 
the land use planner. 

The last line of this table suggests that at least 
three and possibly four classes of mixed conifer- 
hardwood timber could be differentiated in the SPOT 
imagery. With larger samples and an improved sam- 
pling design, even more differentiation might be 
possible. This led us to compare possibilities for the 
discrimination of individual and small clumps of 
hardwood (oak) trees in drying grassland areas 
among the SPOT, TM, and MSS image types (Table 2). 

These data are of obvious importance in relation 
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TABLE 1. PERCENT HARDWOOD IN MIXED CONFER-HARDWOOD STANDS* 

Dots on Hardwood in Random Set of Ten Dots 

Item 
Stand Stand Stand 

1 2 3 
Stand 

4 
Stand 

5 

No. Obs. 6 7 14 16 16 
Sum 24 37 20 40 69 
Mean 4.00 5.29 1.43 2.50 4.31 
S.E. mean 1.53 1.48 1.18 1.32 2.64 
% Hardwood 40 53 14 25 43 

* Based on the interpretation of simulated SPOT imagery and found to be in close agreement with the interpretation of simultaneously acquired CIR 
aerial photography, scale 1:42.000. 

to our ability to assess, from SPOT simulation iin- 
agery, the ecological and scenic qualities of the open 
foothills. We found, similarly, that thin hedgerows 
(much less than 10-metres wide and some as narrow 
as 5 metres) were detectable when they occurred 
on spectrally contrasting backgrounds. Practically 
all of the secondary two-lane roads and a few single- 
track roads also were detectable where not over- 
hung by trees. 

In terms of mapping vegetation types and infer- 
ring landform and soils for purposes of land-use 
planning and possible urban expansion, we found 
that all of the conditions, except soil features that 
cannot be inferred from vegetation, were detectable 
by and mappable on the SPOT simulation imagery. 

One of the important land-use changes in this 
area is development of very expensive homes on 
large lots within the redwood-Douglas fir type. This 
kind of development is important to monitor and 
control because of the especially high demands that 
it places on various public services-including 
those associated with fire control, police protection, 
and the installation and maintenance of utilities. We 
selected three developing areas and counted habi- 
tations on the ground or from existing maps, on ae- 
rial photography, and on SPOT, TM, and MSS im- 

agery. The results of this comparison are shown in 
Table 3. 

The data of Table 3 clearly show that, for the 
stated purpose, SPOT is almost as good as small-scale 
aerial photography and that SPOT simulation im- 
agery is superior to Landsat TM and ~ s s  imagery. 
From this we conclude that the SPOT imagery is, in 
fact, useable for monitoring housing development 
in wooded regions. 

In these kinds of areas watershed runoff can be a 
serious problem, primarily because of the increase 
in impervious surface that results from residential 
development. Table 4 shows the results of a test in 
which a random dot grid of 100 dots per square inch 
was used to record hits on housing units in the 
largest of the three test areas. This could not have 
been done with TM or MSS data with acceptable re- 
liability because of the lower spatial resolution of 
such data. 

A comparison was not done on the aerial photog- 
raphy because the scale of 1:42,000 was too small 
and the results would have been somewhat scale 
dependent. Given several such data sets, one could 
develop an index of increased runoff that would be 
expected from housing developments such as these. 
Field sampling and measurement could determine 

TABLE 2. OAK TREES DISCERNIBLE IF ON A DRY GRASS BACKGROUND 

Number of Oak Trees Counted by Interpreter 

Air Photography Spot Imagery 

Positive Likely Positive Likely 

TM MSS - 
Likely Likely 

* Includes shrub patches that look like trees 
** Border trees blend with hedgerow 

*** DiEerence probably due to shrub patches that look like trees on the Spot Image. 
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# of Houses # of Houses in 1983* 

Area in 1976 Air Photog SPOT TM MSS 

A 11 16 11 0 0 
B 39 56 56 3 1 
C 13 18 14 7 5 

TOTAL 63 90 81 10 6 

* Count includes "Positive" plus "Likely" interpretations, but excludes the lowcst confidence class. 

the average percentage of the total area that was 
occupied by roof area, impervious driveways, and 
sidewalks for different classes of development. SPOT 
data analyzed for percentages of these openings in 
the timber would provide a useful index for plan- 
ning runoff-water control for housing developments 
within critical watersheds. 

