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1.0 PROJECT SUMMARY, RECOMMENDATIONS AND CONCLUSI1ONS

The nation of Costa Rica is facing a resources crises in the
near future from land conversicn pressures. Urban land use is
fexpanding at a rapid rate, primarily onto high value, very
productive agricultural lands. Agriculture and rangeland uses

are expanding onto forested lands in nearly every sector.

This expansion in itself is not inconsistent with national
goals cf production and development, but the uncontrolled,
unmonitored manner in which it is happening is counter to wise
use of the land in many cases. In order that proper planning be
executed, information concerning the extent, location, and condition
of these resourcgs and their current level of exploitation is
required. Remote sensing technology offers a cost-effective means

of gathering land resource information of this type.

The Agency for International Development and the Government of
Costa Rica requested that Resources Development Associates (RDA)
develop, test, and demonstrate various technical approaches to
resource assessment in Costa Rica. This report details the actions

and findings resulting from this demonstration project.

An aircraft and satellite remote sensing data collection and
analysis project was undertaken to determine the most cost-effective
approach to the development of an appropriate resources information
base. 1In the forestry sector of this project, manual interpretation
of panchromatic, color, and color infrared aircraft photography and
both visual and digital products from the LANDSAT satellite were
compared with regard to collection timing, cost, and effectiveness.
Information needs and detail were assessed for each area of interest;

- forest, urban use, range and agriculture.

* The same types of aircraft and satellite products were also
employed in a demonstration study of urban areas in the Meseta
Central. A set of land-use/land-cover maps was prepared using
the aircraft data as a data source. Land-use and land-cover

polygons were recorded. Areas of land use were measured and



aggregated by administrative units. Satellite digital data was

used to prepare a second set of land-use and land-cover maps.

The two classification systems varied with the product but both

were devised to provide desired information on the current land-

use situation as well as to provide an infrastructure for monitoring

future changes.

Results of these studies provide necessary information for
decisions concerning selection of optimum combinations of data
collection and analysis techniques as well as map products to be

used in a pilot study of land use and land change in Costa Rica.

Near the completicn of the project, a demonstration and workshop
was conducted in Costa Rica. Through this interaction, project
results were conveyed to Costa Rican professional and technical
personnel and, in turn, the RDA staff obtained valuable feedback
and insights into the application of remote sensing to the problems
at hand.

This report will summarize methods, techniques, and products
explored, and make recommendations for the Costa Rican Pilot and
National Programs. In addition, areas that need further exploration

and better definition will be identified.

Conclusions and recommendations for the forest and urban
sectors will be discussed separately. Conclusions are based on
insights gained throughout the demonstration experiment phase.
Recommendations are provided for the necessary applications of
appropriate tools and techniques for a comprehensive resources

assessment brogram in Costa Rica.



1.1 Conclusions for the Forest Sector

The conclusions reached by RDA concerning the forest sector

are:

1. Black and white, natural color, and color infrared
aerial photography cach have the potential to
provide the type of information that is nceded
for both the establishment of a data base
necessary for intensive forest management, and
for forest cover and forest resources monitoring.

2. Both natural color and color infrared film types
improve and facilitate interpretation of forest
cover as compared to black and white photography.

3. Multispectral systems pose major acquisition
costs and problems with little or no increase
in benefits over the other three film types.

4. Natural color is superior at low levels for
interpretation of forest cover and forest types,
but color infrared is superior at medium levels,
primarily duc to its haze-cutting abilities.

5. Medium scale photography is sufficient for Level
III (see Section 3.0) classification, but may
need to be supplemented by large scale photography
and minimum ground truth for verification. The
map scale of 1:50,000 presently in use in Costa
Rica complements and is compatible with Level III
applications. The medium scale photography is more
efficiently and accurately transferred to the
1:50,000 map scale than low level photography.

6. Costa Rica does have the in-country cability to
acquire high quality color and color infrared
photography at both scales.

7. Visually interoreted satellite imagery is inadequate
for forest cover delineation at the level of detail
required in Costa Rica. However, it may have value
in other aspects of resource managemnent; e.q.,
hydrological investigation, physiographic mapping, etc.

8. Digital analysis of the satellite data does provide
accurate Level I classification of land cover and
a potential forest cover monitoring system. Level II
data can be chtained in some cases. Level I
information is needed immediately for general
planning purpocses.



9. Digital classification of satellite data cannot
provide the level of detail for the compilation
of a detailed data base for intensive forest

manadgement; e.g., forest associations, stand
density, tree heights, timber volumes, etc.

10. The most appropriate format scale for the forest
cover Level I classification would be 1:200,000.
This matches a Costa Rican national mapping scale
and will be casier for the foresters to use.

11. Cloud cover is a definite problem for acguisition
of high quality remotely sensed data in Costa Rica.
An investigation should be made to determine the
most probable dates for acguiring relatively cloud-
free data and thus the frequency of updating
resource information.

In summary, digitally analyzed LANDSAT data apnears to be
the most cost-effective alternative for preparation of T.evel I
forest cover maps at 1:200,000 scale. Color infrared aer’al
photography at an acquisition scale of 1:40,000 would appear to
be the most cost-effective tool for development of Level II and

~ III forest use maps

1.2 Recommendations for the Forest Sector

In light of the experience gained in this project as detailed

in the conclusions, the following recommendations can be made:

1. The Costa Rican governmental agencies involved in
forest land management should consider acquiring
color and/or color infrared aerial photography
systematically at a pace that can be efficiently
handled by Costa Rican foresters, and should
provide for training of personnel and acquisition
of equipment needed for photo interpretation, photo
handling, and the building of a forest resource
data base. The film processing could be done in
the United States if the national demand for this
type of service does not warrant an in-country
capability of this type.



2. The Costa Rican Government should start planning
for intensive forest management supported by the
meaium and large scale photogranhic technigues
outlined within this report. The medium scale
photography should form the basis for the data
acquisition phase due to its cost-effectiveness
and ease of data transfer to the 1:50,000 map base.

3. The Government should utilize the LANDSAT satellite
imagery in a digital format for an immediate
assessment of the forest cover and resource, and
as a annual or bi-annual monitoring tool.

4, s preparation for a national project including
points 1, 2 and 3, a pilot project should be
initiated that will further develop the tools,
techniques and training necessary for such an
aifort. The project should be of sufficient size
to address the major problems that will arise
from such a national project and provide sufficient
training for Costa Rican personnel to ensure an
in-country capatility to continue a comprehensive
resource assessmant program.

1.3 Conclusions for the Urban Sector

The conclusions reached by RDA concerning the urban sector

are:

1. While all the data employed in the demonstration
project are generally satisfactcry, experience
dictates that best results were obtained by:

a. Using natural color, large photo
scale transparencies for land-use
mapping in the built-up areas. The
natural color of such features as
rooftops were more familiar to the
interpreter and thus easier to use,
faster, and therefore less costly in
terms of labor.

b. Using color infrared, large photo-scale
transparencies for classification
of vegetation in the rural-urban fringe
areas. Color infrared proved the most
effective for identifving the subtle
differences necessary to classify stages
of abandonment of coffee land.



2. The basc map scries designed and tested pro oved saticfactory.
The device of guartering the 1:50,000 series into 1:25,000
sheets is compatible with the existing mapping proaram,
is the lowest cost method of providing necessarily large
scale, and is compatible with the detail of the classifi-
cation system emploved.

3. The classification System presents an optimum level
of detail. The minimum mapping unit of one hectare
is also a good compromlse to meet the goals of the
study. While it is not small enough to suit the
detail of mapping in the old central city, it is a

good choice for rural-urban fringe uses, the principal
area of concern as urbanization makes incursions into
valuable agricultural land. The classification systenm,
worked out in cooperation with INVU colleagues, has
been refined to a point where it would serve well the
needs of the pilot project.

4. The system of area measurement and aogregatlon by
administrative reporting unit (the Distrito) is
satisfactory.

5. The mapping of land use from aerial photogranhy
through the photo interpretation process and by
applying it to base maps of 1:25,000 scale is
essential to provide a baseline and land-~-use
inventory. Future changes can be measured against
this highly accurate base. Such information has
high potential value for policy making.

6. Computer processing of LANDSAT digital data nroduced
about the samc guality results in Costa Rica as had
been experieuced in tests conducted in U. S. urban
areas. The slight variations on urban land-use
types in Costa Rica provided no special problems
to the functioning of the system. Some classification
problems were encountered which have been of concern
to similar efforts elsewhere. Further experience in
Costa Rica should reduce these spectral confusion
problems to a minimum. It is felt that a significant
achievement was made in a high quality distinction
between rural and urban land uses. This permitted
the further manipulation of the data to prepare maps
of urbanized area delimitation and urban and urban-
rural fringe growth regions. Minimum job costs for
computer processing of LANDSAT data may pose a
problem for its use in small-are urkan studies in
Costa Rica.

In summary, if the urban sector must absorb the total minimum-
job costs for computer processing, then digitally analyzed LANDSAT
data will not be cost-effective for typical urban application in

Costa Rica. On the basis of currently available cost information,



manual interpretation of color film at a scale of 1:20,000 would
be the recommended alternative for the production of 1:50,000
scale Level I/II urban maps as well as for the more detailed

1:25,000 scale Level III/IV maps.

These conclusions are highly s nsitive to small differences
in efriciency of interpretation and analysis, and should be carefully
reviewed during the pilot project stage. Similarly, if the Lkasic
costs of LANDSAT data acquisition and processing can be shared with
another resource sector, tuen this approach may become more

feasible from a cost standpoint.

1.4 Recommendations for the Urban Sector

The sorting out of results, as given above, leads to the
offering of specific recommendations for the future and, in

particular, for the pilot phase of the study. They are:

1. Continue with systems developed in the demonstration
project, namely:

a. The baseline and land-use inventory as
derived from aerial photo interpretation
and plotted on base maps of 1:25,000 for

areas which are urban and/or urbanizing.
Similar mapping at 1:50,000 would be
satisfactory for rural areas.

b. Continue to acquire and use natural color
photography (in diapositive form) of fairly
large scale for built-up areas. Color
infrared is super%pr for urban areas.

c. Acquire low altitude oblique photography in
a systematic way to serve as support for
interpretation of vertical aerial photography.
This is especially necessary for urban areas
where building height may be important and
where the extra detail is required to
distinguish between such problems areas as
industrial and commercial land uses.



d. Continue the systematic base-map ceries.
Scribing and preparation of registered
separation sheets should alsc be continued
since L"e method is compatible with those
used in IGN and would permit, if desired, the
publication of maps. Further, the maps would
be compatible with a 1:25,000 series of
topographic maps if they were to be producced.
Stable-based mapping materials should be used
throughout the process.

Continue working with LANDSAT digital data. The possible

availability of new data from LANDSAT 3, on a periodic
basis, would provide for the sequential mapping and
monitoring of the areal extent of urkan areas. Use of
these data in the next few years would also give the
requisite experience to make beneficial use of the
finer resolution (30 meters instead of 80) planned

for LANDSAT 4. The results of processing new data in
the next year could be compared to the 1975 maps
produced for the demonstration phase. Change could
then be measured providing graphic evidence to be used
by policy makers.

Change detection should also be accomplished by comparing

aerial photographs of a few years previous, where
available, with those recently acquired. Maps of change
could be made which would further define the process
and rate of change.

Provide various forms of ground-collected data such

as soils, slope, productivity, potential hazards,

and land values to be used in conjunction with

land-use data in the development of a geographic-
based information system. 1Initially, the data sources
may be maps: eventually, considerations should be
given to adopting a computer operated manipulation
system in which optimum uses ¢’ land may be prescribed.

Continue and expand the training of analysts and
other technicians via a series of workshop/training
programs. Some of this could be done in the United
States: some could be accomplished through a
technology transfer process in Costa Rica.



2.0 IMPACT OF GROWTH AND DEVELOPMENT ON THE LAND RESOURCE BASE
IN COSTA RICA

Costa Rica is experiencing a period of rapid growth and
development which is having a profound impact on the agricultural

and forest land base.

In Costa Rica, as in many countries throughout the world,
the most intense urbanization often occurs on land that is highly
productive for agricultural uses. The expansion of the urban area
into highly productive agricultural land may have a significant
impact on Costa Rica because the most important exports are '

agricultural products.

The forest resource land base is undergoing a steady decline
as an alarming amount of forests, especially on steep slopes, are
being cleared to accommodate more agriculture and grazing uses.
In this case, the short term benefits of providing more land for
marginally productive agriculctural and grazing uses are far
outweighed by the long teim consequences resulting from the loss

of mature forests and subsequent erosion and sedimentation problems.

A brief discussion of the forest resource and urban expansion
will follow in sections 2.1 and 2.2, respectively. Section 2.3
provides some rationale for conducting a resources assessment

program through the application of remote sensing techniques.

2.1 Costa Rica's Forest Resource and Potential for Future Management

Costa Rica has been endowed with a great natural variety of
vegetation as a product of primary diverse geographical and
climatic influences. The forests are distributed over four
altitudinal belts, between 3,200 meters and sea level. The
majority of the forests occur in areas with rainfall of 200 milli-
meters or more and have a profusion of epiphytes, such as bromeliads

and orchids, with ferns at higher elevations and palms on the lowlands.



The forests in areas of lower rainfall have a dry season of five
to seven months and are largely cecmposed of deciduous or semi-
deciauous species. Most of the remaining contiguous forest is in
the north and east Caribbean lowlands, the Peninsula de Osa, on
.the highlands of the Cordillera de Tilaran, Guanacaste, Central,
and Talamanca, and other scattered and small isclated tracts
interspersed among agricultural lands throughout the country.
Selective logging of the more valuable timber species has occurred
within most of the accessible portion of these forests. The
remaining forests have avoided complete exploitation only because
of the low population densities in surrounding areas, the high
density and mixed composition of the forests, and their relative
inaccessibility due to the absence of passable roads, rough
topography, and excessively wet conditions. Most of the marginal
forest lands adjacent to the major agricultural areas have been
cleared and converted to low productivity agricultural and grazing
uses. The timber removed from these areas :are often not marketed;

however, wide use is made of fuelwood and charcoal.

