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No comprehensive review of current research dealing with land
use surveys involving orbital remote sensing techniques has been published
since Nunally (1974) considered investigations up to 1972. The reviewtreats
techniques of preprocessing, interpretation, classification and ground truth
sampling. It has shown up the need for a low-cost, low=level technology,
viable, cperatiocnal methodology to replace the emphasis given in the U.S.A.
to machine processing, which many developing countries cannot afford, under-
stand nor implement. Such a proposed methodology will be given in the final
contractors report, to be submitted to NASA in October 1976.

(A11 references in this paper can be found in the bibliography of the final
contractor's report)
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REVIEW OF LAND USE SURVEYS USING ORBITAL IMAGERY /a/ TAE (U S.A.

INTRODUCTION

As far as can be ascertained, no comprehensive review of current
research dealing with land use surveys involving orbital remote sensing
techniques has been published since Numnally (1974) considered investigation
up to and including 1972. His article included details of rese..~h that
only involved preliminary assessment of Landsat data. Therefore, it is
apparent that this type of review is presently necessary in order to bring
together the main "threads" of world-wide research but it is beyond the
scope of this present study to detail all of the wide-ranging applications
that have emerged during the last three years. The major consideration
will involve the utilization of imagery obtained from orbital multi-spectral
scanners in small scale rural land use surveys in developing countries,
However, in order to aveid the confusion that often occurs in current
termirology it is necessary to indicate the precise meaning of land use
surveys in the context of this research.

SMALL SCALE RURAL LANDUSE SURVEYS

The term '"small scale rural land use survey'" refers to the grouping
of the spatial distribution of land use into distinct categories at a
particular time. Due to the small scale (i.e. 1:200,000 or smaller), urbam
areas may be distinguished but are usually not examined in depth. The majer
emphasis is placed on the uses to which man assigns various parts of the
rural areas. The overall aim is not 60 produce a detailed description of
all the items that give a certain region its particular character or try tc
offer a detailed explanation of the factors affecting the spatial distribution
of land use both within and between different parts of the region.
Generalised land use categories are determined rather than a complete enumera-
tion which normally involves the detailed %ollection and description of land-
use characteristics in terms of type and areal extent. Thus, the final
small scale rural land use map is a generalised cartographic representation

of the ways in which men has utilised the surface of the earth at a
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particular time and these uses have been influenced by the interaction of
environmental, technological, economic, social and political factors but
no attempt is made to explain the extent of this interaction.

The level of accuracy of interpretation of land use from orbital
imagery is a function of the type and quality of imagery, scale, spatial
resolution, time of acquisition and the interpreter's knowledge of the
area. These, in turn, affect the complexity of the land use classification
system that can be used and, in fact, affect the whole nature and approach
of the survey. The dominant purpose behind the production of small scale
rural land use maps is to produce rapid cartographic descriptions of large
parts of the Earth's surface. These maps may be used for a variety of
purposes such as the initial reconnaissance of ar area that has been poorly
mapped or, in other areas, as a record of the land use characteristics of
the region at a particular time. Consequently, there is a marked difference
between the small scale land use surveying techniques used in thig study
and those used in other types of land use surveys e.g. land use inventories,
integrated land systems surveys and landscape studies.

RURAL LAND UUSE INVENTORIES

The major aim of rural land use inventories is to carry out a complete
enumeration of all the land within a particular region. They provide
detailed information about the type, acreage and distribution of land use
that is essential for efficient regional planning and management but they
are time-consuming and expensive to produce. Originally, data were collected
by census interviews or field mapping as well as information obtained from
various statistical agencies, mail questionnaires, aad specific sample surveys.
Later, vertical aerial photographs were added to the data sources and
permitted the rapid location and quantification of ce:tain land use
characteristics (Coppock, 1763; Luney and NDill, 1770). Unfortunately, the

current level of automatic interpreta:ion and the relatively poor spatial
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resolution and subsequent small-scale mapping limitations of orbital
multi-spectral scanning imagery cannot provide the detailed information
required for land use inventory surveys. This is particularly obvious
with LANDSAT 1 and 2 data where spatial resolution is approximately 80
metres and the identification and classification of rural land use can only
be established under relatively broad categories with large fields and not
individual small fields or small holdings. However, orbital imagery can
provide valuable assistance in the form of rapid synoptic coverage of
large regions which cannot be achieved by conventional vertical aerial
photography. Many attempts have been made to develop computer assisted
automatic land inventory systems using orbital imagery with varying levels
of success. Roberts (1375) reports that considerable improvement in both
data acquisition and processing will be necessary before orbital MSS data
can be used operationally. The following references provide a general
cross-section of the nature of this type of investigation:-

Allen (1975), Bizzell et al (1975), Bankston (1773), Chase et al
(1974), Carlson et al (1974), Draeger and Benson (1972), Hall et al (1974),
Haralick and Shanmugam (1774) Hoffer (1975), Horton and Heilman (1973),2
Johnson and Coleman (1773), Jones, C. (1774), Kriegler et al (13972),
Lundelius et al (13973), Mooneyhan (1973), Mower (1972), Owen-Bones (1975),
Ratti and Capozza (1774), Richardson et al (1774), Roberts (1375), Savigear
(1975), sheiton (1974), Simonett (1974), Sweet and Pincura (1974), Thomson
(1973), Tunnetti and Montzer (1374).