The extreme northern part of Flight Line 3 did 
include extensive industrial and connnercial areas. 
We were not provided with simulated SPOT imagery 
in false color for that part of the area; however, the 
false color simulated SPOT imagery that was pro- 
duced for us provided only the options of looking at 
(1) limited residential classes and (2) institutional 
buildings, such as schools and churches. On the 
black-and-white strip printout of SPOT simulation 
imagery, however, we did make comparative counts 
of institutional and business buildings and compared 
them with the results that we obtained by inter- 
preting the aerial photography. This information is 
summarized in Table 5. (A TM image was not avail- 
able to us for this northerly area and MSS images 
were not useful for this purpose.) 

These results confirm the useability of SPOT siin- 
ulation imagery for acquiring building-by-building 
data in institutional, commercial, and industrial 
areas. Generally speaking, the differentiation of cer- 
tain broad classes of residential, commercial, and 
industrial areas can be done from the TM and MSS 
data, but accuracy would surely drop for the com- 
mercial-industrial discrimination, especially with 
MSS data where the type of area can be inferred only 
from convergent and associated evidence. 

Finally, a few general observational notes are 
summarized in Table 6 that illustrate the capabilities 

Repetition Number Percent in Home Clearings 

1 15 
2 13 
3 15 
4 16 
5 11 

Average 14 

of using SPOT simulation imagery for visual inter- 
pretation of urbanlindustrial features in a region 
where the urban-forestlrange interface is important. 

In summary, these authors believe that the po- 
tential of the SPOT simulation imagery for urban- 
industrial monitoring and planning is very great. 
For such purposes, one can do just about as much 
with these data as with small-scale CIR aerial pho- 
tography. Spatial resolution is especially important 
in the image analysis of urban-suburban features be- 
cause of the inordinant amount of dependence on 
geometric and spatial relationships and on detailed 
shapes of features as well as on convergent and as- 
sociated evidence for the identification of features 
in the urbantindustrial setting. In addition, there is 
the ever present requirement for a high level of 
ground knowledge and an understanding of what is 
likely to be encountered in each type of area that is 
to be interpreted. 

In spite of the greater interpretability of SPOT im- 
agery (as compared with Landsat MSS and TM im- 
agery) that is made possible because of its higher 
spatial resolution, we must recognize that there are 
still needs-especially in the developing nations of 
the world-for small-scale, highly generalized re- 
source analyses and maps that are appropriate to 
scales of l : l , O O O , O O O  in some instances and to 
1:250,000 and 1:200,000 in others. In these cases, 
spatial resolution of the quality of Landsat MSS is 
still preferred because it generalizes to a desirable 
degree by washing out the "noise" that is present 
in simulated SPOT imagery as a result of its higher 
spatial resolution. One can, in fact, greatly overkill 
the information needs in a developing nation with 
information visually interpretable from Landsat MSS 
imagery, and all the inore so with that interpretable 
from imagery of the quality of the TM and of the 
SPOT simulation used in the present study. 

In our opinion, therefore, SPOT IMAGE Corpo- 
ration should plan to put out not only high resolu- 
tion data and imagery but also generalized editions 
of their imagery in which pixel clusters have been 
averaged to create a data set with coarser resolution 
(e.g., on the order of 50 to 80 metres). In our judg- 
ment, an averaging approach to the production of 
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TABLE 5. Itis~rrtl~r~oti:\~. B['II.I>IN(: C ; o [ l ~ r  

Air photography SI'OT Imagery 

Type Bldg Positive Likely Positive Likely Comment 

Schools 6 0 6 2 1 
Churches 1 0 4 0 2 
Business 1 0 0 7 0 3 
Business 2 9 0 5 0 4 
Golf Club 1 0 2 0 5 

Comments: 
1. Confused parking lot for building on SPOT 
2. Confused parking lot for building r111 SPOT 
3. Orchard and roadways lookecl likr bt~sinrss area on SPOT 
4. Confused parking lot for building on SPOT 
5. Building appeared san~c dark 11l11c as parking lot on SPOT 

such generalized editions would be preferred to a 
data-sampling approach that skipped rows and col- 
umns to degrade the imagery. 

