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BACKGROUND TO FINAL CONTRACTOR'S REPORT

In January 1972, Dr. J.L. van Genderen submitted a
"Proposal for Participation in Space Flight Investigations
Using Data from the Earth Resources Experiment Package
(SKYLAB-EREP)" to NASA for consideration, On April llth,
1973, a letter was received from Charles W, Mathews,
Associate Administrator for Applications at NASA, that
Dr, van Genderen had been selected as a Principal Investi=-
gator to analyse data returned from the SKYLAB Earth
Resources Experiment Package (EREF). This letter stated
that the above mentioned "Proposal® (NASA Control Nos. INT-
UK-08 and SR 9686) had been accepted,

On 17th May 1973, a copy of the "Provisions for
Participation in the NASA Skylab Earth Resources Experiment
Program” was signed by the Department of Industry (as
sponsoring institution) and by Dr. van Genderen and return-
ed to NASA,

Several delays were experienced in receiving the first
sets of data from the SKYLAB sensors. In the meantime
excellent LANDSAT I data was being examined in order to
galn further experience of orbital imagery.

The first data from SKYLAB arrived in May, 1974, In
total, only the following data was received of the test
area in South-East Spains contact positive and negative
transparencies from the S190A Data Acquisition Camera and
2x and 4x enlargments of these, No S190B imagery was
provided of the test area, Alternative cover of Arizona
and the Spanish/French border zone was provided, but proved

of limited value in assessing its value due to lack of
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ground data. No 8192 MSS data was provided of the study
area as requested in the EREFP Investigation Requirements
Document. Again, alternative cover was received but of
little value. No colour composites of the 13 MSS Channels
were provided, although ten different combinations were
promised. Although the official reason for not providing
any data except some S190A photographs of the study area
was that the weather was-predicted to be marginal, each of
the S1904 frames had less than 5% cloud cover.

In the light of this lack of suitable data being pro-
vided by NASA, many of the objectives outlined in the
"Proposal” could not be met. However, of the thirty publi-
dations listed in the Cumulated Bibliographic Listing, 21
relate specifically to SKYLAB. These are indicated by an
asterisk (*), Meanwhile, in the absence of suitable SKYLAB
imagery, work was progressing on LANﬁSAT image interpretation.

During 1975, arrangements were made for Mr. B.F. Lock,
Senior Lecturer at the Salisbury College of Advanced
Education in Adelaide, South Australia, to come to the
Geography Department, University of Sheffield, to study
LANDSAT data for rural land-use surveys under the direction
and supervision of Dr., van Genderen. This resulted in one
vear's full time reséarch being spent on the project. The
following report, commencing on pagé 1 gives the results of
the research programme, It is preceded by a complete cumulated
biblioéraphic listing of.all'published articles, progress
reports and conference pépers related to the EREP Contract,
in which all the other results obtained during the investi-

gation have been reported., These are not repeated in this final
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report, and the reader is referred to the original articles

for details of earlier findings.

September 1976
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SUMMARY OF SIGNIFICANT RESULIS

(1) The results of this study have shown that it is
feasible to design a methodology that can provide suitable
guidelines for the operational production of small scale
rural land use maps of semi-arid developing regions from
LANDSAT MSS imagery using inexpensive and unsophisticated

visual techniques,

(2) The suggested methodology should provide immediate
practical benefits to map makers attempting to produce
land use maps in countries with limited budgets and equip-

ment,

(3) The methodology presented here'should consi&erably
reduce the time spent by researchers in trying to locate
and assess the different techniques involved in the various
stages of map production that have been reported in numerous,
but often obscure articles during the last few years. This
has been achieved by presenting and evaluating the most
appropriate pre-processing, interpretation, classification
and ground truth procedures in a simplified and systematic

manner.

(4) Initially, many pre-processing and interpretation
techniques were considered, but rejected on the grounds that
they were inappropriate, mainly due to the high cost of the
imagery and/or equipment, or due to their inadequacy for
use in operational projects in the developing countries.
This review highlighted the need for & low-cost, low-level
technology, visual approach which would be fully operational

rather than experimental, and the results of which could be
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statistically assessed,

{(5) The suggested imagery and interpretation tech-
niques, consisting of colour composites and monocular
magnification proved to be the simplest, fastest and most

versatile method.

(6) In order to maintain a standardised classification
of land use, the criteria and hierarchical structure
pregsented in the U,S$.G.S. Circular 671 were found to be
acceptable as a general basis for researchers and organi-
sations wishing to develop systems for their own regions,
However, it should be stressed that these recommendations
should only be used as guidelines for the development of an

adequate system for a particular region.

(7) As no satrisfactory method could be located which
provided directions for systematically analysing the
results of the interpretation, a new scheme was devised and
tested, This proved to be successful, in the operational
sense, during the production of the land use map of the

Murcia Province,

(8) Although the statistical sampling system was based
on the commonly-used stratified random strategy, one im-
portant aspect that was developed in this study was the

method of determining the most appropriate sample size,

(9) The statistical concept deveioped and presented in
the report incorporates the probability of making incorrect
interpretations at particular prescribed accuracy levels,
e.g. 85%, 90% or 95% for a certain number of errors, €.8.

0, 1, 2, 3 etc. for a particular sample size. This contrasts
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with the usual practice of expressing the interpretation
errors as a percentage of a subjectively derived number
of sample sites, Consequently, it is felt that.the
approach adopted in this report offers a more meaningful
explanation of the interpretation accuracy level of the

whole operation, and within each category of land use.

(10) The statistical sampling and testing procedure
developed for use with orbital imagery in this investi-
gation, should also prove to be very useful in most other

types of gperational remote sensing projects where stringent

contract specifications need to be met but, prior to this
study, it was not possible to check the accuracy of the
work in any reliable, statistiecal mammer, Hence it is re-
commended for use by such controlling agencies as U.N,D.P.,
F.A,0, ete, as well as to the Remote Sensing Survey
Companies and to the clients who can now incorporate safe-
guards into their requirements, to ensure these are being
met,

(11) In their applications, the suggested methodology
and resultant land use map should be used in the context in

which they were designed.

(12) In conclusion, it has been demonstrated that the

- proposed methodology can play an important role in providing
a suitable link between the acquisition of the LANDSAT MSS
data and its operational application in land use mapping in

developing countries using inexpensive techniques.

J.L. van Genderen
B.F, Lock
September 1976
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1. INTRODUCTION

1,1. PURPOSE QF STUDY

The major aim of this research is to develop a viable
methodology for producing small scale rural land use maps in
semi-arid developing countries using imagery obtained from
orbital multi~spectral scanners. At present no such method-
ology is available and it is felt that there is an urgent
need for a detailed description of all the stages involved
in the production of small scale land use maps using MSS
data similar to the methoddlogies that have been developed
for use with conventional aerial photography,

1.2, THE NEED FOR SMALI SCALE RURAL TAND USE MAPS

Nurmally (1974) and other researchers (Howard,1974;
Estes et al., 1974) have asserted that remote sensing
technology can make one of its biggest and most significant
contributions in the area of land use data collection. This
has been due To a #ariety of ressons, including the develop-
ment of many different types of sensors, data storage
devioeé and recording platforms.

Until the 1960's, detailed rural land use surveys have
been mainiy cérried out in developed countries and land
use maps have been produced for a range of purposes with
a wide variety of scales and classifications, The primary
purpose of these surveys has been to determine the spatial
distribution of land use at a particular time. The resultant
land use maps have provided planners with useful analytical
tools for general or reconnaissance evaluations as wellAaé
establishing a permanent data baseias part of a continual

monitoring system of the landscape. These surveys have been



carried out using time-consuming and often expensive
methods involving the collection of information from
various statisticai agencies, field reports and vertical
black and white panchromatic aerial photography (Kriesman,
1969).

With the emergence of many new independent nations
since World War II, the planning of their economic @evel-
opment policies has often necessitated the use of medium-
small scale land use maps which have permitted broad
overviews of regions and have provided the bases for more
detailed and diverse investigations at larger scales.
Also, with the ensuing changes in agricultural products and
land management procedures, they have provided a system for
establishing permanent and systematic records of landscape
chénges.

However, there have been problems in the production of
these medium~small scale land use maps in both developing
and developed countries mainly associated with the collection
of base data (Thaman, 1974), The introduction of panchromatic
vertical aerial photography allowed a comparatively rapid
method of recordiﬁg the land use characteristics of the
landscape but certain problems became obvious with this type
of data collection technique, Essentially, the problems have
been concerned with time and cost factors. In order to produce
medium-small land use maps the task of handling and inter-
preting large numbers of photographs hecame a major barrier
to the rapid production of the completed map. Also, the costs
involved in providing adequate, consistent and repetitive

coverage over large areas by conventional vertical aerial
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photographic surveys in a wide range of weather conditions
have added to the produétion problems (King and Blair Rains,
1974).