INTEGRATED LAND SYSTEMS SURVEYS

An integrated land systems method was developed by the Australian
CeSeleReOs Division of Land Research in ordar to carry out preliminary
surveys of land resources in {|. Jorthern Territory, N.W. Queensland, the
northern part of Veseeen Australia dndPPapua (Young, 1373). Details about
the concepts of these surveys have been well-documented by Haantjens (1965)

and Christian and Stewart (1968). According to Blake and Paijmans (1973)
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a "land system" was initially defined as an area or group of areas throughout
which there was a recurring pattern of topography, soils and vegetation.
But, as the vertical aerial photographs became readily available they
became the major information source for the recognition and delineation of
the land systems. '"The recurrence of a number of (land) units within a

land system in a regular pattern gives rise to a distinctive pattern on

the aerial photograph'" (Christian and Stewart, 1768). The surveys have been
accomplished by a team usually consioting of a geomorphologist, plant
ecologist and pedologist who delineated preliminary land systems on the
basis of air photo interpretation which was followed by field checking.
After the field check, the data from the team members was integrated and
descriptions of the systems and their sub-systems (or land units) together
with an assessment of their capabilities and resources were published.

The C.S.I.R.0. integrated land systems approach due to its rapidity
and comparatively low cost has been adapted and used in a number of countries
and the British Directorate of Overseas Surveys Land Resources Divisions
use essentially the same method for planning agricultural development in
extensive, unsurveyed regions (Mitchell, 1973). Similar methods of landscape
evaluation have Leen developed in U.S.5.R. and Canada since World War II
but use different terminology.

A later adaptation of the C.S«I+R.0. method has been the landform
type method used in Zast Papua which places more emphasis on landforms and
rock types which are mapped by the geomorphologist mostly independently
from the plant ecologist. The same survey team structure is maintained as
well as the basic techniques using aerial photography and field data (Blake
and Paijmans, 1773). Uright (1772) also maintains that goemorphology can
provide the necessary classi”’ “ory framework which will permit the team
specialists to co-ordinate and extrapolate their f inding and he has
presented a detailed account outlining the principlas and problems involved

in devising the framework.
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Criticisms of the land systems approach have included the comments
that the technique of mapping patterns from aerial photographs is too
subjective as it mainly depends on the available field data and the bias
of the individual members of the survey teame Also the systems and sub-
systems defined by the survey team are not classifications in the strict
sense and do not rely on prescribed objective procedures for the grouping
of categories. This aspect, the critics claim, affects the reliability
of comparing land systems in one area with those in another area if they
have been determined by different survey teams. Another critigism of
this approach has been levelled at the concentration on the description
of the physical environment compared to the brief evaluation sections
which contain no economic analysis. Furthermore, Young (1377) reports
that the technique has been condemned by Davidson (1J65), also on economic
grounds, because he believed that the teams were collecting information
which was useless as an investment guide and, therefore, a waste of
government moneye. Young also discusses an argument that ecology should
replace geomorphology as the basis for resource assessment so that the
effects of development on the ecosystem could be predicted. But he agrees
that, although there is merit in this approach, the development of a
versatile survey nrocedure based on an ecological method has not yet
eventuateds Similsrly, Togers (1J)71) stressed the need for an ecological
approach to resource surveys but did not offer any advice on how it could
be implemented.

At the present time, it appears that orbital imagery has not been used
to any extent in integrated land system or landform type surveys. Howard
(1274) has stated that "the potential contribution 66 satellite imagery to
integrated surveys in developing countries is only beginning to be appreciated'.
He claims that the major problem has been due largely to the resolution and

small scale of the orbitil imagery and the difficulty of identification and
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he has proposed a list of hierarchical land-units that could be
incorporated in integrated surveys using orbital imagery.

The problem of identifying land units has been considered by van
Generen (1972, 1373) who suggested that meaningful boundary delimitations
can be made on orbital imagery using various image enhancerent techniquese.
These have bee: incorporated into an experimental procedure involving the
analysis of imagery using conventional visual photo-interpretation methods
and tested in the Murcia region of S.E.Spain.

SUMMARY

Overall, the integrated land systemsg surveys have nlayed an important
role in rapidly providing descriptions of underdevelopad regions. But,
the criticigms about which discinline should he emphasised e.ge. geomornhology,
ecology, economic and the subjective nature of the description of land
systems do not directly affact the noature of the delineation of boundaries
in small scale rural land use surveys being considered in this investigation.

The major concern is to identifv and classify the various ways in which

the surface of the land is being utilised at a particulsr time rather than -l

a complete enumeration or descristion of the region. ilovever, it is
interesting to note that Alexander (1)77) hers renorte] th:t the CARETS
(Central Atlantic Pegional Tcological Test Site) investipgators of the
Geogranhic Annlications Praeram, '1.S. fGeological Survevy have set un a basic
hypothesis of interdisciplinary regional analysis in which land use at
least in a highly developel region. is an indicator or resultant surface
expression of severnl interacting environmental processes. Also they claim
that of all the environmental an! socin economic nrocesses which contribute
to the surface patterns, land use is tlie one with data sets riost accessible
to Landsat sensorse On this basis, the CAPETS investicators helievae that
remote sensor derived data sets and land use should hecome the "basgic data

entry ‘nto a rapional information system to serve regional »lanners and

land managers'. They also believe that the dividing of LANDSAT data into
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sub-sets or photomorphic regions may provide a very economical sampling
strategy for selecting sites for more detailed measurements if many other
environmental variables nrove to be correlated with the similarity of
patterns on LANDSAT imagery.