The Forest Service in Costa Rica is a division of the Ministry
of Agriculture. Their major mandate is to grant and-control
concessions for timber harvests within the nation's forests. The
timber obtained from organized harvests is primarily utilized in
house construction and, apart from sawmills, there is little
development of forest industries. Wood exports waich rank seventh
on the order of importance in Costa Rica are exceeded by imports
of this class, primarily of coniferous species from Honduras. The
current rate of timber removal is estimated at 50,000 hectares per
year while the reforestation rate is only about 1,000 hectares per
year. At this rate of depletion, a sustainable forest resource
base for Costa Rica may be lost forever unless immediate resource
planning and management efforts are undertaken to reverse this

trend.
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With a rapidly increasing human population, it is inevitable
that more forest land will be converted to grazing and agricultural
uses, and this may bhe desirable so long as the land involved is
well suited to these uses. Unfortunately, many areas with steep
slopes that should ke kept in permanent forest cover are being
cleared for other uses. Accelerated erosion resulting from removal
of the protective forest canopy and conversion of the land to often
unsuitable uses; e.yq., crepping and grazing, is causing irreparable
damage to the watershed and soil resources. This land could support
sustainable, long term productive forests and enhance Costa Rica's
economic development, provided that good forest management is
applied. Proper forest management reguires a more basic knowledge
about the nature and quantity of the various products available
and the potentialities of the important species in regard to
regeneration and growth. Also many improvements are possible
for transport routes, harvesting methods, and better timber
utilization to prevent waste and ensure that the most appropriate
uses can be derived from timber products. The first step in
realizing the potential of the forests to provide both watershed
protection and harvestable timker is a comprehensive forest
resource assessment program. This may be best accomplished by

remote sensing techniques.

2.2 Urbanization Trends in Costa Rica

The built-up area of San Jose, Costa Rica has grown rapidly
in recent years both in population (from 145,000 in 1945 to
487,842 in 1973) and in area (from 1,066 hectares in 1945 to
3,963 hectares in 1973). Examination of aerial photographs taken
at intervals between 1973 and the present reveals that areal
expansion and penetration into the surrounding agricultural
hinterland is continuing at a rapid pace. This land is generally
of high guality, inherently productive, well drained, and without

excessive slope.
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Much of the agricultural land which has recently been converted,
or neglected in anticipation of conversion, has historically been
devoted to the production of coffee, an cxport commodity that
provides Costa Rica with significant amounts of foreign exchange.
The conversion of this land to high value commercial-‘ndustrial
develop.ient may be defensible as necessary to the country's economic
growth but the placement on much of this land of discontiguous
housing developments, especially those built at some distance from
the contiguously built-up area, poses the dual problem of removing
valuable land {rom production while requiring the provision of
often inordinately expensive urban services. Yet another problem
is that the extended perimeter of urbaﬁization shows indications
of engulfing former distinctive satellite communities once
separated from the main city by an agricultural "green belt."
Communities such as Tibas and Moravia are already in the process
of becoming only neighborhoods of the expanded city of San Jose.
Trend projection suggests that Heredia and Alajuela will follow
a similar course. Large areas of undeveloped land in this region
are surrounded by developed land (as seen in the small-scale color
infrared photograph of the city and environs, Figure 2-1),

suggesting that these areas as well are candidates for urbanization.

2.3 Rationale for a Remote Sensing Assessment Program

Remote sensing from =2ircraft and spacecraft platforms has
gained worldwide recognition as a unique method to provide
resource-related information which is often technically or
economically infeasible to obtain by conventional ground methods.
Carefully planned resource surveys, using satellite and/or aircraft
data products coupled with statistically valid sampling designs,

can provide accurate and timely information.

12






Remotely sensed data can be interpreted visually or processed
by computer, displayed in map form and can be easily updated to
add or integrate new data. The freqguent updating of information
is particularly important for planning purposes in a rapidly
developing country, such as Costa Rica, to monitcr critical arecas
of growth and change. Repetitive data generated by the LANDSAT
satellite can provide timely information for regional and urban
planning purposes. Information derived from satellite data can
help direct the attention of planning agencies to areas where
more detailed information is needed for forest, urban, or agri-
cultural assessment programs. With this information at hand,
aircraft photographic surveys may be conducted more efficiently
to obtain site-specific information which can be located and
verified through ground sampling techniques. Through photo
interpretation and statistical techniques, this information
can be extrapolated to larger homogeneous units, delineated on
photographs and transferred to base maps in a more manageable

form for further evaluation and decisicn making.

Considering the short time frame in which extensive resource
data must be collected and evaluated to supply information urgently
required by the Costa Rican Government for planning purposes, a
resources assessment program employing remote sensing techniques
may be the only feasible, cost-effective method to supply this

information.

14



3.0 FOREST ASSSSMENT SECTOR

The intent of the forestry sector of the project was to
evaluate remote sensing products and techniques bv comnarison
_of costs and effectiveness of each. Specific forest sector

objectives were:

l. To evaluate the technical utility of aerial
photography, including panchromatic, natural
color, ~olor infrared, and multispectral
films, as well as the effects of differences
in photo scale and season, for the delineation
of forest cover in Costa Rica

2. To cvaluate technical utility of LANDSAT
satellite data, in both visual image and
digital formats, for the delineation of
forest cover

3. To devise a suitable forest cover classification
scheme for inventory operations in Costa Rica

4. To compare relative costs and effectiveness
of the various aerial photographic and satellite
products and techniques

5. To conduct a demonstration in Costa Rica of the
capibilities and techniques of various remote
sensing systems that might be employed in a
pilot program.

The overall objective of this project was to establish the
relative efficiencies of these alternative systems for providing
a detailed forest cover data base for Costa Rica, and then to
evaluate their suitability for inclusion in a monitoring system
that would update the data base at periodic intervals. Such a
data base can be formatted at many different levels corresponding
to different amounts of detail. Furthermore, a problem arises
in comparing different products and techniques in that theyv vield

.very different levels of information. An illustration of this
concept of levels of information and the resulting classification
schemes is shown in Table 3-1. This classification schene arew
out of experience gained in Costa Rica during the course of this
project. It is modified from Anderson's U. S. Geological Survey
Professional Paper 964, which detailed a similar land-use and land-

cover classification system for use with remote sensor data. Such
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Level of Classification

this level of detail

Table 3-1: LAND-COVER CLASSIFICATION LEVELS

I II ITII Iv
1 Urban 11 1/
2 Agriculture 21 4
2/ 2/
3 Rangeland 31 Herbaceous Rangeland Forest Associations Stand, Height, Density,
32 Pasture Age, Vclume, Etc.
33 Brushland
4 Forest Land 41 Deciduous
42 Evergreen
43 Semi-Deciduous
44 Mixed
5 Water
6 Wetland
7 Bare Ground :
(Modified from Anderson)
!/ Additional detail for these areas can be seen in Section 4.0, Urban Sector
2/ Forest management (as distinct from forest assessment) typically requires information at



a classification system is designed to allow interchange of
information obtained by different sensor systems at different
levels of detail. One notable departure from Anderson's
classification is in Level I (section 3) where rangeland is
“subdivided into herbaceous rangeland, pasture, and brushland.
Pasture in Anderson's classification is included with agriculture.
During the analysis stage of this project, it was found that in
Costa Rica pasture was often confused with rangeland, both in
photo interpretation and in satellite data analysis. Therefore,
if pasture is Kept within the rangeland Level i classification,
a marked increase in correct classification would result.

Levels III and IV have not been: fully developed in this
experiment, as they are primarily designed for use in intensive
forest management. The following sections of this report will
evaluate each type of information gathering system independently

and discuss and illustrate each type's products and usefulness.

The photography and satellite imagery were evaluated at two
separate test sites; one located in the central mountains in the
.arca of Volcan Poas, the other on the Pacific coast, south of
the Rio de Tarcoles. In this report, these sites are referenced
as the Poas and Tarcoles test areas. All aerial photography
utilized in this evaluation was obtained by the Instituto
Geografico Nacional (IGN) of Costa Rica, who also processed the
panchromatic film. Processing of the color, color infrared, and

multispectral film was arranged by Resources Development Associates.

3.1 Ground Surveys

Ground survey techniques are basically standard statistical
.techniques of inventory, with somewhat specialized inventory methods
accompanving them. Modern-day forestry inventories are rarely
conducted without some type of input from aerial photography or
satellite imagery. This is necess cy to provide a delimitation

of the area that is to be sampled. 1In its most basic form,
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information from aerial photography is usually transferred to a
base map, this information primarily being the extent and location
of the forest cover. The arca is then determined from the base

map and a number of plots allocated. The number of sample plots
is usually based upon the size of the area, the intensity of the
survey desired, and the confidence level of the resulting
information desired. It should be noted that accurate estimation
of confidence level requires some prior knowledge of the population

variance.

More sophisticated use of aerial photographic information
results in the stratification of the forest into different types,
densities, and/or volumes. This allows samples to be allocated
either directly proportional to area or to some variable trait,
for instance volume. The latter results in high volume areas
being sampled more intensely than low volume areas. The ultimate
result of proper stratification is the lowering of the variance

as compared to a non-stratified sample.

Ground survey techniques result in a myriad of different types
of information depending upon what is the desired product. Primarily
stand characteristics such as height, basal area of timbhér, species,
and age are collected, with these being combined into volume tables
for management purposes. Since primary costs are involved in
transportation to the site and traveling time between each sampled
plot, a large variety of casily measured parameters are usually
obtained. This type of sampling results in a very detailed
characterization of the forest. Although it is the most costly
and intensive of the survey techniques, information at this level

is reguired for intensive forest management.

This concept of using photographic products to supplement and
improve ground surveys is actually extended into the use of the
more advanced aerial photographic products and satellite imagery.
The basic intent of both aerial and satellite information is to
extend ground data, or ground truth, over a wider area with better
area delimitation than would be possible otherwise. At the same time,

it is possible to reduce the amount of time spent on the ground while
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maintaining the same accuracy. This reduction in uround sampling
effort is translated into a savings of time and meney due to the
inaccessibility of some arcas, reduction in travel time, field

time, transportation costs, and nersonnel costs.

3.2 Aerial Photography Techni:al Evaluation

The final product of an aerial photographic survey and the
information derived is dependent on several variables. These
variables are a variety of scale combinations resulting from
flying height and focal length of the camera system, season of
the year the photography was taken, and the film types and filter

combinations uscd.

3.2.1 Mission Variables

Flying height of the aircraft and the focal length of the
~Camera,combined,result in the scale of photography. This project
evaluated what can be termed medium scale and large scale photography.
Small scale photography (nominally that imaged from an aircraft at
over 30,000 feet with a six-inch focal lergth lens) in the range
of 1:60,000 scale and smaller was not evaluated. This was in keeping
with the project's original intent to examine currently available
systems and the fact that aircraft typically available in Costa Rica
are usually limited to a flight altitude of less than 30,000 feet
above mecan sea level. This is not at all unusual outside of the

United States.

The trade-off between scales is that as the scale grows smaller,
‘the resolution, or what can actually be discerned on an image, 1is
decrcased. On the other hand, as scale increases, more flying time
and more photography is required to cover the same ground area. It
is true that a shorter focal length than the standard six-inch focal

length available on most cameras could be used, resulting in smaller
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scale at the same altitudes. However, such a short focal length
camera usually accentuates topographic relief. 1In a country such
as Costa Rica, where topodgraphic extremes are ceomnonplace, this
may create more problems than it solves. All of the aircraft
imagery, with the exception of the multispectral data, was flown
with a conventional six-inch lens system obtaining approximate
data scales of 1:20,000 and 1:40,000. Evaluation of scales can

be seen in Table 3-2.

Tropic and sub-tropic multiple-scason photography is much more
restricted than in temperate climates. This is due to the fact that
in temperate climates one can make use of the deciduous nature of
many of the forests and readily distinguish deciduous versus
evergreens. In tropical climates this is still a valid point,
however, we are further constrained to a limited time frame by
weather. The major portion of all photography flown and evaluated
in this project was taken during the relatively clear months of

December, January and February.

A varicty of types of films were evaluated within this study.
These included black and white panchromatic film, normal color film,
color infrared film, and a multispectral system. Examples of each
of the photographic film products are found in Figures 3-1 through
3-4. The color and color infrared photography was obtained as
transparencies for interpretive purposes and reproduced as prints
for this report. Transparcncies are more difficult to handle in
field usage, but are more effective for interpretation and were
the only format available withoutreprinting at this time. The black
and white photography was produced in a ncgative format and contact
prints were produced. Black and white prints are useful for field
work. This should not overshadow their primary use; that of providing

data for a mapbase:

The black and white panchromatic film and the natural color
film both record light from the visible spectrum. The use of color
photographs, however, normally results in a more accurate and

detailed resource assessment, as the human eve is much more sensitive
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Flying Height/Scale

Low Level/
Large Scalel/

Medium Level/
Medium Scale?/

High Level/
Small Scaled/

Evaluation of Resulting Data

Excellent ground resolution, able to easily identify
individual tree crowns, measure tree heights, make some
species identification. Levels I, II, III

Good ground resolution, forest type or associations

mapping is possihble, if crown configurations and color
are distinct, typing between Levels I and II

4

2/
V4

Not evaluated due to excessive flving height
requirements

Typically, altitudes of 2,500 feet to 10,000 feet above mean terrain, with photographic

scales of 1:5,000 to 1:20,000

Typically 10,000 to 30,000 feet, scales of 1:20,000 to 1:60,000
Typically altitudes in excess of 30,000 feet, scales smaller than 1:60,000

Table 3-2: SCALE EVALUATION















to slicht color variations than to changes in shades of grey
presented in panchromatic photos, and there are typically many
more color variations than grey shades in comparable photography.
Color infrared photography, on the other hand, records information
in the near infrared portion of the spectrum. This is not to be
confused witn the thermal or heat regions of the infrared spectrum.
Color infrared photoyraphs are particularly useful for forest and
vegetation assessment. Most actively growing plants have high
reflectance values in the infrared, and there are wider differences
between plants, and betwecen health conditions of plants, in the
infrared spectrum. Differences betwecen dead or dving plants and
living plants are also accentuated. The black and white, color
and color infrared photography examined during the course of this
project were all acquired with a conventional mapping camera.
Differences are attributable solely to differences in film type
and the fact that the infrared film regquires an additional

blocking filter.

The multispectral camera system requires a special camera
which has four separate lenses that image on a common sheet of
black and white infrared film. Each lens has a different set of
blocking filters so as to record a separate and unigue region of
the spectrum. These regions are the blue band, the green band,
the red band and the near infrared band. The four separate images
are then combined using a color additive viewer with color filters
assigned to cach negative. The resulting combined image can be
enhanced and controlled on the viewer. The multispectral imagery
obtained for this project unfortunately had a malfunction in the
system that prevented the infrared portion of the spectrum from
being imaged. However, RDA's extensive use of multispectral
photography in other areas of both the United States and Latin
America shows that major problems may exist. The principal

drawbacks are:

1. They cannot be used for stereoscopic viewing

2. The ecquipment required for viewing the material
1s expensive and not port. ble

3. The focal length of the camera dictates a large
scale format.
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All four of the film products and systems and their various
attributes as far as interpretation accuracy and time are summarized
in Table 3-3. This table details information gathered from another
RDA experiment in a Latin American country. The fact that accuracy
of interpretation is approximately equal for all film types tested
should be noted, while at the same time the number of different
units that can be differentiated is highest for color infrared
photography. The average interpretation time for relatively
inexperienced interpreters was best for the color. The inter-
pretation time required for the most experienced interpreters,
however, was significantly reduced when using color infrared

photography.