When the Earth Resources Technology Satellite (ERTS 1
now named LANDSAT 1) was launched in July, 1972 a new system
of rapid data collection became available which permitted
consistent coverage of the earth's surface through a variety
of sensors. For the first time, regular synoptic overviews
could be used in plotting man's utilization of the earth's
surface, This was particularly encouraging for the developing
countries where the costs and other problems assoclated with
the collection of agricultural data on a repetitive basis by
conventional methoeds have éften been the major deterrents
against the production of land use maps. Also, 1n some coun-
tries it was the first time that complete aerial coverage had
been available (Rijnberg and van den Broek, 1973).

Since 1972 there has been a virtual explosion in the
amount of research carried out on data obtained from LANDSAT
1, LANDSAT 2 and Skylab. But, according to Nurmally (1974)
there has been no attempt by anyone to‘evaluate in-a system-
atic manner the relative effectiveness of all of the differ-
ent sensors capable of recording land use data. Many invest-
igators have considered the comparatively conventional photo-
graphic processes including black and white panchromatic
and infra-red, colour and colour infra-red photography in
land use studies (Colwell, 1970; Vink et al., 1965), More
recently, other researchers have investigated the use of multi-
spectral scanners, radar and thermal infra-red with varying
degrees of success (Easams, 1972; Nunnallv,'1974: Allen,1975;
Smith, 1975; Henderson, 1975).



Although the development of techniques for collecting
remotely sensed data has progressed very rapidly, many problems
still persist in the utilisation of the information. They
include the correct selection and calibration of sensors for
specific purposes as well as an understanding of their desipgn
capabilities and functions, Also, the identification of iﬁage
characteristics aﬁd the lack of clarity caused by the guality
and resclution factors of tha remotely sensed data have
presented difficulties in the interpretation of land use at
medium to small scales (Landgrebe, 1972)., Seasonality or the
time of imagery acqulsition is another important factor that
can affect the nature of the data collected (Owen-Jones,1975),

Other problems include the lack of appropriate technigues
for establishing ground truth using satisfactory sampling
techniques (Kelly, 1970; Zonneveld, 1974; Allan, 1975), the
lack of a proven and versatile land use classification scheme
suitable for use with small scale imagerv(Anderson, 1971;
Anderson et al., 1972; Dodt and van der Zee, 1974) and the
lack of adequate training for persons involved in interpret-
ing this imagery (Nuﬂnally, 1974), Also, the high costs in-
curred in using many of the computer based interpretation
systens that have been evolving during the last two or three
yvears will probably preclude their future use in many countries
(Sweet et al., 1974; Lietzke & Stevenson, 1974).

1.3, IHE NEED FOR A METHODOLOGY FOR PRODUCING SMAIT, SCALFE

LAND USE MAPS USING ORBITAL IMAGERY

It has, therefore, become apparent that a detailed out~
line of a methodology for producing small scale rural land use

maps from data obtained by remote sensing techniques could
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have immediate practical applications. The methodology would
be particularly'beneficial if the suggested techniques could
be applied using relatively accessible equipment and mater-
ials as many developing countries lack suitably qualified
staff, technology and equipment, In additibn, it appears that
adequately tested automatic systems for interpreting land
use patterns from orbital imagery will not be functional in
the foreseeable future (Hempenius, 1975; Savigear, 1975).
These systems need to incorporate spatial, spectral and
temporal factors in order to interpret land use under a wide
range of conditions and, although much research has been
carried out, no completely successful system has been devel-
oped,

It is envisaged that the methodology will include an
outline of relevant remote sensing techniques including their
scope and limitations, guldance on pre-processing procedures,
selection of correct data bases; discussion of map scale
seiection, interpretation prodedures, the development of suit-
able land use classification schemes, clarification of ground
truth procedures, especially sampling methods and the pro-
duction of the final land use map. This methodology should
present a basis from which medium-small scale rural land use
maps could be produced without resorting to exhaustive backe
ground research and training or the use of expensive equipment
and technologies,

1.4. QBJECTIVE

The development of a methodology for producing small’
scale rural land use maps in semi-arid developing countries
using remote sensing techniques, especially orbital multi-

spectral scanners,



The areas that will receive particular attention are:-

a)

b)

c)

d)

e)

a critical evaluation of the uses and limitations
of remote sensing devices that can be utilised in
carrying out land use surveys;

a resume of relevant pre-processing technigues;

a description of various interpretation procedures
that may be useds

the development of a suitable rural land-use class-
ification system for use with small scale orbital
imagery;

clarification and assessment of ground truth

procedures,
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2. CAPARILITIES OF REMOTE SENSTNG TECHNTIQUES FOR LAND USHE

SURVEYS USTNG ORBITAI. TMAGERY

-2.1. INTRODUCTION

As different features of the landscape exhibit differ-
ent spectral responses, it is very important that sensing
devices employed in land use surveys should be correctly sel-
ected and utilised. At the present level of technological
development, sensors which record data in the ultra- violert,
visible, near visible infra-red, thermal infra-red and
microwave portions of the electromagnetic spectrum have the
greatest potential (see Figures?:l and2,2). The most satis-
factory sensors developed that have direct applications in
orbital land use surveys include photographic sensors, multi-
spectral scamners and side-looking radar. The following
discussion will consider the nature and limitations of these
sensors, especially their suitability for inclusion in orbital
earth resources imaging systens, Returnt beam vidic on systems
and independent thermal infra-red systems-have not been
discussed in detall because interpretation techniques have
not reached a satisfactory level that would allow them to be
considered as operational bases for orbital land use surveys
in the foreseeable future, This is mainly due to the lack of
sufficient data from these sensors and research workers have
been unable to evaluate their spectral responses and their
usefulness for rural land use surveys.

2.2. PHOTOGRAPHIC SENSORS

2.2,1: General

Until recently photographic techniques have been by far
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the best methods for recording the spatial, spectral and
temporal characteristics of land use patterns. According to
Thaman (1974) almost all of the operational surveys that have
been carried out throughout the world have utilised photo-
graphic sensing systems. There ié o doubt that they will
confinue to play a very important role in medium-large scale
land use surveys and, due to thelir excellent spatial resol-
ution and established interpretation methodologies, they

will serve also as valuable aids in small scale land use
surveys based on orbital.imagery.

Photographic sensors are passive and direct in the sense
that'they incorporate various combinations of cameras,
filters and films that are capable of recording the reflected
radiation in the visible and near visible portion of the
electromagnetic spectrum from approximately 0.3 to 1.1,
micrometres (see Figures 2.1 and 2.2 ). These sensors do not
produce or transmit any energy in order to "illuminate" the
earth's surface (c¢.f. radar) and the varying amounts of
reflected radiation are usually presented as positive prints
or transparencies (Cooke and Harris, 1970).

There are many factors that still make photographic sen-
sors the most viable method for operational land use surveys
at medium-large scales, These include the wide range of fiim,
filter and lens combinations that may be utilised to invest-
igate selected portions of the visible and near infra-red
portions of the electromagnetic spectrum., Also, this type of
imagery has the advantage that it can 5e viewed stereo-
scopically which allows the interpreter to consider the relation-

ship between slope and land use either qualitatively or
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quantitatively. In addition, as it usually reflects closely
the actual on-the-ground situation, photographic interpret-
ation is a comparatively straightforward process (Heller,
1970) which can be aided by established methodologies that
have been developed over many years (A.S8.P.,1960, Vink et al.,
1965; Olson, 1973). Interpretation is also assisted by the
high spatial resolution of the photography and the relative
ease in which the photography may be rectified to give

the correct gecmetric portrayal of the earth's surface. The
latter characteristic makes photography an ideal medium for
mapping the spatial distribution of 1land use. Overall,
.vertical aerial photography and the subsequent film processing
and interpretation are operations which do not depend on
expensive platforms or sophisticated electronic equipment

for image generation and analysis,

However, there are a number of disadvantages associated
with conventional photographic sensing. Probably the most
important is that it is not an all-weather, day or night
system due to the fact i1t utilises the reflected radiation
of the visibie and near visible infra-red portion of the
electromagnetic spectrum, Theréfore, the operational costs in
norﬁal airborne photographic surveys are indirectly increased
by high aircraft stand-by costs whilst waiting for suitable
weather conditions, In satellite photography large areas may
be covered by one frame compared with the large number re-
guired to cover the same area by conventional aerial photo-
graphy but much of the-photograph may be rendered virtually
useless for land use surveys due to excessive cloud cover.