The over riding nroblem in small scale land use surveys based on
orbital imagery appears to be the lack of a detailed methodolngy which
outlines the most satisfactory techniques that could be used in nre
precessing, interpretation, classification and the establishment of ground
truth and would be apnronriate for u-a by countries which do not possess
sonhisticated equipment. Consequently, it seems that the most logical
apnroach in reviewing the existing ''gtate of the art'" would be to consider,
in a general sense, a cross section of investigations and apnlications
that have been used in various studies around the world.

REVIEW OF RELEVANT UNITBD STATES RESEARCH

Ii TRODUCTION

Small scale 1md use surveys utilising MSS Landsat imagery has been
undertaken in many »arts of the worlid using a wide variety of techniques.
The maiority of thage surveys ave buoen carried out in the United States
or by "Inited States organisations on behnlf of forelgn government or
organisations. Wowever, the situation in the Unitel States is not typical

of the rest of the world, excluling lNorth Vestern Zurone. Most countries

have not had tha advantages of extensive and un to date background information

in the form of topogranhic mans, agricultural statistics services, existing
land ase maps and readily accessible aerial photography. Also, there has
been very active concern in the 'nited States, during the last decade or

8o, with the wide ranging efflfects of norulstion pressure on tlie environment,
including the encroachment of urban exn-nsion on rural areas, the intrusion
of recreation pursuits on relatively untouched regions as well as the many
forms of envirommental pollution. (Anderson & Hardy (1771, Bale and Bowden

(1977), Place (1277).
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This concern over the future of the envieenment has led to the
introduction of legislation at State and local government levels which
has either directly or indirectly, instigated a series of land use surveys,
(Braun et al, 1977; Nunnally, 1)74; Carlson et al, 1774). Furthermore,
since 1970, a number of legislative proposals at Federal government level
have been introduced including '"The Land Uge Policy and Plannkng Assistance
Act of 1)77" which aimed to develop and implement a natural land use
rolicy, in association with State and local bodies, which would incorporate
environmental, aesthetic, economic, social and other factords The Act was
not passed in the House of lenresentatives but it acted as a catalyst which
activated a lhost of investigations thoughout the country by Federal, State
and local govarnment organisations as well as many tertiary institutions
(Lindgren and Simpson, 1)77; Shelton and lardy, 1)74).

Some of tlhie main nroblams foreseen in the imnlamentntion of the new
Federal Act were the recording of the land use charatteristics so that
future planning could operate from a suitable base and the develonment of
a nethod which could rapidly monitor land use changes. With the launching
of PRTS 1 (LANDSAT) in July 1)72 a vast amount of environmental information
becrme available every 10 days and this led to a wide variety of Interpretationm,
clagsification and map making invastigations. Many of thase were essentially
comruter -based inventory technicuaes which have been discussed briefly in
Saction whare a broad range of articles on descrintions and criticisms
have been listed. However, most of these investigations have not reached
the operational stage.

GENEPRAL NOVIEY

A numbar of studies have invastizated the extent to whicli conventional
image interpretation and computer based analysgis teclinliques coul! be anplied
to LANDSAT data in order to detect, classify and measure the extent of land

use over lorge areas (Dornbach and McKain, 1)74; Brown et al, 1777, Wilms,
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197%,) But, as mentioned previously, one of the nims of this research is
to consider uncomnlicatad and inevnensive techninues that may be incorporated
into a methodnlogy that could be used in countrias which lack sonhisticated
equipment and highly trained staff. Therefore, the following discussion
will concentrate on presenting a general outline of n number of relevant
United States research prolect which have utilised LANDSAT data to nroduce
small scale ruml land use mons. However,as stated aarlier. many of the
nrocedures adopted in most of these studies cannot be annlied in other
countries because the 11,8. researchers have hnd the advantage of extensive
backgrourd material and in some cases, special high and/or low altitude
sub-orbital photogranhy was flown to coincide with the acquigition of the
orbital imagery. An attempt wi®l be made to outline the level and direction
of the nre-nrocessin:, interpretation, classgifllcation and ground truth
procedures adopted.

One series of investications in the Central Coastal Negion of
California by Estes, Thaman and Senger, Geogranhy Temote Sensing Unit,
Imiversitv nf Califsornia, Santa Barbara before and after LANDSAT imagery
hacame available has showm how small scale orbital and snircraft imagery
could he uged to investigate ~nd monitor regional lanl use chrnges.

(Estes and Senger, 1/72). In loter studlies, the major emphasis was mplaced
on the establiglmant of a letailed data base of the region and a classlfi

cation system was devised [or the nre-aration of land use mrng using high

altituie colour shotogranhy and sele tive pground reconnaissancée(Rstes, 1777).

This backpgroun! material was then used to evaluate the information content
of LANBSAT imagery with regard to land use mapping and it was found that
the clagsiflcation system reruired modifications 1In addition, they found
that the spatial resolution of the Imagery placed limitations on the amount
of detail that they could identify. The smallest area classified was

2.641 sq. km. which renresentel anproximately 0,027 gqoe. cme on the image
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at a scale of 1:1,000,000. But they claimed that the resolution restrice
tions could be off-set to a large extent by the synoptic overview provided
by each Landsat frame.