Conclusions that can be drawn from this information, and
that have been confirmed by our work in Costa Rica, are that color
and color infrared films are superior materials when considering
interpretation accuracy, number of units differentiated, and

interpretation time.

The imagery format, as mentioned earlier, consisted of contact
prints for the black and white photography and transparencies for
the natural color and color infrared photography. Use of color
and color infrared photography usually necessitates the use of
transparencies as this is the most inexpensive and easiest way
to obtain this type of film. This in turn requires the use of
light tables and other such instruments that are specifically
formated for a back-lighting situation. These include modified
vertical sketchmasters and zoom transfer scopes. Both of these
types of equipment are available within Costa Rica and should pose
no problem. One of the traditional uses for aerial photography
is as a map for the field technician to use in finding roads and
locating where he is in relation to the forest. This is sometimes
considered a major problem with transparencies, as they are not
easily utilized in the field. Their information content, however,
is great enough to warrant their consideration. Portable light
tables can be constructed to allow one to carry his imagery, at

least in a vehicle, to the field.
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Color Multi

B/W Pan Color Infrared spectral
Land Cover/Land Use (1:20,000) (1:20,000) (1:20,000) (1:10,000)
*
Interpretation Accuracy 82% 82% 82% 71%
Number of Units *
Differentiated 7 9 10 9
Interpretation Time **
(Minutes) 25 14 16 15
Interpretation Time
(Average of Most 28 18 10 6**

Experienced Interpreters)
(Minutes)

* Corrected for scale

** Uncorrected for scale

Note that while unit interpretation accuracy is approximately equal for all film types
tested, more units are identified with color, color infrared and multispectral films than
with panchromatic film. Overall interpretation is thus most "accurate" with color infrared
film.

Table 3-3: LAND-COVER/LAND-USE INTERPRETATION TESTS (LEVEL II AND III)



3.2.2 Products

After the information is collected and interpreted the next
major step is transfer to a base map. In any program such as
this, determination of desired final map scale should be one of
the first considerations. This allows one to obtain his photography
at a scale that is ecasily convertible, and to establish a mapping
unit that is compatible with the base map. For instance, a onec-half
hectare minimum mapping unit would be too detailed and time consuming
if the final map format were to be 1:200,000 scale; a minimum mapping
unit of five to ten hectares might be more appropriate here. ,
Conversely, a minimum map scale of five to ten hectares would be
very expensive to produce compared to informatior content. With
these considerations in mind, one can plan on using Level I and
sometimes Level II classifications levels for maps at the scale
of 1:500,000 to 1:200,000. Levels III and IV should be at 1:50,000
or less. 1In the forest experiment, map products were produced
primarily at 1:50,000 scale. Data was mapped using an early
classification scheme that differs somewhat at Level ITI and III
‘from that presented as final. This information was then transferred
via vertical sketchmasters and zoom transfer scopes to a 1:50,000
Costa Rican map bhase. Details of map reproduction processes used
are further detailed in Section 4.0. Examples of the map products

are found in Figures 3-5, 3-6, and 3-7.

3.3 Satellite Data Evaluation

The satellite data used in this experiment was obtained by
the LANDSAT-2 system on March 3, 1975. A copy of this image is
included as Figure 3-15. Although clouds obscure a majority of
the northeastern portion of the frame, the Tarcoles and Poas test
areas are relatively free of clouds. Thc National Aeronautics and
Space Administration (NASA) did supply additional data during the

summer of 1977. However, due to a limited amount of tape recording
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Figure 3-8
Ground-based color photograph of tropical moist forest
showing cut-over forest in foreground and virgin forest in

background.

Figure 3-9
Ground-based color photograph showing cross section
of virgin tropical moist forest.
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Figure 3-14
(in white)

showing the arca

Small-scale map of Costa Rica
covered by the LANDSAT frame
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space on the satellite (this being required@ to obtain data over
arcas that do not have a ground receiving station) and the onset
of the rainy season, which mecant that a majority of the country
was under cloud cover, additional data of the guality nceded to
conduct such a test was not obtained. Figure 3-16 shows the bhest

image received from this attempt, imaged on August 1, 1977.

The August image did point up some interesting and pertinent
facts. 1If the image from the month of August is compared with the
image from the month of March, it will be sccen that the August
image is prescented in much deeper and much more extensive tones
of red. Especially around the Tarcoles test arca, where the forest
is casily discriminated from the rangelands on the March image,
there is only a very subtle differcnce on the August image. This
is due to the fact that the March image was obtained at the end
of the dry season, which mcant that the rangelands and grasslands
and most of the agricultural lands were in a state of plant
dorminancy and dryness. The forest on the other hand had retained
much of its grecen leaf cover and therefore stood out strikingly
against the otherwise brown rangeland, agricultural land and
brushland. The Auqgust image, on the other hand, was obtained
after threce to four months of rainfall and as a result not only
the forest, but all the other lands, had a very luxurious cover
of plant growth. The same differentiation that is seen by the
eye was also apparent in a computer classification of these data.
This confirms that not only will data be most ecasily obtained
from the satellite during the dry season, but also that more

accurate interpretations will be possible with these data.

The problems cncountered with cloud cover point up another
area that should be considered when evaluating satellite imagery
for use in Costa Rica. It has been shown that some data can be
collected over Costa Rica, but the timing of this data remains
to be documented. Assuming different levels of effort from
satellites; i.e., one satellite, two satellites, or three satellites,
how often can one expect to obtain cloud-free coverage of the country?

This will eventually be important, not only in the determination of
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the total utility of the satellite system, but also in determining
its function in a monitoring system. Although bevond the scope

of this demonstration project, data from some typec of continuously
operating and relatively incxpensive satellite system, such as

the Nimbus or other weather satellite, would be examined to
establish the probability of obtaining cloud-free data with the

LANDSAT system in any aiven time frame.

3.3.1 Data Acquisition

The satellite data is transmitted as a digital bit stream from
the satellite and received at a ground station, usually in the
United States, and is then fcrmattedinto a computer tape and
deposited with the EROS Data Center in Sioux Falls, South Dakota.
Both computer tapes and visual products produced from these tapes
at the EROS Data Center were obtained for evaluation. Products
examined included the 1,600 bit, nine track computer tape;
1:1,000,000 black and white images of Rand 7, the infrared band;

a 1:500,000 black and white print of Bands 5 and 7, the red band
and infrared band, respectively; and 1:500,000 and 1:250,000 scale
color composites. Also, 70 mm positive and negative transparencies
were obtained. The negatives were used to produce 1:200,000 scale
(matching the country map scale) black and white prints for visual
evaluation and the positive transparencies were used in the
International Imaging System (I*S) color additive viewer. The I2S
product was evaluated both while on the machine and from a sub-

sequently produced 1:500,000 color composite print.

3.3.2 Visual LANDSAT Evaluation

For the visual evaluation of the LANDSAT imagery, all four scales
of the black and white products and both scales of the color products
were cxamined, and delineations of forest cover were attempted by

hand. Accurate and meaningful delineations at 1:1,000,000 were
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virtually impossible, although this scale is very useful for
ceologic, hydroleogic, and vhysiographic mapping. The 1:500,000
scale proved to be little better in providing mapable information.
The 1:250,000 and 1:200,000 scale imagery did permit large homo-
yeneous areas of forest to be broken out. However, at these
scales it was recadily apparent that any meaningful forest cover
mapping on a nalion wide basis would be nearly impossible.

Figures 3-17 and 3-18 show enlargements of ecach test area in
which certain units are visible at Level I. When these da:a

were compared with both aerial photographic and digital LANDSAT
data, the inaccuracy of the visual evaluations was apparent. This
was especially obvious in the Poas test area where coffee, cane,

and rangeland were more casily confused with forest.

3.3.3 Digital LANDSAT Evaluation

The digital TANDSAT data consists of recordings of the amount
of cnergy that is reflected from the carth's surface in each of four
spectral bands. The information for these four bands, green, red,
near infrared and far infrared spectral regions, is gathered over
a one-half hectare arca on the earth's surface. Reflected energy
within these bands is received from this area of land, called
a pixel, and is averaged within each band. It is these energy
levels, plus locational information, that is recorded on the
digital tape. The fact that this information represents an
average for a given area should be stressed; pixels that fall in
non-homogencous areas (as at the boundary of two fields) may be
misclassified because the averages of the two or more different
cover types vield a signal that is characteristic of neither, and
may well resemble some other totally different type of cover.

As the LANDSAT series of satcllites become more advanced, this
resolution cell may well be decrcased and problems of this type,

although not eliminated, may be reduced.
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The analysis system that was used for this project was the
Electromagnetic Systems Laboratories (1SL) IDIMS system. The
information from the tape was transferred into a special HP3000
cowputer with an interactive console. A visual display was
generated on a CRT screen which had an interactive mode. Training
classes were chosen visually with the help of aerial photography
over cach of the Lest arcas. These training arcas represented

what is termed a "supervised" classification. 1In a supervised
classification, arcas that are known to be fairly homogeneous

ace designated and identified. The computer is then instructed

to classify all of the pixels within a given scene accerding to
the training classces generated. The IDIMS system uses a maximum
likelihood classification that assigns every pixel to a class
within certain statistical bounds. An obvious hazard of this typoe
of training is that the operator may fail to identify some of

the important classes, or all of the variations within ecach class.

An unsupervised training approach was also used for these
same arcas. In this process, the computer is instructed to choose
random samples amounting to a given vercentage; i.e., 10%, of the
total image. These randomly selected groups of pixels are then
analyzed by the computer system using an algorithm that allows it
to gencrate classes of spectral responses or signatures internally.
The disadvantages of an unsupervised training scheme are that
one may fail to get all pertinent classes represented through
the sampling technique, and some time is required to accurately

identify what the classes represent.

Both the supervised and unsupervised training groups were then
compared using a program that detected statistical differences
between the mecans and standard devietions of each class generated.
Any class that too closely resembled another class was re-examined
and reformated. This could result in the discarding of either one
or both classes, resulting in the pixels that were included in that
class falling into another class. FExamples of the training
information, spectral signatures, and graphics of classes are

presented in Appendix A.



After the training was completed, the areas were classified
on an IBM 370 computer. The training took place on arcas
sukzstantially larger than cach of the test arcas so that a
real-life situation involving a great variety of pixels and
responsces would bhe obtained. TIf only a small window of LANMDSAT
data is analyzed one can, through extensive algorithms and time,
very caretully refine the classification for that arca. However,
these classifications invariably decrcase in their accuracy when
extended over any reasonably large area of the frame. The classes

that resulted from the training corvespond to Table 3-4's TLevel I.

After classification on the IBM 370 computer, the data was
examined as it was printed on a standard line printer typewriter.
This allowed the RDA team to evaluate the training and classification
of both test arcas. The Tarcoles test area was judged to be an
adequate representation of the efficiency of the system. However,
the Poas test arca fell much below expectations and was substantially
less accurate than the Tarcoles classification. A re-classification
was subsequently conducted on the Poas area and accuracy was improved,
- although not appreciably. The inaccuracies can be primarily
attributed to the fact that in the higher elevations the coffece
and rangeland and their growth characteristics (due to being in
a more moist situation) are such that higher levels of confusion
with the forest occur, and the fact that there are many shadows
cue to topography which meant not only the blanking out of Jdata
in many arceas, but also confusion around the edges of these areas
in classification. Although not a primary intent of this program,
it was noted that the classification of agriculture and range in
the Poas test area was very poor. This can be attributed in nart
to the fact that the intent of this project was not to evaluate
the efficiency of LANDSAT in agricultural determinations but rather
the determinations of forest versus other uses. Thus, training
samples were not sclected and algorithms were not chosen to maximize
enhancement between agriculture and range. However, the size of the
fields in different uses and the relative complexity of signals
played no small part in the poor classification of the range and

agricultural areas.
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A method termed "stratification" is available for the separation
of a LANDSAT frame into two or more arcas for training and classi-
fication. This allows the classification of areas more accurately
by eliminating the extension of training classes over broadly
different arcas. Stratification per se was not used in this
test due to the use of small and independent test areas, although
in one respect this in itself was a stratification. The classification
of the Tarcoles test area involved both mangrove and unland forest.
Both classes werc used as training areas, but when signatures of
the many-ove were compared to the upland forests near the central
valley, significant similaritics were found. Stratification will
probably be required in these areas, with concurrent increases in

classification time and cost.

3.3.4 Satellite Products

A great variety of products can be generated from the digital
classification of a LANDSAT scene. Primary products are illustrated
in Figures 3-19 through 3-23. The most common type, and probably
the first that anyone working with this type of system will see,
is the line printer output shown in Figures 3-12 and 3-20. In
this product, each pixel is portrayed by a type character. A
uncolored line printer product is usually difficult to evaluate
and understand. Grouping of the symbols and/or hand coloring of
the groups of symbols using such inexpensive tools as felt tip
markers results in a visually interpretative product as seen in
Figures 3-19 and 3-20. If the classified data has been deskewed
and rotated (rectification processes of the LANDSAT data) then this
data is very ncarly in map form. However, for greatest utility,
this type of information should be transferred to conventional map

bases as described in Section 3.2.2.

47









In addition to the line printer output, an additional product
is tabuiar counts of pixels according to classes as shown in
Figure 3-22. This information shows the number of pixels that
have bcen accounted for in each class that has been identified.

If the total arca classified is known, these percentages will then
relate dircctly to specific arca measurements by class type, or

calculations can be made given pixel size and number of pixels.

Another type of computer product resulting from the
classification is the clectrostatic grey print, illustrated in
Figure 3-21. This type of machine product is not commercially

available on an operational basis at this time.

Last of all, one of the most striking products of digital
data obtainable is the film recorder output. The film recorder
takes the classified tape and produces a series of negatives that
are then combined into a single color negative which can be printed

at any desired scale, as shown in Figure 3-23.