Other problems associated with orbital photography involve
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the return of fiim from tmmanned satellites,Although, it is
technically possible to retrieve films from unmanned satellites
‘(Clayton, 1974), it is operationally difficult and expensive
(Entres,1974). Also, due to the nature of photographic

sensors, adequate protection must be provided to prevent
extraneous radiation affecting the film during all stages of
the operation,

Consequently, the use of photographic sensors for repet-
itive, global or regional land use surveys in unmanned long-
term satellite operations will be very limited but they will
continue to be the major operaticnal techmique for obtalning
alrborne imagery for many years. The latter role will provide
important background material required for interpreting
orbital imagery obtained by other satellite sensors, espec-
1ally multi-spectral scaimmers, even though the photography
may be out-of-date and may only partially cover the survey
area at a relatively large area,ie.'they may pfovide a type
of "ground truth" for orbital data in a similér_way that
field work provides ground truth for conventional aerial
photographic surveys.

2.2.2. Photographic Sensing Systems

It is beyond the scope of this dissertation to provide
detailed explanations of the methods used in obtaining
photographic images, However, a brief_summary of the major
components of photographic sensing systems, viz. cameras,
films znd filters will be presented together ﬁith references
to relevant articles which contain detailed technical

explanzations.,
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There are several types of aerial cameras that have been
designed for various purposes. They include the convent-
ional vertical framing camera (see Fiéure 2.3), trimetrogon,
panoramic, continuous strip, divergent forward oblique and
forward oblique cameras. Detailed descriptions of each type
can be found in Navair,(1967); Strandberg,(1967); Jensen,
(1969); Am.Soc. Photogrammetry, (1968, 1975); Spurr, (1973);
Estes, (1974).The most common system used in land use surveys
has been the.vertical framing camera but, in recent years the
milti-band (or multilens) adaptation has been investigated
as a possible method for obtaining additional photographic
information for use in land use surveying (Lauer,1971; Yost
and Wenderoth, 1971; Lins and Milazzo, 1972; Potter et, al.,
1974). The muiti-band vertical framing cameras, with their
variocus combinations of lenses, films and filters, have
permitted much more detailed investigations of the reflected
radliation from features of the landscape within the visible
and near-visible infra-red portion of the electro-magnetic
spectrum, Some attempts have been made to record the reflected
radiation from the ultra-violet region with limited success
(Estes, 1974),.

Black and white panchromatic aerial photography has been
the major operational system used in land use surveys for
many years and the comparatively recent introduction of
colour photography, both conventional and colour infra-red,
has increased the potential information content of photo-
graphs. However, the marked increase in costs associated with
the production of colour photographs have tended to iimit

their use, especially in developing countries. Also, in order
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to interpret and zvaluate the imagery produced by these recent
air-borne, photographic techniques, a basic understanding

of the range and limitations of the overall photographic
systems, especially film emulslions, is required., This is
particularly necessary in the utilisation of colour infra-

red photography where the normal colours of objects are
replaced by "false"™ colours. Furthermore, careful selection

of film filter-lens combination is required to provide imagery
that maximises the landscape characteristics being investigated
and to avoid selecting combinations that produce similar
imagery. Detalled explanations of the technical aspects of
films and filters may be found in Navair{1967), Jensen (1968),
A,S.P, (1960,1968,1975), Meyer and Maklin (1969), Levine(1969),
Heller (1970), Colwell et al.,(1970), Thomson (1973a, 1973b,
1975),

2.3, MULIISPECTRAL SCANNERS

Multispectral scanning systems provide a basls ror
data acquisition that permits the simultaneous measurement
and recording of reflected and/or emitted ra&iation from
various portions of the electro-magnetic spectrum by non-
photographic methods (see Figure 2.4). This type of system
can provide information that may be used to s&pplement;imagery
obtained by using photographic sensors as well as recording
data outside the spectral range of photographic emilsions,
The operational scope of the scanners ranges frém the near
ultra violet to the thermal infra red ie. from approx. 0.3 n
to 14 u,

Some of the most sophisticated scanning instruments can

divide the relevant portion of the électro-magnetic spectrum
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into 24 channels and the respective reflectance or emittance
levels can be recorded on magnetic tape. Operationally,only
4 bands have been implemented in LANDSAT 1 and 2 scanning
systems and 13 bands were used in Skylab (see Figure 2.2 and
Tables 2.1.and 2.7°2) Roberts (1975) states that "it does not
automatically follow fhat an increase in accuracy is obtained
by increasing the numfer af chamels." He refers to research
that has demonstrated that only a re}atively small increase
in accuracy of classification is obtained when using 12
bands as compared with 4 or 5 bands. He also points out that
it has not been possible to make any general rules with regard
to the number and spéctral range of bands that should be used,
There is no doubt that multi-spectral scanners will
play a major role in future small scale land use mapping based
on orbital imagery and that it will be the dominant system
employed in this type of survey for the next decade (Clayton,
1974 Savigear, 1975; Hempenius, 1975). The primary advantage
of multispectral scanners over other remote sensing systems
is that recorded information can easily be relayed to earth
receliving stations from the unmanned satellites, Also, this
system can acquire data about portions of the electromagnetic
spectrum that are not easily obtained by other sensors. The
data collected are suitable for digital conversion and can
be made readily available in computer compatible form for
automatic processing in a wide range of investigations,
Ove;all, multi-épeetral scanners provide data acquisition
systems that embrace a comparatively broad spectral range
and, when combined with satellites, they have the capabilities

to permit almost continuous monitoring of the earth's surface.
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TABLE 2.1
TYPES OF SENSORS CARRIED ON IANDSAT SATELLITE

(formerly ERTS - Earth Resources
Technology Satellite)

SENSOR: RBV - multi-spectral camera system

Spectral bands: 0,475 - 0,575 n
0.580 - 0,680 n
0.690 - 0,830 p

SENSOR: MSS - multi-spectral scanner system
Spectral bands; .5

oo
0 ~Ih

[ ]
*
*
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TABLE 2.2

TYPES OF EREP ( Earth Resources Experiment Package)
SENSORS CARRTED ON SKYLLAB SATELLITE

SENSOR: S15%0 - Multi-spectral Photographic Facility
Spectral bands: 0.5

Colour I.R.)
(HiRes Colour)

rtr vt

pal

m

)1 (B&W T.R.)
LG

5

SENSOR: 8191 - Infra~red Spectrometer

Spectral bands: 0.4 - 2.4 n
6.2 -15.5 n

SENSOR: S192 - 13 Band Multi-spectral Scanner

Spectral bands: 0.41- 0,46
C.44- 0,51
0.52- 0,56
.56~ C,61
0.62- 0,67
0.68- 0,76
0.78- 0,88
0098"‘ 1.08
1,09~ 1,19
1.20— 1030
1.55- 1,75
2,10~ 2,35

10-2 —12| 5

SENSOR: S193 - Microwave System

DEEREEEERERERTE

Spectral band : 13, 9 GHg
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The synoptic overview and the limited amount of geometric
distortion give the orbital multi-spectral scanning systems
the most potential for small scale land use mapping in the
foresseable future.

Unfortﬁnately, certain limitations still exist with
orbital multi-spectral scanning systems,The most important
includé the relatively poor spatial resolutilon, i.e.approx-
imately 79 metres on LANDSAT 1 and 2 imagery and_SO metres
on Sﬁ&lab imagery and, in many investigatibns, expensive
equi pment énd trained operators have been required to ana}yse
and interpret the data. In addition, as multi-spectral scanners
record reflected and emitted radiation, they do not have
the all- ﬁeather, day or night flexibility of radar. Con-
sequently, in any particular orbit,large arecas of the earth's
surface may be rendered unsuitable for the acquisition of
data due to ¢loud cover. However, the relatively rapid orbit-
ing of the earth often allows sufficient coverage of the earth
to be obtained and, with the recent launching of LANDSAT 2
and the future launching of LANDSAT 3, the temporal resol-
ution will be improved considerably providing the sensors
continue to function. Another disadvantage is that stereo-
scopic viewing is not normally possible by using forward
overlap within a strip. Until recently it could only be
obtained through side overlap (Poulton; 1973; van Genderen,
19744)but, an innovation by the U.S. Geological Survey
Astrogeology Division has been introduced whereby the digit-
ised 1:250,000 topographic map data covering a scene is
merged with the LANDSAT image data and the appropriate
displacement 1s computed to produce any desired parallax

(Beaumont, 1975).
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Unfortunately, this technique will not be feasible in many
developed and developing countries due to the lack of adequate,
quantitative topographic map information.

Although the spectral characteristics of many land use
features can be measured and recorded on magnetic tape and
later reconstituted into visual imagery by many different
techniques, the problem of data interpretation has lagged
far behind the capabilities of multi-spectral data collection.