In a recent report, Estes, i&::;g and Senger (1974) outlined the
procedure that they adopted in their analysis of Landsat data and provided
some guidelines that could be incorporated in the development of a
detailed methodology for the production of small scale land use maps
employing unsophisticated techniques. These suggestions were derived after
investigations were carried out using NASA 9%" x 9%" (1:1,000,000) black
and white transparencies of at least two spectral bands (usually 5 and 7) and
10X enlargements of selected portions of thr Landsat images which were
optically enhanced by magnifiers and staredscopes. They believe that, after
the rreparation of a suitable classification scheme and the establishment
of an adequate data base, the following stages should be followed:-

" (1) an initial phose during hich the image interpreters

familiarise themselves with the unique scales, resolu-
tion, contrast and tonal and textural characteristics
of Landsat imagery

(11) preliminary interpretation of _he imagery for represen-
tative test sites to determine the interpretability; and
classification related information content of the
Landsat imagery

(111) evaluation and modifi:cation o; classification schemes
base® on the preliminary studies

(iv) completion of data base maps for the entire Californi-
tast site

(v) the appiicacion of Landsat data to ancillary problems
with particular focus on interfacing with and trying to
encourage resource management agencies and other user
groups to attempt to utilise Landsat type data on an
operational basis."
They concluded that Landsat data could be a valuable source of environmental

resource information but the comparatively poor spatial resolution creates
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problems when a wide -range of environmental phencmena are located in small
areass But, as they emphasised in previous reports, the synoptic overview
and the relative ease of repetitive monitoring and up-dating offer compen=
sating advantages.

The Geographic Applications Prograw of the U.S. Geological Survey
(GEO GAP) has initiated a series of investigations 1nvolwlng<¢=;a;:F
imagery. One study has considered the Thoenix quadrangle, Arizona ~nd,
initially, the project was designed '"to make effective use of prst experience
in making land use maps and collecting land use information" and to inves-
tigate ways in which small scale orbital and aircraft imagery could be
utilired (Anderson and Place, 1971). The first specific objective was to
make a small scale land use map (1:1250,000) using Apollo 9 and aircraft
1magefy using at least eight major categories and several sub=categories
which could be identified and mappeds The second major objective was to
develop a "geographically oriented dat. bank of lond use information" that
could eventually be digitised and the computer would "print out on all
1°nd use maps, land use information in tabular form and to make several
different kinds of unalyses of land us~'.

The Phoenix quadrangle was chosen for a number of reasons including
the fact that considerable recent analytic research had been carried out by
the U.5. Geological “urvey and a large amount of current imagery was
available. Also, the clear skies and low 1 titude ensured th t additional
imagery from future winned and un-manned s.tellites should be av:iil-ole.

During the initial investigatiomns, imagerv was wmainly obtainad using
conventional aerial cameras with a vari~ty of filme-filter combinati.ns kgt
conciderable emphasis was placed on colour infra-red photography. In order
to verify the interpretations of the aerial photography, ground information
was collected hy field teams, Occasionally low=flying aircraft 'rere fitted
with '"metric cameras with long focal lengchs' to collect photograplic sawrples

of grounu conditions which could serve as checks in the interpretition of

the "lower re->lution satellite-ctype photographs'.
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Prot 1bly the greatest interest created by the initia Phoenix
quadrangle study has been its association with attempts to construct a
versatile clacsification scheme that could be used in preparing smali scale
lend use maps from orbital imagery. The resaarchers agreed that, nlthough
it was very unlikely that one ideal classification +i land use would aever
be developed or accepted, there was a definite need for a standardised
approach. So, prior to the final construction of their classification
they listed certain criteria that should be attained viz

"i, A minimum level of acenracy of about 85% to 90% or better

should ba approachad in the interpretation of the imagery
being used.

7« A wellebalanced reliability of interpretation for the
several categories included in the clagsification schenme
should be attained.

3. Repeatable or repetitive results should be obtainable from
one interpreter to another and from one time of sensing
to another.

4e The classification shceme should be useable or adaptable
for use over an u:xtensive area.

5¢ The categorisation used in the classification scheme should
permit vegetative and other zover types to be -elated to
activity~oriented categories whenaver possible.

be Tha :lassification scheme should be suitable for use with
imagery taken at different times during the year.

7. The classification scheme should permit effective use of
sub-categc. ies that can be obtained from ground surveys or
from the use of imagery available at a lirger scale or with
the use of colour photography.

3« A need to collapse the categories of the tlassification scheme

into a smaller mumber of catrgories must be recognised.
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@y «-Comparison with land use information compiled at earlier
points in time and with data that will be collected in the
futirn sl.ould dottnitcly ba possibla.

10. ‘l‘hc classification scheme ohould recognn the mlttple-usa

4 np.cu of land use ﬂuncvcr poutblc".
nenned cxplanauons of theu crltetta Lc been rcported 1n a separate
ayricle (Anderaon, 1971), < ' '

A land use classification scheme for the Phoenix area was then
established and it was evaluated against the suggested criteria and, although
some criteria could not be satisfied immediately, -the overall scheme worked
saéisfactotily. The researchers conc;ﬁded that land use maps "of reasonable
accuracy and quality" could be compiled at a scaI; of 1:250,090 from orbital
imagery and that "agremn‘i't on a f’ranegwork or sch&ne of land use classifica=
tion for use vith orbital imagery will be necessary for effectivé use of
land use data". This desire for a satisfactory scheme was virtually fulfilled
when a Land Use Classification System for use with Remote-Sensor Data was
presented in U.S. Geological Survey Circular 071 (Anderson, Hardy and Roach,
1972). The system was designed so that it could be used with remote sensing
imagery with minimal reliance on suppiementary 1nfornation at two generalised
levels of categorisation (ie. Level 1 and Level 2) (see Tables _ and _ ).