The amount of data contained in each of these products is
cssentially the same, however some consideration must be given
to scale. The various scales are not readily available from the
line printer as the size of the type symbol has to be a function
of the size of the pixel. The line printer that was used for this
project had type size that corresponded closely to a 1:25,000 scale
map base. Therefore a one to one transfer of single symbol for
cach pixel represented was achieved at this scale. Hownver, for
production of line printer maps at any other scale, for instance
1:50,000, it was necessary to sample every other line and every
other column of pixels. This results in only one pixel in four
being represented in the display. Although it rarely affects the
shape of, or statistical considerations for large areas, small
arcas and linecar features such as rivers are often disturbed. The
electrostatic grey printer and the film recorder, on the other hand,
both respond to a change in scale by effectively shrinking the
size of the pixel as it is represented on the product. The electro-

static dgrey printer product has been critized for being difficult
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PIXEL COUNT TOTAL COUNTED 73,500

CLASS COUNT PERCENT
1 2374 3.230
2 1112 1.513
3 998 1.358
4 480 0.653
5 2258 3.072
6 1097 1.493
7 560 0.762
8 999 1.359
9 1428 1.943

10 16 0.022
11 27 0.676
12 S| 0.314
13 223 0.303
14 1195 1.626
15 2068 2.814
16 1295 1.762
17 1508 2.052
18 4456 6.063
19 2964 4.033
20 675 0.918
21 13272 18.057
22 258 0.351
23 3608 4.909
24 3684 5.012
25 8728 11.875
26 3946 5.369
27 1879 2.556
28 3098 4.215
- 2049 2.788
30 6544 8.903

. Figure 3-22
LANDSAT pixel count area determination
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o work with since it is portraved in only levels of grey and the
human cye is not as responsive to different levels of grey as it
is to different colors. “The film rocorder {or this reason is
usually considerced a more casily intcrpreted product since there
are usually more possibilities for easily distinguished classes.
Unfortunately, it is significantly more expensive than most other

output product types.

3.4 Summary

A comparison of photographic to digitally processed information
can be seen in the uncolored line printer output and overlayv in
Figure 3-24. ‘The information onthe overlay was derived from aerial
photography over the same arca to permit comparison of the relative
accuracies of the photographic and IANDSAT digital products.

Legends for the photography and line printer output can be found
in Table 3-4 (page ). A summary of the different remote sensing
systems and their relative value for each level of classification

is presented in Table 3-5.
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Level

Level I

Level IX

Level III

Level IV

Applicakility of various remote sensing svstems.
systems evaluated to the Levels of classification shown in Table 3-1.
in Section 5.0.

Satellite Imagery

Medium Scale Aerial Photography

Large Scale Aerial Photograp:.

High applicability; can delineate
large land cover areas for survey
purposes; can provide system

update and monitoring information.

Can discriminate within some classes
fairly accurately; small areas {less
than three nectares) are difficult
to delineate due to resolution
limits.

Rarely useful at this level due to
both spectral and spati=l
resolution limits.

Excellent resolution but amount
of data obtained far exceeds
this level; costs of data
gathering too hignh.

Well suited for this level;
within resolution limits of the
system; costs of data gathering
comparable to information
gained.

Well suited for this level;
well witnin resolution limits
of the system; costs of data
gathering comparable to
information gained.

Rarely useful at this level
due to spatial resolution
and paralliex limits.

Excellent resolution but
amount of data obtained far
exceeds iz level; costs
of data gathering too high.

Well suited for this level;
within resolution limits

of the system; costs of
data gatnering high compared
to information gained.

Well suite.; can be used
for height, crown density,
and some other volume-
related measurements.

Table 3-5

This table compares the
Details

three remote sensing
on costs are found



4.0 URBAN ASSESSMENT SECTOR

The gcneral goals of the urban demonstration project were to
examine and test the various tools and technigues which policy
makers in Costa Rica could employ in the development of plans to
guide the future growth of the cities in such a way that valuable
agricunltural land resources and desirable dpen space would not be
lost. Carried on into the pilot program and the national program
are the conceptualized goals of the development of a growth plan
which identifies the quality of rural land ir the cities hinterland,
protects the highest quality land and directs the probable inevitable
urban growth onto land whose conversion to urban uses would cause

the fewest problems.

4.1 Goals

To provide the means by which these general goals can eventually
be met, the specific boals of the urban segment of the Demonstration

Project were:

1. To test the suitability and applicability of the
data sources of:

a. Black and white panchromatic aerial
photography

b. MNatural color acrial photography
c. Color infrared aerial photography
d. Multispectral aerial photographys

Digital data from LANDSAT satellite in
computer compatible tape format processed
by computers using clustering and
classification algorithms

2. To adapt a variety of interpretation, mapping, and
data manipulation technigues to the precise needs
found in Costa Rica

(%)
.

To use atrial photo interpretation to classify and map
both urban and non-urban land uses in a test area
extending from the western edge of San Jose to the
Coco International Airport
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To dctermine the hest combination of a classification
system and map scale to provide the optimum amount of
data in a cost-effective way

To delinecate the bhoundary of the contiguously built-

up area as a base Trom which to mecasure future change

To provide details on the staces of land-use change
in the rural-urban frinue arcas

To attcmpt to use LANDSAT digital data to define
broad classes of land use, both urban and rural

To use these processed LANDSAT data as a baseline
measurcement from which expansion of the urban areca
could be mecasured in subsequent passes with a view
toward the estalblishment of full-time monitoring
of urban growth in the future.

Method Used with Aerial Photo Interpretation

The primary product to come out of the urban sector of the

demonstration project was to design and sample mapping of the

baseline data in the form of a polygonal land-use map derived from

the interpretation of aerial photographs. Several basic problems

were resolved, such as developed a classification scheme, determining

minimum mapping units, deciding on an optimum base map scale,

cveloping interpretation techniques appropriate to the area,

designing a system for eventual reproduction of the maps,

application of a technique for measurement of polygons, and the

subsequent aggregation of these data by meaningful administrative

units in order to begin the process of relating the remotely sensed

data to information previously collected on the ground and reported

by the census and other agencies. These and other points are taken

up in detail in the following pages.
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4.2.1 Tand-Use Classification System Development

Tn consideration of the problem of how best to classify the
use of the land two options cxist:
1. Either inductively designing a unique system

or
Adapting one developed clsewhere.

Since the geography program of the U. S. Geological Survey has
alrcady designed a classification system for use specifically

with remotely scnsed data (Anderson, et. al., 1976), and that the
system is in broad usage and widely quoted, the decision was made

to use 1its bhasic structure, but modifying it to suit local
requircments where necessary. A major design feature of the
Anderson system allows for identifying discrete land uses as

logical subdivisions of broader categories. This is a particularly
attractive fecature for usage in Costa Rican urban areca mapping where
fine detail is desirable in some arcas such as the urbhan fringe,

""and is not required where uses are not subject to imminent change.

The degrces of detail are seen in Figure 4-1. Single digit
uses (Level I in the Anderson system) are used in the urban arecas
to denote rangeland and forest land; both of these are treated in
more detail in the forest sector of the project. Two digit uses
appecar both in the urban and in the rural. 1In both instances, the
level of detail indicated is all that can he determined through
aerial photo interpretation. For instance, commercial and services
cannot, from satellite or aerial photographs, be subdivided into
types of goods and services. These determinations can only be made

through ground observation.

Three digit classes consist of both urban and non-urban land-
use phenomena. On the urban side, the residential class is sub-
divided on the basis of building density. The low density areas
are those associated with semi-rural areas where houses are separated

by tens of meters. Middle density housing is found on the urban
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lard-Use Classification System fir Class Humbter Class

Air Phcto Interpretation Mapping NCN-URBAN

211 Sugar Cane

Class Hurber Class :
e LI 212 Feld Crops
URBAN 213 Other {including small,
111 Residentfal (low buflding density) fenced pastures) %
112 Residertial (medium building density) 221  Coffee

113 Pesidentfal (high building density)

] 222 Baranas "
E 12 Comrercial and services 223 Palms ;3
13 Industrial 224  Greenhouses
14 Trz:i??:}::1on, coriunications, and 23 Agricultural Structures
15 Industrial and corrmiercial complexes 3 Rangeland (grass) ‘s
16 Institutional 4 Forest Land 3
171 Recreation 51 Streams, canals ?
1721 Coffee (viable) 52 Lakes 3
1722 Other aqricultural land (v1able) 53  Reservoirs ;
1731 Coffee iabandoned) 72 Beaches

1732 Other agricultural land (abandoned)
174  Vacant land in transition

74 Bare, exposed rock
75 Strip mines, quarries,

ﬁ
';Wmm A N DG R R Y Ao S e - - e
R T Y S A S B O A A AR RS A AR DY

Figure 4-1
The classification system used with the mapping of urban land
uses from air photo interpretation. Note that land uses of greatest
concern are in three and four digits (Levels III and 1IV) while those
of less concern are less specific.
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periphery while high density housing occupices the older marts of
San Jose and survounding satellite communities where units either
share common walls or have side walls which abut one another. !
Land devoted to vecreation and vacant land in transition also
roequire a three diagit distinction. In the non-—-urban land, discrete
crops and classes of crops require third level distinction. Not
all of the uses in the system occur in the Meseta Central but will
be encountered in the Pacific to Atlantic area covered by the Pilot

Project.

The extension of the system to four digit detail in the case
of rural-urban fringe uses was necessary to attempt to gain a level
of data nccessary to help resolve the problems associated with the
conversion of land from rural to urban. The delineation of the
status of agricultural land within the urbanized zone into viable
and abandoned helps to identify not only the use of the land hut
also its stage in the conversion process. From such data can come
an ability to predict future change and to monitor urban growth.

Such information can provide the basis for policy formulation.

In summary, the classification system as modified and amplified
for use in Costa Rica served the project's purposes well. All the
types of land uses and land covers encountered in the test arcas
were covered by the classification system. Clearly, urban land

uscs in Costa Rica are more nearly universal than they are unique.

4.2.2 Field Observations

The universal remote sensing technique of relating sample
observations, "ground truth," to interpretation of aerial photographs
was successfully cmployed. During two separate trips to Costa Rica,
one in May 1977 and one in November 1977, numerous local trips were
taken by motor vchicle into the test area. Traverses along the
corridor from San Jose to Naranjo were made and specific features
identified which could later serve as "signatures" to he extended

to other areas.
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Some of these trips were btaken in USAILD vehicles, other with
INVU colleagnes.  Cooporative effort in the field was extremely
useful in reaching aare oable classifications for the many diverse

land uses cncounterod.,

A light airplanc was also cwmployed for field observation as
well as to take a progressive series of low level oblique photographs.
These pictures, taken with a 10% overlap from the aircraft window
with a 35 mm camera, were used as supp oments to the vertical aerial
photoyraphy taken by IGN. With the lens used (a high resolution
55 wm) and at a flying height above ground of approximately 2,000
fcet, the detail in the photographs was very fine and aided in a
significant improvement in identification of certain land usecs.

As scen in Figure 4-2, the oblique view of the same arca provides
more information: building heights can be determined and the nature
of the vehicle in the storage yard in the distance provides a clue
as to the exact nature of the land use. Similar coverage was
attained for two paralelling flight strips for most of the corridor

between Cartago and Naranjo.

4.2.3 DNerial Photo Interpretation

Traditional methods were employed to extract land-use data from
the acrial photographs. First, a matte finish piece of plastic film
was mounted over the 9x 9 inch aerial photo transpcrenciecs.
Registration tabs were attached bhoth to the photographs and to
the overlay material and joined by registration pins thus insuring
continuous registration. The heart of the photograph, that area
with the least distortion, was then delimited; about one centimeter
of overlap was allowed on cach side to facilitate the joining of edges.
Land uscs were then identified (with the aid of optical magnification)
and classified. Fach polygon of use was marked and indicated with a
code number. The minimum mapping unit of one hectare was cenerally
used although some smaller polygons were delimited where they con-

trasted so sharply with adjacent uses that subsuming them within a

62






broader clancs would reduce the map's intcecgygrity. Polyvonal boundaries
were drawn as accurately as possible and frecuently contained many

sharp angles where they traced strec’s and blocks.

A method commonly employed in the interpretation process was
to mounit the napping overlay on a natural color photograph and make
general interpretations with a four-power magnifying lens. For more
difficult arcas, reference was made to the supplementary materials
of color infrared photographs (viewed in stereo on a Bausch & Lomb
Zoom Stercoscope) and the previously mentioned natural color obligue

photoaraphs.

4.2.4 Map Compilation

Since the representative scale of the photographs and the hase
map were not identical it was necessary to match the photo overlay
to the map scale. One set of photographs has a scale of approximately
1:21,000, with the second set at approximately 1:35,000; some

variation also occurred along the flight lines.

The device cmployed to match scales was a copy camera. Matte
finish mylar overlays were either enlarged or reduced (mostly the
latter since the larger scale photography was predominantly used)
and printed at base map scale (1:25,000) on a clear base transparent

photo mechanical transfer material.

The scaled polygonal transparencies were then matched to the
prepared 1:25,000 base map (in negative transparency format). All
the land-use polygons were compiled onto a single sheet of
matte finish mylar overlaying the entire base map sheet. Minor
adjustments were made to reach compatibility with the point and
line features of the map. Since the 1:25,000 base map was enlarged
directly from the 1:50,000 scale standard Costa Rican series of
topographic maps, apparent road widths are excessive. Polygonal

boundaries were often simply placed down the middle of the road.
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4.2.5 Pre-Proofing/Publication Prepavation

From the mylar compilation shoet a scrile guide was then
vrevared.  Using this guide, an RDA gyeographer, working with a
K& E rigid araver (with a .015 point) scribed all the polygonal
boundaries. The top scene in Figure 4-3 shows the scribing in
process.  The bottom scene shows the completed scribe sheet (with
the area covered by the flight line mapped) and the prepared
1:25,000 basce map negative. Identiiying code numbers were then

scribed within polygonal houndarices.

The completed scribe sheet, always kept in perfect registration
with the negative of the base map, was then proofed. The negative
was first reproduced on a proof sheet of hecavy duty opaque plastic
material. On one of the proof sheets (Figure 4-4) the bhase map was
reproduced in a jgrey tone through the use of an interposed screen
(30%) . The land-use polygons were then placed over the top in
dense black. In the other two examples, the base map was reproduced
in a shade of brown while the polygonal boundaries and numbers were

~in black. Either method yields a satisfactory product.

While only proof copies are seen in this report, the separation
sheets (the scribe sheet and the base map ncegative) which resulted
also have the capacity to-be used directly to mave plates for printing.
The system used in this demonstration project is structurally identical
with that used by major map producers such as the U. S. Geological
Survey and the Instituto Geografico Nacional of Costa Rica. 'Thus, a
project goal was reached of demonstrating professional reproduction

methods.