As different materials possess different reflect;nce,
absorption and emission properties, much research has been
instigated in order to determine the specific spectral
signatures of the various features of the landscape, eg.
vegetation, rocks, minerals, water, soils. The identification
of unique spectral signatures would enable the data obtained
from remote sensors to be automatically classified. But,
according to Savigear (1975), most of the research has been
carried out under strictly controlled laboratory conditions
and the signatures determined in this manner can only provide
a guide for the selection of spectral bands that should be
used in operational surveys, With regard to the search for
unique spectral signatures in crop surveys and the idea that
a library of "“crop signatures" could be produced, Roberts
(1975), reported that this approach has been zbandoned by
most researchers. He stated that it was apparent that "at
the present stage of development, spectral data cean only
be interpreted meaningfully when it is compared with ground
truth or training sites which are close in space and time to
the survey area”.

Factors that have affected the amount of recorded

radiation, or emitted energy from a particular crop include
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the time of day as well as the time of the year in which

the measurements were made. These temporal aspects affect

the level of solar illumination and the stage of crop growth
and have presented major problems for researchers attempting
to develop automatic crop classifying procedures. The major
developments have occurred in parts of the United States
where large scale monoculture is practiced but LACIE (Large
Area Crop Inventory Experiment) appears to be the only
technique that has reached an operational level (Allen,1975).
Therefore, despite earlier over-exaggerated claims, it appears
that the use of the data obtained from orbital multi-

spectral scanners for the automatic production of detailed
land use maps will not eventuate in the near future especially
in developing countries, This will be particularly relevant
in areas where the landscape is subjected to a wide range

of crops and whéere the field sizes are small and fragmented,
The probable trend during the foreseeable future will involve
the utilization of certain computer based techniques to assist
in visual interpretation.

More specific explanations and a wider range of refer-
ences dealing with the various aspects of the utilization of
MSS data in land use surveys are provided in the general
review in Chapter 3.

2.4, RADAR

Radar is the only viable remote sensing system, cther
than photograpﬁic sensors and multi-spectral scanners, that
appears to have any real potential for obtaining land use
data from orbiting platforms in the foreseeable future,

(Hempenius,1975). As an active remote sensing .system, radar
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provides its own source of illumination in the microwave
portion of the electromagnetic spectrum, The nature of this
illumination can be controlled to a high degree but, because
it is usually based on a single frequency between 0.8 cm,
and i metre rather than a spectral band used by passive
sensors, the use of radar in vegetation and land use studies
is limited unless .both like and cross-polarised imagery are
taken simultaneously (van Genderen,19753).

Due to its active nature and the utilisation of longer
wave lengths, radar has all-weather, day and night capabil-
ities which produces a distinct advantage over photographic
sensors and multi-spectral scamners. Long tefm flight planning
can be carried out and aircraft standby costs markedly reduced.
Also, it enables monitoring of agricultural crops at critical
phases, even if adverse weather conditions exist at the time.
Additionally, it can provide the basis for an accurate system
for the recognition of land surface features (Entres, 1974).

With regard to the future use of orbital radar, Hempenius
(1975) listed many advantages of Synthetic Aperture Orbiting
Radar (SAOR). For example, it is expected that the spatial
resolution of Seasat SAOR (to be launched in 1978) will be
30 metres which will be at least as good as present oper-
ational ailrborne radar and the broad swath width will provide
a good synoptic view (see Figure 2.6). The almost constant
look angle may allow the automatic processing of textural
information to be carried out and the relative steepness of
the look angle will considerably increase the range of
applications by permitting detailed investigations of hilly

terrains’, However, Hempenius belisves that the major land
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use application of SACR when it becomes operational in the
mid-1980's will be to monitor vegetation in areas which
are subjected to occasional or seasonal heavy cloud cover
as well as investigating sparse vegetation patterns in semi-
arid zones. But these tasks will be supplementary to the
major role of SAOR in monitoring sea and ice characteristics.

As with other remote sensing systems the characteristics
of the recorded imapgery are caused by the interaction of the
properties of the sensor system and surface phenomena and
serious misinterpretations could occur if the ilnterpreter
does not understand the basic principles underlying the image
formation. This problem is particularly evident with radar.
Domville (1974) has stressed that, if the full operational
potential of radar imagery is to be realised, it will be
necessary to embark on a considerable research programme
devoted primarily to the recording, processing and interpret-
ation of the data obtained. Additional support for the need
for more research into the interpretation of radar imagery
comes from Morain {1974) who has investigated the use of radar
in vegetation mapping. He believes that researchers have only
just begun to explore the content of radar imagery and the
best ways to interpret it, especially with regard to the
meaning of tone and texture. Furthermore, he suggests that
it would be highly desirable to develop a true multi-spectral
capability for use in vepgetation science,

The problems associated with interpreting radar imagery
are greater than with photographic images although many
similar factors including the image characteristics of tone,

texture, size, shape and stereoscopy can be utilised.
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This is due to the fact that the radar system provides its
owvn source of illumination and the nature of the reflectance
of this energy by the.target makes the accurate identif-
ication of ground features more difficult. The amount of
energy returned to the radar sensor is dependent upon the-
properties of the transmitted electromagnetic energy and the
properties of the surface features. The factors affecting
the nature of the transmitted electromagnetic energy and,
subsequently, the imagery itself include the operational
wave-length, polarization, lock direction, flying height,
size and type of antenna, The properties of the surface
phenomena which can affect the imagery include the dielectric
and conducting properties, the surface roughness and shape,
surface slopes, vegetation cover and the nature of the sub-
surface materials. Detalled discussions on these aspects may
be found in delLoor, (1969); Holter, (1970); EASAMS, Vols,
1-6, (1972); Domville, (1974); Numnally, (1974) and reports
on applications of radar in vegetation and land use surveys
can be seen in Morain and Simonett, (1966,1967); Simonett,
(1968,1970); Viksne et al, (1969); Morain, (1974),

2.5. RETURN BEAM VIDICON

The television camera usually favoured for orbital
remote sensing is based on the return beam vidicon (Entres,
1974) which contains a photo-sensitive surface on which an
image is exposed initially and an internal scanning ﬁevice
converts the plcture of relative radiatlion interisities to
an analogue signal. This signal can be telemetered directly
back to an earth recording station or tape recorded and sent
back later {(Landgrebe, 1972) in a similar manner to the

method used with multi-spectral scanners.-
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Vidicons are restricted to approximately the same spectral
range as photographic sensors and, due to the relative ease
of data retrieval they could prove to be a viable alternative
to photography in unmanned satellites as well as supplementing
the data collected by multi-spectral scanners.

The return beam vidicon used on LANDSAT 1 recorded
imagery in 3 bands viz. 0.475-0.575u (green) 0.58-0.68u(red)
and 0.83u (near 1R) (Stone, 1974). Unfortunately, the system
malfunctioned and had to be shut down a month after launching
and insufficient data were obtained to allow a realistic
appraisal of the imagery and its potential for providing
information for small-scale land use surveys.

2.6, SUMMARY

Nunnally (1974) has reported that although a series of
independent studies have been carried out by researchers
interested in specific remote sensing systems there has been
no attempt to evaluate in a systematic manner "the relative
effectiveness of all the different senscrs capable of record-
ing land use data". Even though this statement is quite correct,
it tends to be more relevant to air-borne rather fhan orbital
techniques because only one remote sensing system is aoper-
ational for obtaining orbital land use data.

As mentioned in the earlier discussions about various
remote sensing systems that have potential applications in
orbiting satellites, the only viable technigue that will per-
mit the rapid and repgular coliection of data for small land
use surveys during the next decade will be multi—spectral
scanning systems., Even though photographic sensors can_offer

much better spatial resolution and relative ease of interpret-
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ation,the problem of retrieval of exposed film severely
restricts their ability to provide continuous monitoring
facilities. In addition, multi-spectral scanners .camn provide
data in a form that is more suitable for digital conversion
and automatic processing. Radar has not yet reached a satis-
factory level of development to be considered as an alter-
native oxrbdital yemofe sensing system and accordiné Tto
Hempenius, (1975) Synthetic Aperture Orbital Radar (SAOR)
will not provide adequate imager? for land use monitoring
for a decade, But its all weather, day or night éapabilities
would make radér a very lilmportant addition to the multi-
spectral scamner if pr&blems of intérpretation, rectification
and data storage can be overcome, The;mal infra~red line
scanners appeér to have limitations and cannot be considered
as important alternative land use data collgction techniques
and will only be able to provide supplementary information.
Return beam vidicons have distinet advantages but have
provided insufficient data to allow satisfactory assessment
of their potential in providing satellite imagery for small
scale land use surveys, |

However, multi-spectral scénnérs will not provide a
panacea for small scale land use surveys, but at the present
stage of technological development, they offer the major
advantage that information gathered by this method can be
readily retrieved and stored in computer compatible form.
Also, the data have the capacity to be reconstituted into a
series of images singly or in varying combinationé of spectral
lands at scales normally up to 1:250;000 or larger allowing
regular synoptic overviews of the earth's surface, But

unfortunately, the collection of data by orbital multi-
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spectral scamers has outstripped the development of inter-
pretation techniques, Many researchers have investigated a
widé range of automatic and semi-automatic techniques using
authentic and simulated LANDSAT and Skylaﬂ data. However,
there are very few organisations in the world that are
capable of utilizing the information that is being obtained
from the current operafional satellites. Furthermore, no
proven techniques have been developed that will allow automatic
identification of features of the eartli's surface without
associated ground sampling, Owen-Jones, (1975), believes
that it will be highly improbable that completely automatic
interﬁretation will be achieved, Human decisions and assistance
will be required but the level and nature of the humen assist-
ance varies amongst researchers and much work is still being
carried out in many different disciplines.