Also, a modified list of criteria which the system should meet based on those

Y
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previousl'i proposed by Ai:ex-ander and Place was included in the Circul)ar. A e Aot
Later investigations in the Phoenir quadrangle were primarily designed

to test and verify the validity of the land use classification system

proposed in U.S.GeSe Circular 571 as well as analysing the applicability of

L-ondsat imagery for detecting land use changes and up-dating maps (Place,

1974). Landsat 1 3" x ;" 131,000,000 transparencies were interpreted using

a range of tachniques including the use of colour composites and an 125

colour additive viewer to create a number of specific colour composites

using selected spectral bands at different time periods. After testing many

tech .ques the researchers claimed that the best method of distinguishing

REPRODUCIBILITY OF THE
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“Land ‘use change was by making seasonal comparisons of Landsat colour coms:' i~ -
N putu using bands 4, 5 and 7.

Another study initiated by the Geographic Appucauou Program of the
U.S. Goologi?al Survey haa been ropqrted by Alexand.r (1973.) ﬂho dllcrtbcﬁ

che use of Landu: colour composite Mgu in a proltﬂnary otudy of hud

use elasllfication and land use changa in the Central Al‘:lauuc Régiml e

!ee!egical Test Site (CARETS). Significant land use changct were tdcntifii‘
using conventional visual interpretation techniques and enlargements of the
colour composites in association §ith 11i00,000 meps produced from 1970 hl.h
altitude photography. These resulrtsr were achieved after the interpreter
familiarised himself with the principal visual signatures of thae various
land use types as they appeared on ;@e enlarged Landsat imagery. Land use.
classification was basedon the U.S. Geological Survey Land Use Classification
System (UsSeGaSe Circular 671) and the interpreéer attempted to classify

the .: -.sting land use to second }:::{ of accuragy, ie, Level 2. Attempts
were then made "to verify whether charges had actually occurred and whether
the correct interpretations of that change had been made" by utilising the
1972 Landsat underflight (U-2) photography of the area. The researchers con-
sidered that the results of the land use change analysis was highly promising
even without employing more sophisticated spectral signature techniques that
was possible with the Landsat multi-spectral data. They also claimed that
the high proportion of Level 1 and 2 land use was detected and identified
correctly.

In anothev associated investigation J::?iiﬁ imagery of the CARETS
region was examined at a variety scales ranging from contact prints of 70 mm
film éﬁigs supplied by N.A.S.As (scale 1:3,360.000) to enlargements uo to
11100,000 (Anderson, 1973b). One procedure that was found to be useful for
a regional overview was the producticn of an uncontrolled mosaic from enlarged

prints of band 5 f{msg. -- at 111,000,000, A -onal map based on visible tones

and.textures on the .i:-dsi- -‘&s constructed and the patterns were compared with
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TABLE 1 A LAND USE CLASSIPICATION SYSTEM POR USE WITH REMOTE
SENSOR DATA (U.S. Geological Survey Circular 6713

g v

____U«Ss Department of the Interior, 1972)

Pt”“.d ”l JeRe Anderson, E.E. lhriy. J«Te¢ Roach

Level 1

Level 2

1.

2.

3.

4e

5.

6.

7.

8.
9.

irban and Ddiii-up Land

%

Agricultural Land

Rangeland

Forest Land

Water

Unforested Wetland

Barren Land

Tundra
Permanent Snow and Ice Fields

1.
2.
3.
Zo
3.

Residential

Commercial Services

Industrial

Extractive

Transportation, Communications,
and Utilities

Institutional

Strip and Clustered Settlement

Mixed

Open and Other

Cropland and Pasture

Orchards, Groves, Bush Fruits,
Vineyards, and Horticultural
Areas

Feeding Operations

Other

Grass

Savannas (Palmetto Priaries)
Chaparral

Desert Shrub

Deciduous
Evergreen (Goniferous and Other)
Mixed

Streams and Waterways
Lakes

Reservoirs

Bays and Estuaries
Other

Vegetated
Bare

Salt Flats

Beaches

Sand other than Beaches
Bare Exposed Rock

Other
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TABLE umummmmmmamm
¥ OLMS!!IGATIG! SYSTEM FOR USE WITH REMOTE SENSOR DATA '
' (U.§10:8% Cireular 671) i 4o s e aree s

Prepared by: James R. Anderson, Chief nphuf,
U.S. Geological surny; October, 1973

Ll'il 1 J 77 LQV.; 2

1.

2.

3.

4,

3.

6o

7.

8.