4.2.6 TLand-Use Arca Mecasurements

Geographic spatial data on land use must be measured and
organized by some useful units if it is to be used in planning.
Thus, the arca of cach polygon of use must be measured and the data
tabulated and ordered. The tool used for this purpose in the project

was an electronic planimeter/digitizer. The instrument used, a
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Numonics 1224, is scen in Figure 4-5. The first of the scenes

shows an opcrator dirccting a cursor around a land-use polyuon.

Movement of the arm actuates veoyraphic » and y coordinates in

the flat box at the left edue of the nicture. These coordinates
Jare then used by the computational device (the large box) to

determine area. TIn a real case, as scen in the center picture,

the perimeter of the polygon cnclosing the medical complex which

surrounds Hospital San Josc de Dios (classified as institutional)

has just been traced by the necedle pointed cursor. In the hottom

photo, its arca of 15.94959 hectares appears on the display screen;

the function control box is scen in the foreground.

The plan in the pilot project is to measure all polygons and
report their arcas by administrative districts. In the demonstration
project, the only entire district mapped was that of Cinco Esquinas,
lying between San Jose and San Juan de Tibas. The result of this
measurement is reported later when photo interprctation mapping

and computer-aided digital analysis mapping are comparcd.

4.3 Method Used with Computer Processcd Satellite Data

A goal of the demonstration project was to test the viability
of using computer processing to make land-use maps from digital data
transmitted from LANDSAT satellite. To this end for the urban
project, a test arca -- running from San Jose to Alajucla -- was
selected. Of the available two LANDSA' data tapes which covered
Costa Rica, one in 1975 and the other in 1977, only the carlier one
was satisfactorily cloud free over San Jose. As a result, the
demonstration experiment was faced with the problem of having aerial
‘photography of a more recent date (1977) than the usable satellite

sdata (1975); the reverse is usually true.

As is customary in working with LANDSAT data, the test site is
indicated by the number of picture elements (pixels) it contains.
The site selected was a modest 139 horizontal lines by 326 vertical

columns. Since each pixel of 79x 57 meters contains an area of .45
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hectares, the total number of 42,054 pixels comprises an area

of 18,924 hectarcs.

4.3.1 Clustering

The method of interpreting spectral data in digital form
received from the satellite is rcadily subdivided into the two
principal operations of clustering and classification. 1In the
former, the four light reflectance values recorded for cach
picture elcment (four discrete grey levels on a 0 to 128 scale)
are cxamined intecractively. Combinations falling within a given
standard deviation which are alike arc said to "cluster" in four-
dimensional space (measurement space). These "clusters" represent
signatures, or are surrogates for a type of land use or land cover.
These land uses or covers may have several variable stages (sugar
cane, for example). Each stage would have a distinctive set of
spectral characteristics and would be represented by a cluster.
One would indicate young plants, another matured and tasseled
‘cane, another recently harvested, and another bhurned-over fields
following harvesting. The task for the analyst, once initial
clustering has been done, is to relate the clusters to the stage
they represent and then to cogroup all of them together as sugar
cane, presuming the need is only to know the total land area

devoted to sugar.

Selecting the data to go into the clustering process may be
done by selecting samples (a supervised procedure) of each type of
land use or cover whose location in the scene is known to the
analyst. Another process, called unsupervised, is to have the
computer select random samples (from either a random generator or
on a fixed line column interval) with the view that such a process

will naturally cencounter all possible types of land uses or covers.

In the analysis of the Costa Rican test site, a combination
of the above two was used. Well defined sample areas were first
delineated on the CRT screen, part of the interactive operation

employed in the IDIMS (Interactive Digital Image Manipulation
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System) system of the Flectromagnetic Systems Laboratoryv (FESL) in
California. Numerons data points thus went toward building
siunatures (clustcers) for ¢.ch type of observed land uses. To
imake sure that no types were left unaccounted, randomly selected

seamples from the rest of the scene were also clustered.

A cotal of about fifty clusters were thus sclected. Statistical
tests were then applied to these clusters to determine how "tight"
they were and far apart they were in measurement space. This was
necessary to dctermine just how well they represented the desired
uses and covers. As is usually the case in these analysces, many
of the clusters were impure. That is, they contained not just data
from a single feature but from scveral; a common case is wherec two
spectrally contrasting uses such as a forest and a grassland are
clustered together. Also, these clusters were not sufficiently
scparated (in mcasurement space) from others. As is common practice,
the clusters which were impure or had a low degree of potential
separability were discarded, lecaving only those which were well

defined and separated. Hence, a set of statistics was built from

..which the next step, classification, could be conducted with a

recasonable expectation that classification would not be skcwed
through lack of an uncertain base. Out of the original fifty or
so clusters, a total of 39 was retained tco form the basis for

classification.

4.3.2 Classification

In the classification process, all the pixels in the scene
being studied are placed into one or another of the cluster classes.
Those pixels with quotient values falling in the heart of the cluster
are chviously classified as being in that cluster class. The
difficulty comes with those with values lying at the edge of
clusters (in measurement, not surface, space) or between clusters.
In these cases, the cluster to which they are assigned is determined

by the "maximum likelihood" feature of the classification algorithm.
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The product of classification is thus a line printer output
map with alpha-numeric symbols indicating all of the cluster

classes. In the case here, there was a total of 39 cluster classes.

This output was then registered to theaerial pholography of the
same arca through use of a Bausché& T.omh Zoom Transfer Scope. This
permitted establishing just what, on the ground, was bheing represented
by the cluster classes. In this analysis a list was compiled of the
final desired land uses and the cluster classes which comprised them.
A total of six land-use classes were selected, cach being composed
of a number of cluster classes. The computer was then instructed
to group the cluster classes accordingly and the result printed out
in two formats. 1In the first, six selected alpha-numeric symbols
were employed. In the second, six distinctive levels of grey were

selected for use by the electrostatic grey-scale printer.

The six final land-use classes (sce Figure 4-6) are further
grouped into four urban classes and two non~urban classes. Much
more distinction was possible. For instance, the coffee.class was
represented by 12 cluster classes. Since the emphasis in this
phase of the demonstration project was on urban land uses, there
was little incentive to explore further what the cluster classes
were indicating, primarily the differences in shade tree cover over
the coffee. Each of the urban classes was also composed of scveral
cluster classes indicating some differences in reflectance charac-
teristics of rooftops, streets, and related vegetative cover. Clearly,
there is potential meaning in these differences. Inferences of
differences in age and even quality -- in residential land, for
instance -- could possibly be made. Such finer examination will

be made in the pilot project.
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Figure 4-6
The six classes of digitally processed data
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4.4 Products

In accordance with the thrust of the demonstration project,
scveral prototypes of maps and manipulations of data were attempted.
Each product was considered to be a sample of what would result from
the pilot project and eventually, upon modification if desired, the
national project. Structure and method rather than full areal

coverage werc cmphasized.

4.4.1 Base Maps for the Aerial Photo Interpretation Land-Use Inventory

An absolute prercauisite for building a baseline inventory of
land use is the establishment of a systematic sefies of base maps,
at an optimum scale, on which to place the land-use data. In the
case of Costa Rica (as is true in many nations of the world) the
primary topographic map series is produced at a scale of 1:50,000.
While such a scale is adequate for many purposes, the inherent
intensive nature of urban land use (with its attendant mandatory
minimum mapping unit of no more than a hectare) requires a larger
map scale. Since land use is often a function of land ownership,
the ideal scale requirecd to plot sufficient detail falls within the
cadastral family of scales (larger than 1:10,000). Such maps are
indeed made in particular cities throughout the world and even in
the countryside in such instances as Sweden where large arcas of

land use are indicated or orthophoto guads of 1:10,000.

Since such large map scales are not available in Costa Rica,
and gencrating them was beyond the scope of this project, a plan
was devised to photographically enlarge the available 1:50,000
sheets to a scale of 1:25,000. The systematic approach employed
was to simply divide the existing sheets into guarters and then
to enlarge these with a copy camera. New "maps" were thus created,
each nesting precisely within the previously existing system (see

Figure 4-7).
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The placement of the two test maps
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can be seen relative to the

\ABRA NW and ABRA NE) at 1:25,000
original ABRA shecet at 1:50,000.
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In the sample work done on the EBRA topographic map sheet, two
new maps were crcaced from the existing. They were labeled ABRA NW
and ABRA NE. Nccessary marginal information was moved to the new

borders created and required index and scale information was added.

4.4.2 The Aerial Photo Interpretation Land-Use Maps

On the ABRA NE ana ABRA NW sheets a large enough segment of the
photo coverage was mapped to test the methods employed. The NW map
(Figu."e 4-8) covers ithat part of the urbanizing corridor between
San Jose and the international airport and the NE map (Figure 4-9)
covers about onc-half of the concentrated core of San Jose. Land-
use polrrgons and codes are in black lying over the base map information
in brown. Fach map has marginal information plus a statement of method

and the land-use classification system in both Spanish and English.

4.4.3 Land-Use Polygon/Aerial Photo Comparisons

Samples of the ABRA sheets at large scale are compared to
matching segments of the aerial photography. With these it is
possible to sce, in dctail, the exact placecinent of polygonal boundaries
and tc see just where some generalization was required to stay within
the constraints of the minimum mapping unit. Each of the following

samples also represents land use and land-use problem phenomena.

In the first set (Figure 4-10), it is possible to see the
complexities of land use in - vart of the core arca of San Jose.
Some of the uses are along streets such as the commercial-services
class (number 12) bordering the Paseo Colon. In other instances,
schools and related athletic fields (class 16) cover whole blocks
and surrounding streets are used as borders. Most of the resicantial

area in the scene is high density, class 113.
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Farther toward the edge of the city (Figure 4-11) a zone of
transition is scen. IHere, where the Autopista to the international
airport makes a big bend after passing the Sabana, there is an area
of abandoned coffee land (class 1731) with a building under
construction at the southeast end (the new Playboy Hotel) and a
parcel at the northwest end being prepared for urban development
(class 174 -- land in transition). 1In the western edge of the
sample arca, middle density housing (class 112) is seen. It is

bordered on the north by other abandoned agricultural land.

Another cxample of abandoned coffee is seen in Figure 4-12.
Near the center of the picture and at an cquivalent position on
the map lies a patch of this abandoned coffee between two areas
of residential land, obviously in a stage of development. Clues
to the state of the coffee land (mostly the unpruned shade trees)
on the color infrared photograph are the rough texture and the
closure of a former interior access road by the excessive growth
of shade trees. This same road is seen in the bottom picture of
the set in Figure 4-13. Two colleagues from INVU are inspecting
the untended and non-producing coffee bushes. The other picture
is taken of the cdge of the coffee plantation from the parcel in
transition (number 174) lying to the west. As the sign confirms,
the land (itself a coffee plantation until recently) is subdivided

and prepared for residential development.

Other housing developments are being constructed within coffee
lands at some distance from the contiguously built-up urban area.
In the instance seen in Figure 4-14, a housing development sponsored
by INVU is bordered by an area of abandoned coffee on the south
side (class 1731) with another patch on the north side; viable
coffee (the symbol lies off the map sample) continues on the
northcast side. Arcas of incomplete development are placed in the
transition class (number 174). Data on land in transition will be

useful when growth measurement studies are made in the future.
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In vet another sample pair (Figure 4-15) a common land-use
pattern in rural-urban fringe arcas is represented. Here, near
Ojo de Agua in the western part of the urbanizing corridor,
residential development on small rural parcels along roadsides
- has created what planners in the United States often refer to as
"dead land." Such parcels in the U. S., of perhans a hectare
or two, are considered to he too small to be viable ecconomic
agricultural units and too larce to be landscaped around around
the house. 1In this cxample, however (at least at the present
level of cconomic development), the land is often used for
intensive vegetable production and is probably considered by the
land owners to be practical. Further subdivision of property,
as pressure mounts on available land, could well alter this

situation in the future.

4.4.4 Land-Use Maps from Computer Processing of LANDSAT Digital Data

The high degree of detail possible in mapping urban arecas
through computer processing of LANDSAT data is a constant source
of amazement when one considers the coarse resolution of the data
in its visual form. Figure 4-16, comprising all of San Jose and
the urban corridor to Alajuela, is a good example. At an enlarged
scale (as shown here) of about 1:50,000, virtually all urban land
uscs appecar in the same shade of blue-grey. At full resolution
computer processing, however, fine distinctions are seen. A large
building, for instance, will dominate a single pixel. At a map
scale of 1:25,000 cach pixel (.45 hectare) is represented by a
standard pica size alph-numeric symbol (when the impact printer
-1s set at ten symbols per inch horizontally and eight symbols per

inch vertically).

Another fecature of computer-aided analysis is the ecase of
acquiring a variety of different map outputs. Different groupings
of cluster classes and other data manipulations are achieved casily

and at low cost. Several types of output devices are also used to
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present classification results. For the demonstration project,

the computcr-processed miaps were produced as:

1. Line printer output, using alpha-numeric symbols

2. Film recorder output in which cach class was indicated
in a different color. The computer provides
instructions to the recorder to interpose comhinations
of filters in front of a bcam of light aimed at
photo-scnsitive paper.

3. FElecctrostatic printer output displayed in levels
of grey.

The simplest of these products, the alpha-numeric impact
line printer output, is scen in Figure 4-17. It has been processed
at full resolution so that cach pixel (.45 hectares in size) has
been classified ard printed. This particular version is scaled
to match the 1:25,000 basc map sheets (note indicated relationship
to ABRA NW and ABRA NE shecets) but is not rotated to align symbols
in a cast-west, north-south direction. Such rotation is a relativelyv
trivial step and would normally be emploved in any production-
oriented effort. This product has been colored by hand, with

point~line features added for refercnce purposes.

A sharp distinction is visible between the urban classes (in
red, yellow, orange, and violet) and the non-urban classes (brown
for coffee and green for other agriculture, most of which is pasture).
Urban land uses which lie north of the Rio Tiribi and west of the
Sabana have largely replaced coffee plantations. Coffee lying just
to the south of the river and remnants within this urbanizing
sector are all that remains of a once larger area. Evidence of
urban incursion is also scen in the broad belt of land devoted to
coffee lying to the north of the Autopista. Within the urban classes,
the pixels colored red represent the high density type of development
associated with the old central section of San Jose and the satellite
towns. Narrow strects, weathered rooftops, and densely set buildings
have a distinctive collective signature. Middle density residential

land is represented by orange; lower densities are in vellow. The
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violet is intended to indicate larage, bright industrial-commercial
structures. Some new, highly reflective residential arecas in Pavas
are misclassified as industrial-commercial. Further refinement

work will be required to make separations clear. Urban signatures
“arc also recorded at Coco International Airport because of the large
arca of concrete forming the runways and ramps. No particular
problem is envisioned with this type of "misclassification" since

a feature such as an airport can casily be demarcated from existing

maps and the pattern of an airport is distinctive in itself.