Savigear (1975) suggests that the research involving
the evaluation of the use of multi-spectral scanning data
should }je considered in two separate but.: related programmes.
Firstly,'the research involving the identification of unidue
spectral signatures should be an important long term situation.
Secondly, in the short terﬁ, the uses of multi~spectral data
in different types of environments in regions of 1limited
area should be idéntified and assessed. Also, the research
programmes should be oriented towards the requirements of the
region rather that the world scene. Eventually the ident-
ification of the different spectfal, spatial and temporal
properties of different parts of a region may lead to the
deﬁelopment of a satisfactory semi-automatic: system for

regional'analysis using multi—spectral-data..preVer, this
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would involve more refinements of current interpretation
techniques and ground truth procedures as well as the est-
ablishment of detailed and tested methodologies for carrying
out particular investigations. In the case of small scale
land use surveys, particular attention would be required in
the formation of a suitable land use classification scheme
and The effects of seasonality on image identification.
Generally, The short term approach would be particulariy
helpful for many countries which could benefit from the
relatively inexpensive and readily accessible multi-spectral
scanning data if a satisfactory methodology for conducting
small scale land use surveys, primarily based on orbital

MSS data, could be established.

Henece, this section has shownlthat most of the machine
assisted methods used in the developed countries are exper-
imental ratrher than operational and that there is a lack of
detailed methodologies suitable for use in developing
countries, Consequently, there is an-immediéte need for a
simple approach in order to maximise the usefulness of readily
available LANDSAT MSS data for workers in developing countries

to obtain relevant and reliable land use information.
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3. REVIEW OF LAND USE SURVEYS USING ORBITAI, IMAGERY
3.1. INTRODUCTION

As far as can be ascertained, no comprehensive review
of current research dealing with land use sur&eys involving
orbital remote sensing techniques has been published silnce
Nunnally (1974) considered investigations up to and including
1972, His article included details of research that only in-
volved preliminary assessment of LANDSAT data. Theréfore, 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 four vyears. The major consideration will in-
volve the utilisation of imagery obtained from orbital multi-
spectral scamnners in small scale raral land use surveys in
developing countries., However, in order tec avold the con-
fusion fhat often occurs in current terminology it is necess-
ary to indicate the precise meaning of land use surveys in
the context of this research.

3.1.1. SMALL SCALE RURAL 1.ANDUSE 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), urban areas may be distin-
guished but are usually not examined in depth. The major
emphasis is placed on the uses to which man assigns various
parts of the rural.areas. The overall aim is not to produce
a detailed description of all the items that give a certain

region its particular character or try to offer a detailed



-33-

explanation of the factrors 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 enumeration which normally involves the de-
tailed collection and description of land-use characteristics
in terms of type and a real extent. Thus, the final small
scale rural land use map is a generalised cartographic
representation of the ways in which man has utilised the
surface of the earth at a 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 fgﬁction of the type and quality-of imag-
ery, scale, spatial resélution, time of acquisition and the
interpreter's knowledge of the area, These, in turn, affect
the compiexity of the land use classification system that can
be used and, in fact, affect the whole nature and approach
of the survey. The ddminant purpose behind the production of
small scale rural land use maps is to produce rapid carto-
graphic déscriptions of large parts of the Earth's surfacé.
These maps may be used for a variety of purposes such as the
initial recopnaissance of an area that has been poorly mapped
or, in other areas, as a record of the 1an& use character-
istics of the region_at a particulzr time. Consequently, there
1is a marked difference between the small scale land use survey-
ing techniques used in this study and those used in other
tyﬁes of land use surveys e.g, land use inventories, integrated

land systems surveys and landscape studies.
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3.1.2. RURAL _LAND USE INVENTORIES

The major aim-of rural land use inventories 1s 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 managément 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 variocus statistical agencies, mail
gquestionnaires, and specific sample surveys. Later, vertical
aerial photographs were added to the data sources and permitted
the rapid location and quantification:of certain land use
characteristics (Coppock, 1963; Luney and Dill; 1970).
Unfortunately, the current level of automatic interpretation
and the relatively poor spatial reéolﬁtion 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 class-
ification of rural land use can only be established under
relatively broad categories with large fields and not indiv-
idual small fields or small holdings. However, orbital imagery
can provide valuable assistance in the form of rapid éynoptic
coverage of -large regions which cannof be achieved by convent-
ional 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 (1975) repoxrts that considerable improvement in both
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data acquisition and processing will be necessary before

brbital‘MSS data can be used operationally. The following
references provide a general cross-section of the nature

of this type of investigation :-

Allen, (1975); Bankston, (1973); Carlson et al., (1974);
Draeger and Benson, (1972); Hall et al., (1974); Haralick
and Shanmugam, (1974); Horton and Heiiman, (1973); Johnson
and Coleman, (1973); Jones, (1974); Kriegler et al., (1972);
Lundelius et al., (1973); Mooneyhan, (1973); Mower, (1972):
Owen-Jones, (1975); Ratri and Capozza, (1974}; Richardson
et al., (1974); Roberts, (1975); Savigear et al., (1975);
Shelton and Hardy (1974); Simonett, (1974); Sweet and Pincura,
(1974); Thomson, (1973); Turinetti and-Mintzer, (1974).
3.1.3. INTEGRATED LAND SYSTEMS SURVEYS

An integrated land systems method was developed by the
Australian C,5.1.R.,0, Division of Land Research in order to
carry out preliminary éurveys of land resources in the
Northern Territory, N.W. Queensland, the northern part of
Western Australia and Papua (Young, 1973)., Details about the
concepts of these'surveys have been well-documented by
Christian and Stewart (1968), According to Blake and Pai jmans
(1973), a "land system" was initiallf defined as aﬁ area or
group of areas throughout which there was a recurring pattern
of topography, soils zand vegetation.

As vertical aerial photographs became readily available
they became the major information source for the recognition
and delineation of the land systems because "the recurrence

of a number of (land) units within a land system in a regular
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pattern gives rise to a distinctive pattern on the aerial
photograph" (Christian and Stewart, 19638).

The surveys have been accomplished by a team usually
consisting of a geomorphologist, plant ecologisﬁ and pedologist
who delineated preliminary land systems on the basis of air
photo interpretation which was followed by field checking.
Affer the field check, the data from the team members were
integrated and descriptions of‘fhg systems and their sub-:
systems {or land units) together with an assessment of their
capabilities and resources were published.

The C.S.I1.R.0. integrated Tand systems approach, due to
its rapidity and comparatively low cost, has been adopted
and used in a number of countries and the British Directorate
of Overseas Sufveys Land Resources Divisions use essentially
the same method for plamning agricultural development in
extensive, unsurveyéd regions (Mitchell1,1973). Similar
methods of landscape evaluation have been developed in U.S.S.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 East Papua which places more
emphasis on landforms and rock typés which are mapped by the
geomorphologist mostly independently from the plant ecologist.
The same survey team structure is maintalned as well as the
basic techniques using aerial photography and field data
(Blake and Paijmans, 1973). Wright (1972a) also maintains’
that geomorphology can provide the necegsary classificatory
framework which will permif the team specialists to co-

ordinate and extrapolate their finding and he has presented a
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detailed account outlining the principles and préblems
involved in devising the framework.

Criticisms of the land systems approach have included the
comments that thé technique of mapping patterns from aerial
photographs 1s too subjective as it mainly depends on the
available field déta and the bias of the individual members
of the survey team. 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 c¢laim,
affects the reliability of comparing land systems in one area
with those in another area if thev have been detérmined by
different survey teams. Another criticism of this‘approach
has been levelled at the concentration on the descriptioﬁ
of the physilcal environment compared to the brief evaluation
sections which contain no economic analysis, Furthermore,
Young, (1973) reports that the technique has been condemned by
Davidson (19565), 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
money. 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 he
predicted. But he agrees that, although there is merit in
this approach, the development of a versatile survey procedure
based on an ecological method has not yet eventuated, Similarly,
Rogers (1972) stressed the need for an ecological approach
to resource survevs but did not offer any advice on how it

could be implemented.
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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 (1974) has stated that "the
potential contribution of satellite imagery to integrated
surveys in developing countries is only beginning to be
appreciated"., He claiﬁs that the major problem has been due
largely to the resolution and small scale of the orbital ima-
gery and the difficulty of identification and he has pro-
posed a list of hierarchical land-units that could be incor-
porated in integrated surveys using orbital imagery.