%

Urbm and Mu-up Lnad 1. Residential

24 Commarcial and Services
(including institutional)

3¢ Industrial

4, Extractive (excluding strip
mining, quarries, and gravel
p‘.t‘, .tco)

5. Transportation, Commmications,
and Utilities

6s Mixed (including strip and
clustered settlement)

7. Opamr: 2nd Other

Agricultural Land 1, Cropland and Pasture
2, Orchards, Groves, Vineyards and
Ornamental Horticultural Areas .
3. Confined Feeding Operations ;
4, Qther

Forestland 1. Deciduous :
2. Evergreen (coniferous and others),,
3. Mixed

Wetland i, Forested
2, Non=forested

Rangeland 1. Herbaceous Range
2. Shrub-Brushland Range
3. Mixed

Water 1. Streams
2. Lakes
3. Reservoirs
4, Bays and Estuaries
5. Other

Tundra (Proposed level-2 categories are
currently under study in Alaska and
will be reported separately)

Permanent Snow, Icefield, (Proposed level-2 categories are
and Glaciers currently under study in Alasks and
will be reported separately)

Barcen Land 1, Salt Flats
2. Beaches (including mudflats)
3. Sandy Areas other than Beaches
4., Bare Exoosed Rock
5. Strip mines, querries, and

gravel pits

6. Transitional Areas
7. Other

(from Third TRTS Symposium, N.A.S.A,, 1974, pp. 31-32)
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existing small scale maps of the region representing relief, land surface
forms, geology, soils, vegetation, forest types and land use. As mentioned
previously, it was found that the zones located on the LANDSAT mosaic most
closely resembled t ¢ patterns on the existing small scale land use map.

This discovery supported the hypothesis of the CARETS investigators that
remote sensor derived data sets on land use and land use change should become
the basis for a regional information system which could serve the needs of
regional planners and land managers.

Many other studies have been independently initiated throughout
the United States and land use maps with various scales and/or classifica-
tion systems have eventuated. In Nebraska, a 7 colour 1:1,000,000 scale,
Level 1 general land use map was produced during the summer of 1973 for the
State Office of Planning to assist in the preparation of recommendations
for land use planning regul tions (Carlson et al, 1974). A larger scale
1:62,500 Level 2 supplementary land use map was also produced in a pilot
study using aerial photographs. It is interesting to note that no reported
attempt was made to utilise Légﬁlﬁ; imagery at Level 2 classification. The
ma jor purpose of the small scale map was '"to be a tool for orientation and
for visual impact of both the land use data and remote sensing appltcaétonl.
This was achieved by considering'ég:;§;; imagery at 1:250,000 scale and then
éeh;§;éQto 1:1,000,000., The major interpretation technique involved the
use of colour additive viewer with various filter and spectral band combina-
tions in order to enhance certain categories. No details of ground truth
procedure used in the production of the small scale wap were provided but
the authors stated that after field checking the map was found to be 90%
accurate.

Brown et al (1773), University of liinnesota, in cooperation with
regional, State and Federal agencies associated with land management
rasponsibilities, examined E&nﬂiﬁt 1 imagery to determine its suitability
for satisfying some of the land use data needs in their state. They

developed land u e cliss definitions that could be operationally employed

within the overall framework of the existing Minnesota Land Management
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System. They distinguished four broad areas of land use in their test site
and did not consider the guidelines provided by UeS5.GeSes Circular No. 071,
However, before they made their final dctailed classification they consulted
local and State land and resource management authorities regarding their
information needs. Overall, they found that the potential of the Landsat
imagery as a basis for mapping land use information was beyond their
expectations and that, by using high quality imagery at appropriate seasons
of the year, their unsophisticated techniques yielded much more detailed
land use detail than existed at thaet time. This they claimed was achieved
in their state which was already regarded as a leader in the field of land
management. The main interpretation procedures involved the use of 70 mm
positive transparencies which were projected individually or cumbined in a
Mini-Addcol viewer. The colour combined schemes were photographed and
projected for interprotation at scales ranging from 1:250,000 to 1:30,000.
Later experimental analysas included 2n image analyser which provided
density slices from 1:1,000,000 positive and negative transparencies. The
authors stated that ground truth procedures were carried out to suppori
cheir insestigations and that they were bzsed on field investigations and

a variety of aerial photographs but did not eiaborate.

Sweet et al (177%) have used LANDSAT 1 ~nd Skylab imagery in association
with conventional and multi-spectral underflight photography and radio metric
ground observations in experimental studies using a wide range of interpreta-
tion techniquess A wide ringe of interpretation equlpment has been
available including & multl-spectral viewer nd density slicing colour
viewer with built-in electronic plan;metet. LANDSAT 1 MSS data was
received periodically in 70 mm, 24 cm = ?%4 cm imagery and digitised tape
form:.ts. after this insescigation, thicy concluded that NeAs.5.A. satellites
could provide the data necessary for comprehensive and routine inventorying
and mapping of Ohio'- natural ond cultural features at scales of 1:24,000
and smaller at less cost and wich better accuracy than with previous

techniques. They have used the U.S. Geological Survey Circular No. v71

REFRODUCIBILITY OF THT
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Land Use Classification as the basis for their land use surveys.
Researchers at University of California, Riverside also found thet |

LhN,\wt 1 i{magery has great potential for monitoring land use change as 1

well as a data source for future regional planning in the Northern

Coachella Valley, California (Bale and Bowden, 1973). Their research ;

was activated by the concern of Federal and State agencies who wanted i

to monitor the effects 0f the recreational pursuits of people from the §

heavily populated coastal plain on the sensitive arid environment.