The film recorder output (Figure 4-18) of the whole area for
which computer processing was undertaken (rather than just the area
of the ABRA sheets) serves to demonstrate a type of product which
has high potential value as a final display. Its utility, however,
would not scem to justify its cost to provide a working, interim
map. Final project maps of this type are usually further enhanced
by the addition of point-line features, a grid, and recuisite scale
and locational information. Such a product, for the entire built-up

arca of the Mescta Central, might be ideal cf the pilot project.

The electisstatic grey-scale printer output, on the other hand,
is low cost and provides the kind of base information which can be
rcadily used in numerous ways in the process of spatial analysis.
All possible increments of enlargement, for instance, are simple
options to the machine operator. The only limitation is the width
of the roll of paper; as an absurd cxample, a single pixel could

be 56 centimeters on a side.

In the example seen in Figure 4-19, the scale of the original
full resolution classification was produced at three times enlargement
giving a pixel size (in the original) of nearly one centimeter. The
inherent sharp distinction provided by assigning the two lightest
shades to the non-urban classes and the darkest to the urbhan was an

aid in scparating rural from urban uses.
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Further manipulation of the map resulted in a delimitation of

the urbanized areca of San Jose, the bounding of the contiguously
built-up portions of the satellite towns ncar the city, and the
identification of urbanizing nuclei lying beyond the built-up
arca. A systematic scheme was developed to direct the drawing

of the outer perimeters of each of these types, represented hy

the red, the blue, and the yeliow on the map. A method used by
the U. S. Cecnsus Bureau in its delimitation of Urbanized Areas

was adapted for use with remotely sensed data. While the Census
Burcau employs statistical reporting units as building blocks
(cnumeration districts and corporate units mostly) and makes only
slight reference to urban land uses, the method shown here for
Costa Rica uses only urban land use as derived frorm processing
satellite data. The scale of the work in this example is also
much more detailed than that of the Census. For example, the
Census will consider a detached urban enclave to be a part of an
urbanized oarca if it lies less than one and one-half miles away;
the intervening arca is "bridged" on a map. In the method emploved
“here, an urban land-use enclave was included within the contiguous
urbanized area if it were only two pixels (160 meters away).
Similarly, urban enclaves (those rural arcas penetrating into the
mass of the city were included in the urban mass if their openings

on the outer perimeter were no wider than 160 meters.

Scveral advantages accrue from using this method. First, the
boundary is very finely detailed, much more so than the method
employed in the United States based on ground-collected data.

Scecond, since the method depends on sa.ellite data, information

for subsequent delimitatiors can be obtained with great freguency;

the U. 5. Cecnsus urban delimitation can be done only every ten years.
Third, the way is clearly shown by which urban growth can be monitored
on a regular, periodic, systematic basis, especially in a developing

nation unencumbered with a traditional system.
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In an overall view of the two part map in the figure, one car
casily see that all of the satellite towns are perilously close,
according to the delimitation system, of being engulfed by the
expanding San Jose urbanized area. The urbanizing nuclei could
also casily coalesce into larger units. ©Note that only those
nuclei of ten or more hectares were assigned a yellow pattern;
those of smaller size are numerous hut ecqually demonstrate the

urbanizing process.

Yet a further manipulation of the same data was made in
identifying urban and urban-related regions (Figure 4-20).
Proceeding from the previous urbanized area delimination map,
dominant land-use patterns were cemploved to delimit regions.

Of grecat portent is the San Jose - Alajuela urbanizing corridor
covering a zone which stretches on both sides of the Autopista.
Other important regions are the small -farm and string settlement
region south of the international airport and the region of future
residential subdivision development to the south of the Pio Virilla.
While similar maps may be drawn based on local knowledge, the
support given by satellite data not only lend credibility but
provides a base for measurement and the establishment of systematic

delimitation criteria.

4.4.5 Comparison of Photo Interpretation and Computer Processing

Since the inception of computer processing of LANDSAT data
for the making of land-use maps, attempts have heen made to achieve
levels of detail which equaled those associated with mapping land
use from aerial photographs. The principal difficulty always
encountered results from a fundamental difference in the data bases.
Aerial photographs contain not only information on color, size, shape,
texture, and tone of a feature but contextual, spatial relationship
data as well. The interpreter calls upon all of these in the process
of classification. The analyst of LANDSAT digital data, by contrast,

has only spectral reflectance data and, when typical machine
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processing is employed, none of this is in a contextual spatial

relationship.

Accordingly, the photo interpreter is able to achieve a
classification which emphasizes the functional character of
each land use: 1in this he is merely extending the surface
observation view of the ground ohserver to the vertical, synoptic
view one gets from the air. The digital analyst, on the other hand,
must infer function from the physical, morphological data which the
satellite provides. As a result, the classification done from
satellite data usually contains a strong physical component, such
as bright rooftops versus dark rooftops. Inference of function
can be achieved only through reference to some other form of visual

data, as indeed was done in this prcject.

As far as it was possible in tne demonstration, a comparison
was made of the results of the two classification systems. The
only complete administrative district in the test area, Distrito
Cinco Esquinas, was chosen for this phase of the demonstration.
The outer boundary of the district is seen in black outline on
the natnral color photo (Figure 4-21). Contained within is a
variety of uses, both rural and urban. A new INVU housing tract
denotes the western section; bhoth viable and abandoned coffee
lands are present; some new industrial-commercial develovment is

present; and some residential land occurs.

In order to see the reclationship hetween the two mapping
systems in the same area, the photo interpretation map is super-
imposed over the digital map (Figure 4-22). An attempt to find
perfect correlation is placed at an immediate disadvantage because
of incompatible data bases. The photography is from late 1977 but
the satellite data goes back to March 1975. As may be inferred from
the photography (and confirmed by examining ecarlier photographs not
displayed here), considerable chiange has occurred in the last two
years. The INVU housing tract expanded and some of the land in
transition in the southern part of the district was still in coffee
at that time.
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Land-Use Classification System for Class Number Class
Air Photo Interpretation Mapping NON-URBAN
Class Humber Class 211 Sugar Cane
- : — 212 Field Crops
URBAN 213 Other (including small,
111 Residential (low building density) fenced pastures)

112 Residential (medium building density) 221 Coffee
113 Residentfal {high building density)

12 Commercial and services
13 Industrial

14 Trla‘rtxi..;lxi):}:z:ion, cormunications, and 23 Agricultural Structures

Rangeland (grass)

222 Bananas
223  Palms
224  Greenhouses

15 Industrial and cormercial complexes

16 Institutional 4 Forest Land

171 Recreation 51 Streams, canals

1721  Coffec (viable) 52 Lakes

1722 Other agricultural land (viable) 53  Reservoirs

1731  Coffee ?abandoned) 72 Beaches

1732 Other agricultural land (abandoned)

174 Vacant land 1n iransitioa 74 Bare, exposed rock

75  Strip mines, quarries,

Figure 4-22 . .
A sample of digital mapping line-printer output with an aerial
photo interpretation overlay (Distrito Cinco Esquinas).
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Despite this problem and that of the inherent differences in
the two systems, there is still a high degree of agreement between
the two maps. 'This agrcement was guantified and the results placed
into a comparison matrix (Figure 4-23). In the matrix, it may be
scen that the classes, through bearing different titles, may be
related Lo cach other; the photo interpretation classes "nest"
within the LANDSAT. Sometimes the comparison is direct, as is
the case of high density residential (the photo interpretation
class) and dense concentration of small buildings (the LANDSAT
class). 1In others, the LANDSAT class (large huildings, contiguous
buildings, for instance) comprises classes number 13, 14, and 15
of the photo interpretation group. Similarly, there is only one
coffee class by computer processing and three by photo interpretation.
It is particularly interesting to note that the totals are reasonably
close by major class units. The urban arca, as composed of classes
derived from photo interpretation is 96.3 hectares while the urhan
classes tabulated by TANDSAT are 85.0 hectares. The majority of
this difference is directly tracecable to new urban construction
occurring after the LANDSAT data was obtained. A similar
relationship is seen in the comparison of 194.4 hectares for the
photo interpretation to 219.6 hectares for the satellite. TFurther
such comparisons for more districts and with more compatible data

would be an interesting exercise in the pilot project.

4.5 The Effectiveness of Remote Sensing for Urban Area Assessment

Urban areas everywhere in the world share a set of conditions
which bear upon the problem of mapping, storing, manipulating and

using land use data. Three problem areas are frequently encountered.

1. Parcels in a particular use are much smaller than
ordinarily found in rural areas. A large map
scale is thus required to show essential detail.



LANDSAT AND PHOTO-INTERPRETATION
COMPARISON MATRIX

URBAN NON-URBAN
& o 5 &
3 X Q°J &
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D SO c.Q?-.;\b Q.9 o N
¢ T T g < &
LQ‘Q e N\ XN\ ‘b(o’\q\) & ~3 N
PHOTO L Lo S & & BN
INTERPRETATION Q QY9 VS ® ® ) A
Cormercial,
(12) Services X 43 \
(16) Institutions X |5 \
High Density N I
- (113) Residential X 28.6
<
m Med. Density
x (112) Residential X 14.0 96.3
D o e e ————— s d e - - o
Commercial,
(15) Industrial X 8.4
(13) Industrial X 304
Utilities, A o
(14) Transport X 9'
(221) Coffee X 52.9
Viable o
z  (1721) gofree X (1.0
m
Abandoned
g (1731) "roftee X X 648
I - B 1944
bandoned X
S (73 "Gier x || 13.0
=z -
(174) vacant X 483
(171) Recreation X 4.4
TOTAL HECTARES 129 423 184 114 | 111.0 1086 ]| 3046
\/l ~
85.0 219.6

Figure 4-23 ,
LANDSAT and photo interpretation comparison matrix’
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2. Dynamic economic forces present in the city tend
to cause rapid change in the land use of a parcel.
Significant is an economic pre-cemption order
which gives prefercence to the most intensive use;
residential land is often pre-empted by commercial
usage.

2. Only in the city is there a multiplication of surface
space in the form of multi-story buildings where,
frequently, higher order uses command ground floor
space and lower value uses occupy the upper floors.

These characteristics bear on urban land-use studies by:

1. Either requiring inordinately expensive and
perishable studies

orxr

2. Discouraging urban planners from undertaking them,
or if they do, from maintaining their currency.

Even in developed countries, and in planning agencies in particular,
the obstacles to maintaining such maps arc so formidable that few
cities do so. The arrival of recently developed remote sensing
techniques, however, has spurred several attempts to remedy this
situation. Statute laws (in the United States) have further
required that land-use inventories be developed and maintained.

The possibilities of using satellite data with its relatively low

cost for repetitive coverage, has become quite attractive.

The first problem is to determine a realistic and appropriate
urktan land-use mapping system. Once this has been done attention
must be paid to another group of constraints which are peculiar to

the city they are:

1. Scale: A large base map scale is required to indicate
with precision the variety of uses found in a typical
urban core area. This especially so if diverse uses
are found at different levels in multi-story buildings.
A smaller scale, however, may suffice over large areas
of homogeneous land use, such as residential, nearer
to the periphery of the city.

101



2. Accuracy of Classification: Accurate classification
is often difficult through use of aerial photography
where only the rooftop may be seen; oblique photographs
are useful as a support. Observation from the ground
is the most accurate, although not necessarily the
most cost-effective.

3. Accuracy of Placement of a Land-Use Polygon on a Map:
From ground observation, where only the street
front of a land use is visible, it is difficult to
know the areal extent of a land use. Here, remote
sensing has an advantage.

4, Area Measurement: Accurate measurement of a land use
is a function of how accurately it is placed on a
map, if not measured directly from the original
photography or satellite data.

5. Land-Use/Parcel Owncrship Conflicts: Lack of agreement
exists on the relationship between ownership and its
use. Data on land, by parcel ownership, is often
available as part of a tax assessor's record. When
there is more than one land use per parcel, the
data do not describe the real nature of use.

Acting as a balance to these problems are several characteristics
of land use in the city which may be used to advantage by the planner.
The most general is that order does exist in the urban landscape.

Land use does follow reliable, replicative patterns simply because
man reacts universally to universal socio-economic and political
stimuli. Highest value lands, and usually the tallest buildings,
are located at the point of createst accessibility; industries
locate along transportation arterials, and so on. A positive
correlation is also observable between building morphology and

the function it serves. 1In short, the city has a number of
distinctive signatures and these replicate from one city to another,
certainly within a single culture. Thus, the analyst who employs
remote sensing as a tool can count on certain recurring patterns.
Accordingly, "ground truth" samples serve well to make land-use

identifications in similar urban situations.

In the city, as elsewhere, there exists the full range of data
sources for conducting land-use studies. At the simplest level
there is the direct visual observation of land use and its recording

on a map. This may be done on foot or by vehicle ("windshield
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surveys"). Then, in remote sensing there are several scales of
aerial photography and both visual and computer processed digital
data from satellite. Each approach has certain advantages and
disadvantages. When the needs of a particular city are examined,
the suggestion may be made that a combination, a multi-sensor,
approach might be the most desirable. In the San Jose, Costa Rica
instance, detail in the o0ld central city can only be obtained

by direct observation and a mapping on a building-by-building
basis. For other areas of the city, large and even small scale
photography <f sufficient resolution quality would seem to serve
well. For ygeneral views, visual satellite data has a place and
for a growth monitoring system, at a sufficient level of detail,

the computer processing of satellite data would best be used.

A discussion of land-use classification relative to the
levels prescribed by Anderson, et. al. (1976) inevitably leads
to the controversy, mentioned earlier, between the physical
morphological characteristics of the urban landscale and
function land use. Disregarding Level I where all "urban" is
but a single class, the limits of aerial photography and digital
data may be probed. As demonstrated in the examples in this
section, Levels I, II, III and IV are all identifiable from
the aerial photography used in the project. The most significant
point to make is that detail is available where it is needed,
namely in the dynamically changing rural-urban fringe arca. The
fine detail required in the central city, where the largest possible
map scales and direct visual observations must be used, is not at

issue here.