The problem of identifying land units has been considered
by van Genderen(IQZZa,1973ﬁ)wﬁo suggested that meaningful
boundary delimitations can be made on orbital imagery using
various image enhancement techniques, These have been incor-
porated into an experimental procedure involving the analysis
of imagery using conventional visual photo-interpretation
methods and tested in the Murcia regic.m of S.E. Spain.

3.1.4, SUMMARY

Overall, the integrated land systems surveyé have played
an important role in rapidly providing descriptions of under-
developed regions, But, the criticisms about which discipline
should be emphasised e.g. geomorphology, ecology, economic and
the subjective nature of the description of land systems do
not directly affect the nature of the delineation of boundar-
ies in small scale ruralt 1apd use surveys be%ng considered in
this investigation. The major concern is to identify and
classify the various ways in which the surface 6f the land is
being utilised at a particular time rather than produce a

complete enumeration or description of the region, However,
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it is interesting to note that Alexander (1973 a)has reported
that the CARETS (Central Atlantic Regional Ecological Test
Site) investigators of the Geographic Applications Program,
U.8, Geological Survey have set up a basic hypothesis of
interdisciplinary regional analysis in which"land use at

least in a highly developed region, is an indicator or result-
ant surface expression of several interacting environmental
processes ! Also they claim that of all the environmental and
socilo-economnic processes which contribute to the surface
patterns, land use is the one with data sets most accessible
to LANDSAT sensors. On this basls, the CARETS investigators
believe that remote sensor derived data sets and land use
should become the "basic data entry into a regional information
system to serve regional planners and land managers". They
also believe that the dividing of LANDSAT data into sub-sets
or photomorphic regions may provide a very economical sampling
strategy for selecting sites for more detailed measurements

if many other environmental variables prove to be correlated
with the similarity of patterns on LANDSAT imagery.

The over-riding problem in small scale 1qnd use surveys
based on orbital imagery appears to be the lack of a detailed
methodology which outlines the most satisfactory techniques
that could be used in pre-processing, interpretation, class-
ification and the establishment of ground truth and would
be appropriate for use by countries which do not possess
sophisticated equipment, Consequently, 1t seems that the most
logical approach in reviewing the existing "state of the art"
would be to consider, in a general sense, a cross section of
investigations and applications that have been used in various

studies around the world,
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3.2. REVIEW OF RELEVANT UNITED STATES RESEARCH
3.2.1,INTRQDUCTION

Small scale land use surveys utilising LANDSAT MSS
imagery have been' widertaken in many patrts.of the world using
a wide variety of techniques. The majority of these surveys
have been carried out in the United States or by United
States organisations on behalf of foreign govermment or organ-
isations. However, the situation in the United States is not
typical of the rest of the world, excluding North‘Western
Europe., Most countries have not had the advantages of exten-
sive and up-to-date background information in the form of
topographic maps, agricultural statistics serviges,_existing
land use maps and readily accessible aerial photography.

Also, there has been very active concern in the United States,
- during the last decade or so, with the wide-ranging effects

qf population pressure on the envirconment, including the
encroachment of urban expansion on rural areas, the intrusion
of recreation pursuits on relatively untouched regions as well
as the many forms of énvironﬁental pollution. (Anderson &
Place (1972), Bale and Bowden (1973), Place (1974).

This concefn over the future of the environment has led
to the introduction of legislation at State and local govern-
ment levels which has either directly or indirectly, instigated
a series of land use surveys, (Brown et al., 1973; Numnally,
1974; Carlson et al,, 1974). Furthermore,since 1970, a number
of legislative proposals at Federal government level have
been introduced including "The Land Use Polic& and Planning
Assistance Act 0f‘1973" which aimed to develop and implement

a natural land use policy, in association with State and local
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baodies, which would incorporate envirommental, aesthetic,
economic, social and other factors., The Act was not passed in
the House of Representatives but it acted as a catalyst

which activated a host of investigations throughout the
country by Federal, State and local government organisations
as well as many tertiary institutions (Lindgnan and Simpson,
1973; Shelton and Hardy, 1974).

Some of the main problems foreseen in the implement-
ation of the new Federal Act were the recording 6f the land
use characteristics so that future planning could dperate
from a suitable base and the development of a method which
could rapidly monitor land use changes. With the launching
of ERTS 1 (LANDSAT 1) in July, 1972 a vast amounf of environ-
mental information became available every 18 days aﬁd this
led to a wide variety of interpretation, classification and
map-making investigations. Many of these were essentially
computer-based inventory techniques which have been discussed
briefly in Section 3.1.2 where a broad range of articles on
descriptions and criticisms have been listed. However, most
of these investigations have not reached the operational stage,

3.2.2, GENERAL REVIEW

A number of studies have investigated the extent to
which conventional image interpretation and computer-based
analysis techniques could be applied to LANDSAT daté in order
to detect, classify and measure the extent of land use over
large areas (Dornbach and McKain, 1974; Brown et al.,1973,
Wilms, 1973). But, as mentioned previously, one of the aims
of this research is to consider uncomplicated and inexpensive

techniques that may be incorporated into a methodology that
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could be used in countries which lack sophisticated equip-
ment and highly trained staff, Therefore, the following dis-
cussion will concentrate on presenting a general outline of

a number of relevant United States research projects which
have utilised LANDSAT data to produce small scale rural land
use maps. However, as stated earlier, many of the procedures
adopted in most of these studies cannot be appiied in other
countries because the U.S. researchers have had the advantage
of extensive background material and, in some cases, special
high and/or low altitude sub-orbital photography was flown

to coincide with the acquisition of the orbital imagery. An
attempt will be made to outline the level and direction of
the pre-processing, interpretation, classification and ground
truth procedures adopted,

One series of investigations in the Central Coastal
Region of California by Estes, Thaman and Senger, Geography
Remote Sensing Unit, University of California, Santa Barbara
before and aftrer LANDSAT imagery became available has shown
how small scale orbital and aircraft imagery could be used
to investigate and monitor regional land use changes., (Estes
and Senger, 1972). In later studies, the major emphasis was
placed on the establishment of a detailed data base of the
region and a classification system was devised for the prepar-
ation of land use maps using high altitude colour photography
and selective ground reconnaissance (Estes, 1973). This back-
ground material was then used to evaluate the information
content of LANDSAT imagery with regard to land use mapping
and it was found that the classification system required

modification. In addition, they found that the spatial
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resolution of the imagery placed limitations on the amount

of detail that they could identify. The smallest area class-
ified was 2.641 sq. km, which represented approximately

0.026 sq. cm, on the image at a scale of 1:1,000,000. But they
claimed that the resolution restrictions could be off-set

to a large extent by the synoptic overview provided by each
LANDSAT frame.

In a recent report, Estes, Thaman and Senger (1974)
outlined the procedure that they adopted in thelr analysis of
LANDSAT daté and provided some guidelines that could be incor-
porated in the development of a detaiied methodology for the
production of small scale land use maps employing -unsophisti--
cated techniques, These suggestions were derived after invest-
igations 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 the LANDSAT images which were optically enhanced by mag-
nifiers and stereoscopes. They believe that, after the prep-
aration of a suitable classification scheme and the establish-
ment: of an adequate data base, the following stages should
be followed:-

* (i) an initial phase during which the image interpret-
ers familiarise themselves with the unique scales,
résolution, contrast and tonal and textural chare-
acteristics of LANDSAT imagery

(i1) preliminafy interpretation of the imagery for re-
presentative test sites to detefmine the interpret-
ability anﬁ classification.xrelated information

content of the LANDSAT imagery
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(iii) evaluation and modification of classification schemes
based on the preliminary studies
(iv) completion of data base maps for the entire California
test site _

(%) the application of LANDSAT data to ancillary problems
with particular focus on interfacing with and trying
to encourage resource management agencles 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 resolition creates problems when a wide range

of environmental phenomena are located in small areas. Dut,
as they emphasised in previous reports, the synoptic overview
and the relative ease of repetitive monitoring and up-dating
offer compensating advantages.,

The Geographic Applications Program of the U.S.
Geological Survey (GEQ GAP) has initiated a series of invest-
igations involving LANDSAT imagery. One study has considered
the Phoenix quadrangle, Ari;ona and, initially, the project
was designed "to make effective use of past experience in
making land use maps.and collecting land use information*
and to investigate ways 1n which small scale orbital and
aircraft imagery could be ufilized (Anderson and Place,1977).
The first specific objective was to make a small seale land
use map (1:250,000).using Apollo 9 and aircraft imagery using
at least eight major categories and several sub-categories
which could be identified and mapped. The second major object-

ive was to develop a " geographically oriented data bank of
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land use information” that could eventually be digitised and
‘The computer would "print out on all land use maps, iand
use information in tabular form and to make several differ-
ent kinds of analyses of land use",

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.S. Geological Survey and a
large amount of current imagery was available, Also, the clear
skies and low latitude ensured that additional_imagery from
future marmed and un-manned satellites should be available.