£::;;;£ 1 imagery was used as the primary data source and high altitude

photography was obtained from U-2 and RB-57 flights to assist in inter-

pretation and field work. Land use classification was based on previous

conventional surveys. Most of the mapping was accomplished using

enlarged positives or projected slides taken from images previously

projected onto the screen of ean additive viewer using bands 4, 5 and 7.

Two different formats of iL.andsat 1 imagery were used in the viewer to

produce false colour imeges. Selected portions of 24 x 24 cm 1:1,000,000

positive transparencies and complete 70 mm 1:3,300,000 positive transparencies

were used with various filters. The use of the enlarged selected portions

of the larger scale transparencies allowed viewing on the view plate at

appro<imately 1:150,000 but provided less resolution than the 70 mm trans-

parenclies. Further enlargements up to 1:.2,500 for the actual mapping

proccsses was achleved by producing positive enlargements or by projecting

slides of portions of the reconstructed image on the colour viewer view

plate. The researchers claim that '"resolution usually extended to J0

acre 1/g sections' (approx. 33 hectares) but ras better where intense

spectrol signatures were uassocioted with specific uses. Ground truth procedures

were carried out to verify the type and amount of land use change and it

was found that there were only two cases where the 1°nd use had been mis-

int~rpreted but over.ll tlie location of boundiries could not be determined
I

accurately. Several factors that influenced the quaiity and resolution

of land use informi.ion obtained during the investijation were listed, viz
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the scale of the final map, the availability of secondary data sources,
the expertise of the interpreter and how well he knows the area.

In addition to the general trend of complimentary remarks about the
ability of Landsat imagery to provide valuable data for the preparation of
satisfactory bases for regional planning, groups of researchers have
emphasised how the lmagery can permit the rapid production of small scale
land use maps. For example, Lindgren and Simpson (1973) produced an
11-category map of Rhode Island in 8 man-days but they did not discuss
the operational procedures. However, they claim that the map. displayed
considerable accuracy when compared with maps compiled from high altitude
aircraft imagery. Also, in the previously mentioned investigation by
Lstes, ;;;;;; and Senger (197%) they reported that they produced an
8-category land u:e map of the Central “oastal Region of California in
7 man-days (an area of 57,213 sq. km).

3.2.3. LOU COST AND UNSOPHISTIS8ATED TECHNIQULS

It is apparent that faw research projects have been undertuken in
the United States specifically to investig:te unsophisticated and inexpensive
land use mapping techniques. One interestcing investigation by Hardy,
tkaley and Phillips (1974) of Cornell 'nivsersity was carried out to develop
1 low cost, manual techniques that could be used to enhance LANDSAT 1
imigery and to prepare it "insuitable format [or use by users with 'ide
and varied interest< related to land use and natural resources information',
fhey asserted that "experience has shoim that the more sophisticated the
method of processing resource information, the smaller is the number of
potential users of that information'. They beliove thot this situation is
mainly due to the fact that most local officiils associated with resource
managenent decisions ''do not feel at case with, or trust, informition
prepared in 2 manner they themselves c.innot accomplish or duplicate'.
[herciore, they hove dirocted their inrestipations towards iow cost,

manu~l interpretation techniques incorporating photographic processes.
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During the initial stages the researchers experimented with films and
filters to provide a more balanced density range of the 70 mm Landsat
Ellm-ggxgs. This permitted the imagery to be enlarged to scales of
1:150,000 or larger with better spatial resolution. Positive transparencies
carefully prepared from the negatives were then run through the diaro
process and any of the spectral bands could be produced in cyan

magenta or yellow. When band 4 (yellow), band 5 (magenta) and band 7
(cyan) were printed and supcrimposed they produced high quality false
colour images. Enlargement of the false colour images to scales as large
as 1: ,000 were made and the ;;gggééis cl im that information for land
use classification could still be interpreted,

Cther experiments have been carried out by Herdy, Skaley and Phillips
and they assert that "although work needs to ba continued on the development
oi a prediction model of the possible cosbinations colour and what they
relate to, we have been . ble to identify iny land use information by
i-0':ting it in a colour of unique contrast with its surrounding areas".
Furthermore, they claim that the preparad im pery has high resolution
cap~bilities and boundaries between contr sting colours and hues are
sharpe They 2lso maintain that this imagcry ¢ n be used for the direct
transfer of data at scales of 1:250,000 (with map units of approx. ?5
hectares) to 1:150,000 or larger and 'rith projection techniques and
ine:zpensive equipment it can provide ¢ ccllent results at 1324,000 or
largers Also, they have suggested . simplc procedure for data extraction,
vl

base map at the desired scale with a few

"1. Prepare
geographic references such as lakes and stream'.
7. Trace repions of liée;hﬁe identifled as homogenous
spectral catogory onto the overlay.
o GLonstruct a spectral map (rom diflerent cumposltqg to
f11l in tl e desired information “or the w pped area.
te Welate ureis to Universal (r.nsversz J:fitLOt coordinntes
and record on appropriate forms fir computer storage and

retrieval.
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The acureing of this procedure was verified by comparison with low altitude

photographs, existing land use surveys and field checking and results have
shown "a high degree of correlation, usually close to or over 90%". The
researchers have found this technique very useful for up dating previous
inventories, analysis of seasonal change, compilatior. of new maps eg. forestry
and agriculture, the isolation of one specific land types or land use and
that it has been used by planning agencies and number of state agencies.
The claimed advantages of the system are its low cost, high accuracy levels
wide selection of operational scales, the material is readily understood
and that it does not require expensive and sophisticated equipment. They
maintain that "the whole process can be carried out anywhere in the world
with equipment costs of $10,000 or less". Unfortunately, the last assertiom
tends to contradict one of the main objectives, virz. a low cost system because
the researchers' perception of low cost may not necessarily match the views
of researchers in other countries.