Nor must the potential detail in satellite digital data be
ruled.out. While the system does not provide the same level of
detail in functional land-use classification, detailed information
on the spectral characteristics of various urban land covers within
the city has enormous potential use. Some of the data (of the
spectral classes) which has been discarded may very well have value
in such physically related problems as urban hydrology and micro-

climatology. Some of this information, if it were to be placed
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in context of the levels of functional land use, would fall

within Levels III or IV. For the most part these are moot

points;

the Anderson classification system was designed to

treat visual, not spectral, data.

The best estimate of effectiveness of the use of remotely-

sensed data as applied in the urban demonstration project is:

The aerial photography, especially the larger
scale, is ideally matched to the classification
scheme and base map scale adopted. Photography
of a larger scale would represent an unnecessary
cost: smaller scale photography with the same
camera/film/filter system would not provide
sufficient detail. Camera systems with higher
resolutions could be employed, although usually
at greater cost.

Natural color photography is generally the most
useful since the interpreter does not have to
"translate" signatures. The slightly greater
amount of atmospheric haze is of little consequence
at the low altitude at which the larger scale -
photographs are taken.

Cclor infrared has its greatest utility in urban
land-use mapping at the edge of the city, where
distinction is attempted in scarching for degrees
of difference in active and abandoned agricultural
land.

Computer~processed digital data from LANDSAT has

the immediate utility of making a sufficiently sharp
distinction between urban and rural land uses to

be able to demarcate the edge of the city, and
therefore permits change detection and monitoring

of growth. It most cases, the resolution is
adequate for the purposes intended.
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5.0 A COST-EFFECTIVENESS COMPARISON

Before any effective resources management or regional

development plan can be formulated, it is obviously necessary
" to,have at least some idea of what is to be managed or developed,

its lo~ation, extent, and current condition. Unfortunately, in
most tropical areas of the world, this information base is
incomplete, often several years out of date, and may be of
questionable accuracy and reliability. This is a direct result
of limited budgets for resources survey and data gathering
activities, a scarcity of trained professional personnel, and
the constraints of weather. Remote sensing from aircraft or
spacecraft, with its promise of rapid and inexpensive data
collection over large areas, offers a possible solution to this

information problem.

The objective of any natural resource inventory or survey
operation is to provide a decision-making agency with more
complete, more accurate, and/or more reliable information
concerning the resource base and its condition than was originally
available. This information is then of economic value to the
extent that it enables the user to reach a "better" and more
informed decision than he could in its absense. If the resource
is a dynamic or endangered one, changing rapidly with time, the
user may need repetitive data at frequent intervals. If small
changes may have major economic significance in certain areas,
high resolution data may be required. In any event, the nature
of the resource problem and the level of management intensity
desired will define the type, quantity, and freguency of information

that must be generated.

One objective of the Costa Rican "demonostration" project
was to determine the relative cost-effectiveness of alternative

approaches to:

Monitor the forest resources of Costa Rica

Monitor the impact of urban sprawl on aaricultural
resources. '
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These are obviously separate requirements, with separate constraints
on resolution, repetitive coverage, and similar factors. The
investigation was made somewhat more difficult in that final
"desired" map scales could not bhe specified in advance by the

user agencies. An additional objective of the demonst.ation

project was then to determine what might be practically produced

in Costa Rica and, through conferences with the respective aocencies,
determine which product type might be most useful in terms of current
GOCR objectives and ability to utilize and act upon the information

presented.

5.1 Forest Resource Assecssment

The principal technical conclusions regarding the effectiveness
of remote sensing technology for forest sector assessment in Costa

Rica were:

l. A Level I forest and vegetation cover map series
at a scale of 1:200,000 is required by the
Forestry Department for regional resource assessment
purposes.

2. Such a map may be compiled at an acceptable level
of accuracy from medium scale aerial photography
or from digitally analyzed LANDSAT satellite data.
Visual interpretation of satellite imagery cannot,
by itself, produce a forest cover map of sufficient
accuracy.

3. An annual or bi-annual update of such maps is
highly desirable.

4. If intensive forest management is an objective of
the GOCR, then the existing 1:50,000 scale
topographic maps will form an excellent information
base. TForest stand information at Levels II, III
and IV may be compiled at this scale.

5. Forest stand information at Levels II and IIT is
readily obtained from aerial photography at
acquisition scales of 1:20,000 to 1:50,000.
Level IV data may typically be obtained from
1:20,000 or larger scale photography when
supplemented by intensive dground survey.
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6. Natural ceclor photoaraphy is nreferred at lower
altitudes (larger scales). Color infrared is
preferred at higher altitudes. 1In terms of
information content, both are superior to pan-
chromatic photography of cegual scale. Multi-
spectral photocraphy is not recommended for
operational use at this time.

7. Digitally analyzed LANDSAT satellite data is
marginally acceptable for forest stand
information at Level II in Costa Rica and in
general unacceptable at Levels III and 1V.

The principal forest sector data requirements in Costa Rica,
neglecting for the moment any requirements for frequency of
updating, are then Level I forest cover maps at a scale of
1:200,000 and approximately Level III maps at a scale of
1:50,000.

5.1.1 Level I Forest Resource Maps, 1:200,000 Scale

Level I maps at this scale may be produced directly from
LANDSAT satellite data in digital form or through manual inter-
pretation of panchromatic or color infrared (CIR) photography
acquired at a scale of 1:40,000 or from natural color photography
acquired at a scale of 1:20,000. The 1:4n,000 acquisition scale
requires a flying height of 20,000 feet above terrain when a
typical mapping camera is used with a six-inch lens. This is
well within the range of equipment currently available in Costa
Rica. Natural color photography is normally attempted at high
altitudes only when atmospheric haze is not expected to present
a problem. Conditions in most tropical areas of the world limit

its use to altitudesof about 10,000 feet, or a scale of 1:20,000.

Data collection, processing, analvsis and draft map compilation
costs for each of these alternative approaches are summarized in
Table 5-1. Parameters used to arrive at these costs are presented
in Table 5-2. At this level of detail, there is no major difference

in final product accuracy between these alternatives. If anything,
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LANDSAT fan CIR Color
(Digital) (1:40,000) (1:40,000) (1L:20,000)
1/
Data Collection Costs $200 $3,400 $8,000 $15,600
(34,000 Km? area)
Data Processing 2 6,300 900 2,000 4,600
Interpretation/Analysis 1,500 2,600 2,600 5,300
Compilation 3/ 1,600 1,£00 6,500
Totals $8,000 $9,300 $14,200 $32,000
w/
Data Collection Time Nil 8 Days 9 Days 18 Days
5
Draft Map Production Time 0.5 Months 6 Months 6 Months 19 Months

1/
2/

3/

v/
5/

Does not include ground data collection and field checking costs, common to each alternative

Costs to generate and compile working draft map at 1:200,000 scale.
drafting, scribing or other costs of

Does not include final
"inal production common to each alternative.

Compilation included as part of data proce551ng
1:200,000 sca'e.

Assumes weather is not a factor in data collection.

Product outnut is line printer map at

Includes interpretation/analysis and compilation time only.
and shipping time would be additional.

Data collection, processing,

COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL I FOREST
RESOURCE DATA IN COSTA RICA AT 1:200,000 SCALE

Table 5-1:
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LANDSAT

Data Collection: cuvw $ 200
Data Processing: @ 48¢/mi?%; 13,127 mi? 6,300
Interpretation/Analysis/Compilation 1,500
$8.,000
Pan, 1:40,000

Data Collection: 1,650 hours + 225 frames/250 feet roll

8 rolls @ $122.03 + $5 shipping/roll $1,016

1 ea. 4-hour mission/film roll for cloud-free

photography
8 missions = 32 hours @ $1n0/hr for GOCR
aircraft and crew 3,200

Data Processing: @ 40¢/ft, 250 ft x 8, plus $10 shipping/roll 900
Interpretation/
Analysis @
1:40,000: 1,550 frames 8 3 frames/hr

550 hours @ $4.80 (composite GOCR rate) 2,600
Compilation @
1:50,000,
Transferred to
1:200,000: 1,650 frames @ 3 frames/hr

550 hours @ $2.90 (GOCR rate) 1,600

$9,300

Table 5-2: COST PARAMETERS, LEVEL I- FOREST; 34,000 Km? AT 1:200,000
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CIR, 1:40,000
Data Collection: 1,650 frames <+ 200 frames/200 £t roll

9 rolls @ $4 0.51 + $5 shipping/roll $4,370
1 ea. 4 hr. mission/film roll
9 missions = 36 hours @ $100 3,600
Data Processing: @ 94¢/ft, 200 ft. x 9 plux calibration and
shipping @ $30/roll 2,000
Interpretation/
Analysis @
1:40,000: 1,650 frames @ 3 frames/hr
550 hours @ $4.80/hr _ 2,600
Compilation @
1:50,000,
Transferred to
1:200,000: 1,650 frames @ 3 frames/hr
550 hours @ $2.90/hr 1,600
$14,200
Color, 1:20,000
Data Collection: 4,450 frames <+ 125 frames/125 ft roll
36 rolls @ $227.22/roll + $5 shipping $8,360
1l ea 4-hr mission/2 film rolls
18 missions, 72 hrs @ $100 7,200
Data Processing: @ 94¢/ft, 125 ft x 36 4,230
Shipping @ $10/roll, x 36 360
Interpretation/
Andlysis @
1:20,000: 4,450 frames @ 4 frames/hr
1112.5 hrs @ $4.80/hr ‘ 5,300
Compilation @
1:25,000,
Transferred to
1:200,000: 2,225 hrs, @ $2.90 6,500
$32,000

Table 5-2: COST PARAMETERS, LEVEL I - FOREST; 34,000 Km? AT 1:200,000
{(Continued)



maps based on LANDSAT data at this scale would tend to be more
accurate overall as the data are acquired at one instant in time,
wherecas the vagueries of weather in tropical areas may mean that
scveral months might elapse between the dates of the first and

last aerial photograph.

Data collection and draft map production time assumes one
tecam working continuously on a project. LANDSAT data is assumed
processed in the United States, although it may be feasible in

the future to process such data directly in Costa Rica.

If weather and cloud cover problems are experienced similar
to those recently encountered in Costa Rica on the demonstration
project, then the total time raquired for data collection and
map production may well be twice that shown herz, or more. 1In
this event, an approach based on LANDSAT satellite data may not
only be the least expensive, it may be the only alternative capable
of providing annually or bi-annually updated information for the

nation.

It should be specifically noted that total costs incurred
and time required to produce 1:200,000 scale maps for a 34,000
km? arca in Costa Rica will be substantially in excess of that
shown here. Costs presented here are variable costs associated
with alternative techniques of remote sensing, assuming equally
perfect conditions for each alternative. "Fixed" costs, that
will be incurred regardless of technique used, are often signifi-
cantly greater than the variable costs. Accurate prediction of
total costs involved in an operational nation wide program should

be possible after completion of the currently-planned pilot project.

Aerial photography at scales of 1:20,000 to 1:40,000 may and
certainly should be used for many purposes other than the production
of 1:200,000 maps at Level I detail. Accordingly, an araument may
be made that the cost of data collection and processing, at least,
should be spread over several "user agencies" and not included in
total in this comparison. The Forestry Department in Costa Rica

does, however, have a definite requirement for 1:200,000 scale maps
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of this type. If satellite data is unavailable, they must be
prepared from aerial photography. In the absence of a firmly
stated requirement from another agency for aerial photography

of similar type, guality and scale over the same land area, then

. the total cost of photo data collection and processing must be

allocated against this one requirement.

5.1.2 Level IITI Forest Management Maps, 1:50,000 Scale

As a genecral rule (and there will be exceptions), LANDSAT
data is not sufficiently detailed to be directly used as the sole
data source for a Level III forest/vegetation analysis at 1:50,000
scale. Where a reguirement exists for 1:50,000 scale mapping at
this level of detail, aerial photography of some form must be
used. Given an appropriate sampling design, it is often possible
to use a mix of satellite and aircraft data in a "multistage

sampling” approach. While this will be evaluated during the pilot

project stage in Costa Rica, it was beyond the scope of the

demonstration experiment.

Level III maps at 1:50,000 scale may be produced equally well
and at comparable levels of accuracy through manual interpretation
of CIR photography acquired at 1:40,000 scale, color photography
at 1:20,000 scale, or panchromatic photography at 1:20,000 scale.
The smaller scale is possible with CIR material, as opposed to
color, due to its superior haze penetration ability. Similarly,
CIR film displays nearly twice the spatial resolution possible
with the standard panchromatic Plus-X Aerographic film. If haze
is not a problem, then at equal scale and spatial resolution
color film will provide substantially more detail and information
than panchromatic film. Interpretation and analysis of forest
resources at Level III can be performed satisfactorily with
1:20,000 scale panchromatic film, but substantially more inter-

pretation time will be required than when color films are used.
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Data collection, processing, interpretation and draft map
compilation costs for each of these alternative approaches (CIR,
color, and wan) are summarized in Table 5-3. Parameters used
to arrive at these costs are given in Table 5-4. As in the Level
I comparison, weather is assumed not to be a constraining factor

on data collection.

It is immediately evident from these data that color infrared
photography at a scale of 1:40,000 would be the preferred choice.
Although LANDSAT data was not included here as a "stand-alone"
alternative, one point is worth mentioning. If LANDSAT diuital
data has been collected and processed to produce 1:200,000 scale
maps, then the marginal cost to product 1:50,009 scale maps (or
for that matter, maps at 1:25,000 scale) would be quite low,
typically on the order of $2,000 or less, and thev could be
produced in a few days time at most. While these mans would not
be at Level III detail, they would provide a great deal of
information at this scale in a very short period of time at low
cost, and would in general be sufficiently detailed to detect
.. and monitor small changes in general forest condition. Supplemental
aerial photography would normally be required to identify the change
agent or for any in-depth analysis. Such an approach might well
be appropriate for consideration in Costa Rica. This will be

examined in detail during the pilot project phase.