During the initial investigations, imagery was mainly
cbtained using conventiopal aerial cameras with a variety of
film-filter combinations but considerable emphzsis was placed
on~colou£ infra-red photography. In order to verify the inter-
pretations of the aerial photography, ground information was
collected by field teams, Occasionally low-ilying aircraft
were fitted with "metric cameras with 1ong-foca1 lengths® to
collect photographic samples of ground conditions which could
serve as checks in the interpretation of the "lower resol-
ution satellite~type photographs".

Probably the greafest interest created by the initial
Phoenix quadrangle study has been its associatidﬁ with
attempts To construct a versatile classification scheﬁe that
could be used inrpreparing small scale land use maps from
orbital imagery. The researchers agreed that, although it
was very unlikely that one ideal classification of land use
would ever be developed or accepted, there was a definite
need for a standardised approach. So, prior to the final con-
struction of thelr classification they listed certain criteria

that should be attained,viz.
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A minimum level of accuracy of about B85%

to 90% or better should be approached in the
interpretaion of the imagery being used.

A well~balanced reliability of interpretation
for the several categories included in the
classificarion scheme shéuld be attained,
Repeatable or repetitive results should be ob-
tainable from one interpreter to another and
from one time of sensing to another.

The classification séheme should be useable or
adaptable for use over an extensive area,

The categorisation used in the classification
scheme should permit vegetative and other cover
types to be related to activity-oriented categories
whenever possible,

The classification scheme should be suitable

for use with imagery taken at different times
during the year.

The classification scheme should permit effective
use of sub-cateéories that can be obtained from
ground surveys or from the use of imagery avail-
able at a larger scale or with the use of colour
photography.

A need to collapse the categories of the class-
ification scheme into a smaller number éf categories
must be recognised,

Comparison with land use information compiled

at earlier points in time and with data that will
be collected in the future should definitely be

possible.
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10. The classification scheme should recognize the
miltiple-use aspects of 1and'use whenever
possible”.

Detailed explanations of these criteria have been reported
in a separate article(Anderson, 1971).

A land use classification soheme for the Phoenix area
was then established and it was evgluated against the suggest-
ed criteria and, although some criteria could not be satisfied
immediately, the overall scheme worked satisfactorily. Thg
researchers concluded that land use maps "of xreasonable
accuracy and qualitv" could be compiled at a scale of
1:250,000 from orbital imagery and that "agreement on a frame-
work or scheme of land use classification for use with orbital
imagery will be necessary for effective use of land use data'.
This desire fér a satisfactory scheme was viftually fulfilled
when a Land Use Classification System for use with Remote-
Sensor Data was presented in U.S. Geological Survey Circular
671 (Anderson, Hardy and Roach, 1972), The system was designed
so that it could be used with remote sensing imagery with
minimal reliance on supplementary information at two general-
ised levels of categorisation (ie. Level 1 and Level 2) (see
Tables 3.1, and 3.2). Also, a modified list of eriteria which
the system should meet was included in the Circular. They were
based on the list that was previously proposed by Anderson
and Place (1972). A more detailed discussion of this class:.
ification system is presented in the next part of this
investigation (see Chapter 4),

fater investigations in the Phoenix quadrangle were
primarily designed to test and verify the validity of the land

use classification system proposed in U.S.G.S. Circular 671
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as well as analysing the applicability of LANDSAT imagery
for detecting land use chaﬁge§ and up-daring maps (Place,
1974). LANDSAT 1 9"x 9" 1:1,000,000 transparencies were
interpreted using a range of techniques including the use
of colour composites and an IZS colour additive viewer to
create a number of specific colour composites using selected
spectral bands at different time periods. After testing many
techniques the researchers claimed that the best method of
distinguishing land use change was by making seasonal compar-
isons of LANDSAT colour composites using bands 4, 5 and 7.
Another study initiated by the Geographic‘Application
FProgram of the U.S.Geological Survey has been reported by
Alexander (1973a) who described the use of LANDSAT colour - .
composite images in a preliminary study of land use class-
ification and 1and use change in the Central Atlantic
Regional Ecological Test Site (CARETS), Significant land use
changes were identified using conventional visual interpret-
ation techniques and enlargements of thg colour composites
in association with 1:100,000 maps produced from 1970 high
altitude photography. These results were achieved after the
interpreter familiarised himself with the principal visual
signafures of thé various land use tTypes as they appeared on
the enlarged LANDSAT imagerv, Land use classification was
based on the U.S. Geological Survey Land Use Classificatioﬁ
System (U,S5.G.S. Circular 671) and the interpreter attempted
to claséify the existing land use to second order of accuracf,
ie, Level 2. Attempts were then made "to verify whether
chaunges had actually occurred and whether the correct inter-

pretations of that change had been made" by utilising the
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1972 LANDSAT underflight (U-2) photography of the area., The
researchers considered that the results of the land use change
analysis was highly promising even without employing more
sophisticated spectral signature techniques that werepossible
with the LANDSAT multi-spectral data. They also claimed that
a high proportion of Level 1 and 2 land use was detected and
identified correctly.

In another asscclated investigation LANDSAT imagery of
the CAREIS region was examined at a variety of scales ranging
from contact prints of 70mm film chips supplied by N,A.S.A,
at a scale of 133,369,000 to enlargements up to 1:100,000
(Anderson, 1973b). One procedure that was found.to: be wséful
for a regional overview was the productidh bf én uncontrolled
mosaic from enlarged prints of band 5 imagery at 1:1,000,000,
A zonal map based on visible tones and textures on the mosaic
was constructed and the patterns were compared with existing
small scale maps of the region representing felief, land
surface forms, geology, soils, vegetation, forest types and
land use. Aé mentiéned previously, it was found that the zones
located on the LANDSAT mosaic most closely resembled the
patterns on the existing small scale land use map. This dis-
covery supported the hypothesis of the CARE$S investigators
that remote sensor derived data sets on land use and land uée
change should become the basis for a regional iﬁformation Sy =
stem which could serve the needs of regional planmers and land
managers.,

Many other studies have been independently initiated
throughout the United States and land use maps with various
scales and/or c¢lassification systems have eventuated, In

Nebraska, a 7 colour 1:1,000,000 scale,Level 1 general land
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TABLE 3.1 A LAND USE CLASSIFICATION SYSTEM FOR USE WITH REMOTE
SENSOR DATA (U.S. Geological Survey Circular 6713
Ue8« Department of the Interior, 1972)

Prepared by: J.R. Anderson, E.E. Hardy, J.T. Roach

Level 1

Level 2

1.

3.

Urban and Built-up Land

Agricultural Land

Rangeland

Forest L.and

Water

Unforested Wetland

Barren lLand

Tundra

Permanent Snow and Ice Fields

l.
2.
3.
4,
5.

6.
7.
8.
9.
1.
2.

3.
4.

1.
2.
3.
L

1.
2‘
3,

1.
2.
3.
4.
Se

1.
2.

1.
2.
3.
4.
5.

Residential

Commercial Services

Industrial

Extractive

Transportation, Communications,
and Utilities

Institutional

Strip and Glustered Settlement

Mixed

Open and Other

Cropland and Pasture

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

Feeding Operations

QOther

Grass

Savarmas (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 3, 22 TENTATIVELY PROPOSED REVISIONS FOR A LAND USE
CLASSIFICATION SYSTEM FOR USE WITH REMOTE SENSCR DATA
(F.5.G.S. Gircular 671)

Prepared by: James R. Anderson, Chief Geographer,
U.5. Geological Survey; October, 1973

Level 1 Level 2

1.

8.

9.

Urban and Built-up Land 1. Residential

2. Commercial and Services
{including imstitutional)

3. Industrial

4, Extractive (excluding strip
mining, guarries, and gravel
pits, etc.)