One of the obvious advantages of SPOT is going to 
lie (1) in its stereo imaging capability for selected 
areas and (2) in the fact that, with one data set, the 
user has the flexibility of setting his resolution re- 
quirements from 10 metres lnaximuln to match the 
level of generalization at which he is working in the 
interpretation and analysis phases of resource as- 
sessment and monitoring projects. 

We perceive another area where the highest res- 
olution capability of SPOT, and even of the TN for 
that matter, will function as a distinct disadvantage. 
That is in certain developing countries within which 
the military establishlnents adopt a pseudosecurity 
policy. This problem already exists with Landsat 
MSS applications. In some countries, highly gener- 
alized 1:2OO,OOO scale resource maps and reports 
have been confiscated by military departments, 
shrouded in secrecy, and made totally unavailable 

TABLE 6. NOTES OK MISCELLANEOL~S FEATL~RES 
INTERPRETATIO~~ FROM SPOT 

Item Note 

1 Median in freeway clearly discernible. 
2 Two- and four-lane sections of freeway distin- 

guishable. 
3 Differentiate black-top from concrete road sur- 

faces (also on TM and MSS if the roaastreet is 
detected). 

4 Differentiate concrete overpasses on black-top 
sections of freeway. 

5 Most urban streets visible when not tree lined. 
6 Two-lane roads visible through woods and grass- 

lands if not obscr~red by overhanging trees. 
7 SPOT is allnost as good as 1:42,000 aerial photog- 

raphy for the interpretation of urban/subuldan 
features that are feasible to lnap at a scale of 
1:24,000. 

to the responsible renewable resources agencies 
that stand to gain the most from use of the infor- <>  

mation. Unless an educational prograln with na- 
tional lnilitary departments is mounted early in the 
promotion stages of SPOT applications, this problem 
is likely to be even more serious. It is a real shocker 
for international agencies of the AID type, while 
working with their contractors, to embark on criti- 
cally needed resource analysis/monitoring projects 
only to find that the local lnilitary establishment is 
throwing unanticipated and occasionally crippling 
road blocks in the way of project implementation. 
It is even worse to colnplete an infonnation-gath- 
ering project and have the results buried under a 
vague cloak of presumed security. 

Notwithstanding these difficulties, we are enthu- 
siastic about the potential for civilian application of 
10- and 20-metre resolution imagery from space. 
But, the quality of this imagery will place new de- 
mands on interpreters and analysis in at least two 
areas if full benefit of the system is to be realized. 
First, it will no longer be adequate in most instances 
to deal with broad land-cover classes such as grass- 
land, hardwood, conifer, bare ground, rock, etc. In 
such instances there should be included on each 
analyst team a person who is particularly knowl- 
edgeable in plant sociology and in vegetation-land- 
form-soil relationships, i.e., a person who can "read 
a landscape and understand it." Without this capa- 
bility, much of the spectral variability will go un- 
accounted for and important vegetation and land- 
cover discriminations will go undetected. This will 
be particularly true for instances in which digital 
data analysis is relied upon as the primary mecha- 
nism of image interpretation. The second area is 
legend refinement. It will be increasingly important 
to use hierarchical land-cover legend systems that 
are developed without a land-use bias and which 
accurately represent the biological and environ- 
mental parameters which typify the landscape con- 
ditions. If the full power of SPOT imagery is to be 
realized, it will be necessary allnost always to apply 
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a hierarchical legend to the fourth or fifth and, oc- 
casionally, even to the sixth levels of classification 
detail. Such legend systems already exist but are 
not generally appreciated or used by the remote 
sensing community. 

The increased spatial resolution of the SPOT Sim- 
ulation imagery inakes it apparent to us that many 
space photos soon will look very much like aerial 
photos. Consequently, we conclude that, in the near 

future, direct visual analysis rather than computer- 
aided analysis very often will be used as the primary 
means of information extraction from space photog- 
raphy. Therefore, we consider it to be high time for 
the scientific community to resume vigorously one 
kind of research that it has allnost co~npletely aban- 
doned for the past two decades, viz., research de- 
signed to improve the ability of humans to extract 
information froin photos by direct visual analysis. 
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