5.2 Urban Impact Assessment

The principal technical conclusions regarding the effectiveness
of remote sensing technology for urban area/urban impact assessment

in Costa Rica were:

l. A map at Level I/II detail and 1:50,000 scale
is desired by INVU to evaluate the direction
and rate of growth of urbanization in the
Meseta Central.
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Data Collecticn Costs
(34,000 Km? area)

Data Processinc

Interpretation/Analysi

Compilation .
Totals

Data Collection Time

Draft Map Production Time

Table 5-3: COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL III FOREST
RESOURCE MANAGEMENT DATA IN COSTA RICA AT 1:50,000 SCALE

Pan

(1:20,000)

$8,100

2,200
21,400
12,900

$44,600

14 Days

51 Months
(4.3 Years)

CIR

(1:40,000)

$8,000

2,000
5,300
3,200
$18,500

3 Days

13 Months
(1.1 Years)

Colorxr

(1:20,000)

$15,600

4,600
10,700
12,200

$43,800

18 Days

38 Months
(3.2 Years)
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Inappropriate as a sole data source at Level III

Pan, 1:20,000

Data Collection: 4450 frames + 225 frames/250 feet roll

20rolls @ $122.03 + $5 shipping/roll $2,541
1l ea. 4-hour mission/1.5 film rolls ’
14 missions, 56 hours @ $100 5,600
Data Processing: @ 40¢/ft, 250 ft x 14 plus $10 shipping/roll 2,200
Interpretation/
Analvysis @
1:20,000: 4,450 frames @ 1 frames/hr :
4,450 hours 2 $4.80 (composite GOCR rate) 21,360
Compilation @
1:25,000,
Transiecrrea to
1:50,000: 4,450 hrs @ $2.90 12,905

$44,600

Table 5-4: COST PARAMETERS, LEVEL III - FOREST; 34,000 Km?2 @ 1:50,000



CIR, 1:40,000

9T1

Data Collection:

Data Processing:

Interpretation/
Analysis @
1:40,000:

Compilation @
1:50,000:

Color, 1:20,000

Data Collection:

Data Processing:

Interpretation/
Analysis @
1:20,000:

Compilation @
1:25,000,
Transferred to
1:50,000:

Table

1,650 frames + 200 frames/200 ft roll
9 rolls @ $480.51 + $5 shipping/roll
l ea. 4 hr. mission/film roll

9 missions = 36 hours @ $100

@ %4¢/ft, 200 ft. x 9 plux calibration and

shipping @ $30/roll

1,650 frames @ 1.5 frames/hr
1,100 hrs @ $4.80/hr

1,650 frames @ 1.5 frames hr
1,100 hrs @ $2,90

4,450 frames + 125 frames/125 ft roll
36 rolls @ $227.22/roll + $5 shipping
i ea 4-hr mission/2 film rolls

18 missions, 72 hrs @ $100

@ 94¢/ft, 125 ft x 36
Shipping @ $10/roll, x 36

4,450 frames @ 2 frames/hr
2,225 hrs @ $4.80/hr

4,450 hrs, @ $2.90

5-4: COST PARAMETERS, LEVEL III - FOREST; 34,000 Km? @ 1:50,000

(Continued)

$8,000

2,000

5,280

3,190

$15,600

10,680

12,905

$18,500

$43,800



2. Annual or bi-annual updates of such maps would
be required.

3. A base map at Level III/IV detail and 1:25,000
scale is required by INVU for urban planning
and assessment in built-up areas and to
evaluate in detail the impact of urban sprawl.

4. Such maps do not require complete revision or
updating on an annual or bi-annual basis.
Detection of signficant changes at this scale
and frequency would be desirable.

The principal urban sector data requirements in Costa Rica
are therefore Level. I/II maps at a scale of 1:50,000 on an annual
or bi-annual basis in urbanizing regions and for Level III/IV maps
at a scale of 1:25,000 for use as a planning base, with periodic,

but less frequent, upda:ing.

5.2.1 TLevel I/IT Urban Maps, 1:50,000 Scale

Level of detail required is difficult to specify in the urban
use case, as both physical size and relative importance of objects
of interest vary substantially from the central city to outer
fringe areas. In some areas, Level I detail will be sufficient.
In others, Level II will be highly desirable. Maps for this
purpose and at these levels of detail may be produced from
LANDSAT digital data, from color infrared photography at 1:40,000

scale, and from color or panchromatic photography at 1:20,000 scale.

As a general rule, aerial photography is seldom attempted
solely for purposes of urban area assessment. A single photograph
at a scale of 1:40,000 will cover almost the entire urban area of
San Jose, Costa Rica. For this reason, urban studies typically
nake use of photography collected for other purposes or attempt
to obtain their photos through low-cost add-ons to other programs.
For cost comparison purposes here, it is assumed that the urban
sector bear the full cost of its data collection and processing

needs. In practice, this would seldom be the case.
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Data collection, processing, interpretation and draft map
compilation costs for each of the laternative approaches considered
here are summarized in Table 5-5. Parameters used to arrive at
these costs are presented in Table 5-6. As with the forest sector
" calculations, costs of ground operations and similar support costs
are not included here. At this level of mapping detail, there is
no major difference in average accuracy of the final product,
although accuracy of identification may vary from point to point

with specific targets.

Based on these data, even with a reguirement for annual
updating, use of the LANDSAT satellite for urban assessment
at 1:50,000 scale would not be cost-effective. Given equal
costs for programs based on color and on panchromatic films,

the choice would lie with color photography on technical grounds.

If LANDSAT data is being collected and processed for other
purposes on a larger area that includes the urban area of interest,
such that the urban sector study does not have to bear the minimum
collection, processing and analysis costs, then LANDSAT may be
‘a realistic alternative for urban assessment in Costa Rica.
Similarly, if regional evaluations of urban impact on scales
smaller than 1:50,000 are desired, LANDSAT may have a role to
play. Both of these factors will be examined in more detail in

the pilot project.

5.2.2 Level III/IV Urban Maps, 1:25,000 Scale

LANDSAT data is not sufficiently detailed to be directly
used as the sole data source for Level III/IV mapping in Costa
Rica. As with the forest sector, a multistage approach using
both satellite and aircraft data may be feasible, although it
seems less likely in the urban case. This will be investigated

in more detail on the pilot project.
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Data Collection Costs

(130 Km® area)

Data Processing

Interpretction/Analysis

Compilation ‘
Totals

Data Collection Time

Draft Map Production Time

Table 5-5:

LANDSAT
(Digital)

$200

2,000
1,500

$3,700
Nil

0.5 Months

Pan
(1:20,000)

$300

100
. 300
. 300

$1,000

1 Day

2 Months

CIR
(1:40,000)

1 Day

1.1 Months

Color
(1:20,000)

1 Day

1.5 Months

COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL I/IT
URBAN DATA IN COSTA RICA AT 1:50,000 SCALE
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LANDSAT

Daca Collection: (CCT)
Data Processing: (Typical Minimum Cost)
Interpretation/Analysis/Compilation:

Pan, 1:20,C00

Data Collection: 22 frames, 1 ea 250 ft roll @ $122.03°
Plus $5 shipping
1l ea 2-hr mission @ $100/hr

Data Processing: @ 40¢/ft, 250 ft, Plus $10 shipping

Interpretation/

Analysis @

1:20,000: 22 frames, @ 3 frames/day
59 hrs @ $4.80

Compilation @

1:25,000,

Transferred to

1:50,000: - 22 frames @ ‘2 frames/day
88 hrs @ $2.90

Table 5-6: COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL I/1I

URBAN DATA IN COSTA RICA AT 1:50,000 SCALE

$

200
2,000
1,500

327

110

283

$3,700

$1,000
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CIR, 1:40,000

Data Collection: 6 frames, 1 ea 200 ft roll @ $480.51

Plus $5 shipping
1l ea 2-hr mission @ $100/hr $686

Data Processing: @ 94¢/£ft, 200 ft plus calibration

and shipping @ $30/roll 218

Interpretation/

Analysis @
1:40,000:

6 frames @ 0.5 frames/day
96 hrs @ $4.80 461

Compilation @

1:50,000:

6 frames @ 0.5 frames/day ..
96 hrs @ $2.90 278

Color, 1:20,000

vata Collection: 22 frames, 1 ea 125 ft roll @ $227.22

Data Processing: @ 94¢/ft, 125 ft, Plus $10 shipping 128

Plus $5 shipping
1l ea 2-hr mission @ $100/hr $432

Interpretation/

Analysis @
1:20,000:

22 frames @ 4 frames/day.--
44 hours @ $4.80 211

Compilation @

1:25,000,

Transferred to

1:50,000:

22 frames @ 2 frames/day
88 hrs @ $2.90 255

Table 5-6: COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL I/II
URBAN DATA IN COSTA RICA AT 1:50,000 SCALE
(Continued)

$1,700

$1,000



Level 1II/IV urban maps at 1:25,000 scale may be produced
equally well at comparable levels of accuracy through manual
interpretation of color infrared, color, and panchromatic
photography acquired at a scale of 1:20,000. Comments concerning
operational restrictions and relative difficulty of interpretation

between film types summarized in Section 5.1.2 apply here as well.

Data collection, processing, interpretation, and draft map
compilation costs for these three alternative approaches are
summarized in Table 5-7. Cost parameters are presented in Table
5-8. Based on these data, color aerial photography would appear
to offer the most cost-effective alternative, primarily due to

its superior interpretability for urban purposes.
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Data Collection Costs
(130 Km? area)

Data Processing
Interpretation/Analysis
Compilation

Totals

Data Collection Time

Draft Map Production Time

Table 5-7:

Pan
(1:20,000)

$300

100
600
300

1 Day

1.2 Months

CIR
(1:4n0,000)

$700

200
400
300

1 Day

1.0 Month -

Color

(1:20,000)

$400

100
439
300

1 Day

1.0 Month

COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL III/IV
URBAN DATA IN COSTA RICA AT 1:25,009 SCALE
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LANDSAT

Inappropriate as a sole data source for this usage

Pan, 1:20,C00
Data Collection:

Data Processing:

Interpretation/
Analysis @
1:20,000:

Compilation @
1:25,000:

22 fremes, 1 ea 250 ft roll @ $122.02 $327
Plus $5 shipping '
1 ea 2-hr mission @ $100/hr

@ 40¢/ft, 250 ft, Plus $10 Shipping 110

22 frames @ 1.5 frames/day
117 hrs @ $4.80 562

22 frames @ 2 frames/day
88 hrs @ $2.80 255

Table 5-8: COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL ITI/IV

URBAN DATA IN COSTA RICA AT 1:25,000 SCALE

$1,300
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CIR, 1:20,000
Data Collection: 22 frames, 1 ea 200 ft roil
Pius shipping
1l ea 2-hr mission $686

Data Processing: @ 94¢/ft, 200 ft Plus calibration

and shipping 218
Interpretation/
Analysis @
1:20,000: 22 frames @ 2 frames/day

88 hrs @ $4.80 7 422
Compilation @
1:25,000: 22 frames @ 2 frames/day

88 hrs @ $2.90C . 255

$1,600
Color, 1:20,000

vata Collection: 22 frames, 1 ea 125 ft roll @ $227.22

Plus $5 shipping

1l ea 2-hr mission @ $100/hr $432
Data Processing: @€ 94¢/ft, 125 ft, Plus $10 shipping 128
Interpretation/
Analysis @
1:20,000: 22 frames @ 2 frames/day '

88 hrs @ $4.80 422
Compilation @
1:25,000: 22 frames @ 2 frames/day

88 hrs @ $2.90 255

' $1,200

Table 5-8: COMPARISON OF ALTERNATIVE APPROACHES TO PRODUCE LEVEL III/IV
- URBAN DATA IN COSTA RICA AT 1:25,000 SCALE
(Continued)



6.0 DEMONSTRATION AND WORKSHOP DESCRIPTION

During the week of February 20, 1978 a demonstration of the
remote sensing techniques used, products derived, and conclusinns
reached concerning natural resources survey in Costa Rica was
presented in San Jose, Costa Rica. This served to bring the results
of the project directly to the individuals involved and then, through
interaction between the Costa Rican professionals and RDA personnel,
to develop a future course of action regarding the Costa Rican
resource problem by better defining actual needs and ways in which

remote sensing technology might meet these needs.

The workshop consisted of two major sections. The first day

of the two-day program was devoted to presentation of detailed
illustrated lectures covering methods and techniques. One segment
covered the interpretation of aerial photographs for mapping land
uses, techniques of map compilation, and methods of making area
mecasurements of land-use polygons. Another segment dealt with the
basic characteristics of the LANDSAT satellite, how it acquires

-and transmits data, how these data are analyzed with the aid of
computers, and specific applications to Costa Rican resource-related

problems.

On the second day of the workshop, the participants of the
urban land use sector engaged in a "hands-on" interpretation of
aerial photographs (see Figure 6-1). Practical experience was
gained with natural color and color infrared transpavencies, data
not heretofore available in Costa Rica. Certain problems were
emphasized, such as discerning stages of abandonment of coffee
plantations on the city periphery. Costa Rican and RDA participants
cooperated in an attempt to resolve problems of application of the
classification system to various maps scales and to determine the

optimum minimum mapping units which would best serve local needs.

The forestry sector particivants discussed data formats,
costs, and specific cases for aerial photeographic and satellite
imagery use. The scale format for the LANDSAT-derived forest cover

mapping was discussed, with Costa Rican foresters expressing the
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opinion that 1:200,000 scale may be optimum for forest mapping
at this time. This, and other points that have been incorporated
into the conclusions and recommendations portion of this report,

was a valuable result of the demonstration and workshop.

In addition to the workshop, two evening presentations were
made, in which a broad overview of remote sensing and the project
in Costa Rica was presented to GOCR officials and the general
public. These presentations served to broaden public awareness
of resource and development problems existing in Costa Rica and
provided insight into investigations designed to aid the government

in alleviating these problems.
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APPENDIX A

SPECTRAL SIGNATURE DATA



This appendix contains examples of three differen* types of
formats of spectral signature classes used in training and
classification of the LANDSAT digital data. The first five
figures represent the plotting of the raw digital counts for
~each of the bands in each training class for the supervised
training session. These raw counts correspond to relative
energies returned to satellite sensors. The plotting technique
that was used was to plot the mean and one standard deviation
about each mean and then enclose the one standard deviation
points to form an envelope. This allows the user to examine
the training classes that he has formulated and spot potential
conflicts between classes and also allows him to identify
unsupervised training classes of they are taken. Important
points to note are that although all of the spectral signature
envelopes for the forest classes have varying responses in the
infrared, the general signature or shape of the curve is the same.
The range classes and brushland classes differ from the forest

classes significantly.

The second set of spectral signatures represent only the

plotting of the means of each of the four bands for each of the

supervised training classes, and then the last chart showing
spectral signatures of the unsupervised training classes and how

they were interpreted.

The final set of four graphs were plotted by the computer
showing comparisons of classes betwecen bands 2 and 4, bands 1 and
3 and bands 1 and 2. Band 1 and 2 comparison shows that there
were tremendous areas of overlap on most of the classes. The
difference between bands 1 and 3 are shown to differ more widely
and the differences between bands 2 and 4 are shown to
differ the greatest. The last two charts show how poorly grouoed
classes will appear in this type of representation. Groups such
as found in these last two charts should signify that poor classes
have been drawn and considerable confusion will probably result in

the final classification.
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