1t appears that no recent comprehensive review of U.S, investigations
that have used unsophisticited techniques to produce small scale rural land
use maps has been published. However, Joyce (1974) has presented a concise
summary of some interpretation and classification techniques using mainly
Us%e exampless. Ile states that conventional sisual interpretation of MS5
imagery using hues of tone, texture and paitterrn to define land use has been
the most common method used and all Level 1 and many Level ? categories
were identified at acceptable levels. slack and white imagery of individual
lands and colour composites constructed m2inly from bands 4, 5 and 7 have
been the primary data bases and the most satisfactory results have been
achlieved by interpreting colour composites at scales ranging from 1:1,000,000
to 1:100,000 with 1:250,000 being the mo.t common. He also asserts suitable
results have been obtained using simple techniques insolving optical
magnifring instruments and standard 1:1,009,090 colour composites or by

direct visval interpretation of the enlarged colour composite. The most

RERODUCBILITY OF ™iv
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common smallest unit area that has been consistantly fdentified and measured
has been %40 acres (160,000 m’) whilst some researchers have claimed to have
achieved 10 acres (40,000 m2). A higher degree of classification has been
obtained using additive viewers and other more refined enhancement techniques
but Joyce point out that they are time consuming and require special equipe-
ment and skilled operators. In addition, he maintains that the increase in
the number of Level 1 categories that can be identified and the improvement
in the level of accuracy does not warrant the marked increase in cost and
times He also uses this argument for most Level ? categories but he does
concede that the colour enhancement techniques can be very beneficial in
extracting specialised information not generally required at Level ?. He
believes that there are advantages and disadvantages assoclated with both
the visual interpretation and computer based classification systems and

that some balanced combination of the tvo '1ill need to be produced in order
to extract the maximum amount of informition from the LANDSAT data.

Peterson (1975) has produced a short article designed to as.ist
geographers interested in land use mapping :nd has suggested certain
techniques that could be helpful. He does not suggest any special pree
processing of the data other than the normal "off-the=shelf" material
available from N.,A.5.A.. lHe also suggests that the U.5. Geological Survey
Circulur No. 7! Land Use Glassification System could be used in 2ssocliation
with a colour coding system proposed b» PPaludan 1973) at a scale of
1:1,000,000, %egenti~lly the interpretation procedures are unsophisticated
and designed for the dclinuuLionfcategorieu at the same scales The author
stresses that the use of imagery from different seasons is important for
accurate interpretation. Wo ground trut! techniques were presented.

SUL RY

Overall, the United States researchers have considered a very wide
range of tachniques in the pre-processinz, interpretation, classification
and ground truth stages. However, most veports of their studies have only
placed emphasis on a few of these aspects. For example, some present

detailed accounts of their investigations into pre-processing techniques
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(Hardy, 1973; Hardy et al, 1974; Dragy, 127%4) or thelr attempts to classify
land use (Nuﬂ%lly and Witmer, 19.0; Anderson and Place, 1971; Anderson,
19713 Anderson et al, 197?), Very few researchers have attempted to give
extensi e descriptions of ground truth ond interpretation procedures
although accuracy levels have often been stateds This may have been due
to the fact that the very good supply of secondary informat.on in the form
of existing detalled land use, and topographic maps as well as low and high
altitude photography could lLave provided iich nssistances Or, it may have
been felt that these techniques have bean :dequately reported in other
investigationss Therefore, it appears that no published report of any
United States investigation can be used to provide adequate puidelines for
the production of small scale rural l-nd u.o maps from LANDSAT Lfausgery using
inexpensive technicues.

Probably the major direct contribution of the Unitad States studies
has been the development of the 1l ind use ¢l ssification scheme for use
with remncte sensor data by the UsSe Geological Survevy (Anderson, 12715 Andere
son and Place, 1971: Anderson et ol, 1)77; “nderson, 197%) which attempted to
st mdardica land use mapping throughoutr the 1. 'ss It saams that this ainm has
been achleved to a large extent as many of th: recent reports have tended

to adopt it. However, this mey have been dnn to expendiency on the part of

e
the regearchers and lhcyrn-z* merely adopred i for consenionc nd cneed,
\ :
Also, it may have been ciused by the (..t (it the rese rchar workod {or

or may have been sponcored by an orpanics.tion that had acce %ed the scliemes
Come researchers, hoever, har/2a been rescrictad by o .2 schame that
had been escablished beirore the Usbe Geological Survey cliassification was

introduced,

-

in general, U, . rec archer have agphasised that the synoptic ovore
views and the rapidity of data collectlon biore piven LANDSAT MSs ifmapery
distinct advantages in small scale land =12e studies by »roviding - ncr.lised

land use information 5 well as assistiag in the monitoring of lund use
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» the spatsal resolution of the Lmagery

| “aemea, 1974),- the nature of .
1953 Andersen, 1971) and '
lable (Joyce, 1974; istes, 1974)s
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