3. Transportation, Communicatioms,
and Utilities

6. Mixed (including strip and
clustered settlement)

7. Open and Other

Agricultural Land 1. Cropland and Pasture
2. Orchards, Groves, Vineyards and
Ornamental Horticultural Areas
3. Coufined Feeding Operations
4. Other

Forestland 1+ Deciduous

2. Evergreen (coniferous and -others)
3. Mixed

Wetland ’ 1. Forested
2. Non-forested

Rangeland i. Herbaceous Range
2. Shrub-Brushland Range
J. Mixed

Water 1. Streams
2. Lakes
3. Reservoirs
4. Bays and Estuaries
S. 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 inm Alaska and
will be reported separately)

Barren Land 1. Salt Flats
2. Beaches (including mudflats)
3. Sandy Areas other than Beaches
L. Bare Exposed Rock
5. Strip mines, quarries, and

gravel pits

6. Transitional Areas
7+ Other

(from Third ERTS Symposium, N.A.S.A., 1974, pp. 31-32)
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use map was produced during the summer of 1973 for the State
Office of Planning to assist in the preparation of recommend-
ations for land use planning regulations (Carlson et al, 1974).
Alarger 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 LANDSAT imagery at Level 2 classification. The major
purpose of the small scale map was "to be a tool for orient-
ation and for visual impact of both the 1énd use data and
remote sensing applications', This was achieved by considering
LANDSAT imagery at 1:250,000 scale and then reducing it to
1:1,000,000, The major interpretaﬁion technique involved the
use of colour additive viewer with various filter and spectral
band combinations in order to enhance certain categories, No
details of ground truth proéedure ugsed in the production of
the small scale map were provided but the authors stated that
after field checking the map was found to be 90% accurate.
Brown et al, (1973) University of Minnesota, in cao-opers
ation with regional, State and Federal agencies associated
with land management responsibilities, examined LANDSAT 1
imagery to determine its suitability for satisfying some of
the land use data needs in their state, They developed land
use class definitions that could be operationally employed
within the overall framework of the exlisting Minnesota Land
Management System, They distinguished four broad aresas of
land use in their test site and did not coasider the guidelines
provided by U.S,G.S. Circular No 671. However, before they
made their final detailed classification they consulted local

and State land and resource management authorities regarding
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their information needs., Overall, they found that the poten-
tial of the TANDSAT imagery as a basis for mappiﬁg land use
information was beyond their expectations and that, by using
high quality imegery at appropriate seésons of the vear, their
unsophisticated techniques yielded much more detailed land
use detail than existed at that time, This, they claimed, was
achieved in their state which was already regarded as a lead-
er in the field 6f land management. The main interpretation
procedures involved the use of 70mm positive transparencies
which were projectéd individually or combined in a Mini-
Addcol viewer. The colour combined schemes were photographed
and projected for interpretation at scales ranging from
1:250,000 to 1:30,000, Later experimental analyses included
an 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
support thelr investigations and that they were based on
field investigations and a variety of aerial photographs but
did not elaborate any further,

Sweet et al., (1974) have used LANDSAT 1 and Skylab
imagery in assocliation with conventional and multi-spectral
underflight photography and radio-metric gréund observations
in experimental studies using a variety of interpretation
techniqueg; A wide range of interpretation equipment was
available including a multi-spectral viewer and density
slicing colour viewer with. built-in electronic plaﬁimeter. Also,
LANDSAT 1 MSS data was received periodically in 70 mm,

24 cem x 24 com imagery and digitised tape formets., After this

investigation, they concluded that N.A.S.A. satellites
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could provide the data necessary for comprehensive and
routine inventorying and mapping of Ohio's matural and cultural
features at scales of 1:24,000 and smaller at less cost and
with better accuracy than with previous techniques. They
used the U.S. Geological Survey Circular No 671 Land Use
Classification as the basis for their land use surveys.
Researchers at the Universify of California, Riverside
also found that LANDSAT 1 imagery has great potential for
monitoring land use change-as well as a dapa source for future
regional planning.in the Northern Coachella Valley, California
(Bale and Bowden, 1973). Their rescarch was activated by the
concern of Federal and 3State agencies who wanted to monitor
the effects of the recreational pursuits of people from the
heavily populated coastal plain on the sensitive arid envir-
onment, LANDSAT 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 interpretation and field work,
Land use classification was based on previous conventional-
surveys. Most of the mapping was accomplished using enlarged
positives or projected slides teken from images previously
projected onto the screen of an additive viewer using bands
4,5 and 7. Two different formats of LANDSAT 1 imagery were
used in the viewer to produce false colour images. Selected
portions of 24 x 24 ecm 1:1,000,000 positive transparencies
and complete 70 mm 1:3,360,000 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 approximately 1:150,000 but provided

less resolution than the 70 mm transparencies. Further
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enlargements up to 1:62,500 for the actual mapping processes
was achieved by producing positive enlargements or by pro-
jecting slides of portions of the reconstructed image on the
colour viewer view plate. The researchers c¢laim that "resol-
ution usually extended to 80 acre 1/3 sections” (approx. 33
hectares) but was better where intense spectral signatures -
were assoclated 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 land use had been mis-interpfeted but overall the location
of boundaries could not be determined accurately., Several
factors that'influeﬁced the quality and resolution of land
use information obtained during the investigation were listed,
viz. the scale of the final map, the availability of second-
ary data sources, the expertise of the interpreter and his.
detailed knowledge .ofthe area.

In addition to the general tfend of complimentary remarks
about the ability of LANDSAT imagery to provide valuable
data for the preparation of satisfactoxy;basé,maps'ﬁor?iegional
planning, groups of researchers have emphasised how the
imagery 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. ﬁowevér, they claim
that the mapé displayed considerable accuracy when compared
with maps compiled frém high altitﬁdé aircraft imagery. Also,
in the previously mentioned investigation by Estes, Thaman
and Senger (1974) they reported that they produced an 8 cat-
egory land use map of the Central Coastal Region of California

in 7 man-days (an area of 52,213 sq. km).
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3.2,3, LOW COST AND UNSOPHISTICATED TECHNIQUES

It is apparent that few research projécts have been
undertaken in the United States specifically to investigate
unsophistiéated and inexpensive land use mapping techniques,
One interesting investigation by Hardy, Skaley and Phillips
(1974) of Cornell University was carried out to develop low
cost, manual techniques that could be used to enhance
LANDSAT 1 imagery and to prepare it "in suitable form;t for
use by users with wide and varied interests xelated to land
use and natural resources information". They asserted that
"experience has shown that the more sophisticated the method
of processing resource information, the smaller is the numbar
of potential users of that information". They believe that
this situation is mainly due to the fact that most local
officials associated with resource management decisions "do
not feel at ease with, or trust, information prepared in a
manner they themselves cannot accomplish or duplicate", .
Therefore, thesy have directed fheir investigations towards
low cost, manual interpretation techniques incorporating
photographic processes, During the inital stages the rescarch-
ers experinented with films and filters to provide a more
balanced density range of the 70 mm LANDSAT film chips. This
permitted the imagery to be enlarged to scales of 1:150,000
or larger with better spatial resolution. Positive trans-
parencies carefully prepared f&om the negatives were then run
through the diazo process and any of the spesctral bands
could be produced in cyan, magenta or yellow. When band 4
(yeliow), band 5 (magenta) and band 7 {cyan) were printed

and superimposed they produced high quality false colour images,
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Enlargement of the false colour images to scales as large as
1:66,000 were made and the researchers claim that information
for land use classification could still be interpreted.
Other experiments have been carried out by Hardy, Skaley
and Phillips and they assert that "although work nseds to be
continued on the development of a prediction model of the
possiblé combinations of colour and what they relgtezto} we
have been ablé to identify any land use information by isola-
ting it in a colour of unique contrast with its surrounding
areas", Furthermore, they claim that the prepared imagery
has high resolution capabilities and boundaries between con-
trasting colours and hues are sharp. They also ﬁaintain that
imagery can be used for the direct transfer of data at scales
of 1:250,000 (with map units of approx. 25 hectares) to
1:150,000 or larger and with projection techmiques and in-
expensive equipment it can provide excellent results at
1:24,000 or 1aréer. Also, they have suggested a simple pro-
cedure for data extraction, viz,.
"1, Prepare a base map at the desired scale with
a few geographic references such as lakes and
streams- .

2, Trace regions of like hue identified as homogenous
spectral category onto the overlay.,

3. Construct a spectral map from different composites
to fill in the desired information for the
mapped area.

4. Relate areas to Universal Transverse Mercator
coordinates and record on appfopriate forms for

computer storage and retrieval."”
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The accuracy 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%. T@e reégarchers
have found this technique very useful for up-dating previous
inventories, analysis of seasonal change, compilation of new
mzps e.g. forestry and agriculture, the isolation of one spec-
ific land type or land use and that it has been used by
planning agencies and a number of state agencies, The claimed
advantages of the system are its low cost, high accuracy levels
wide selection of operational sczles, the material is readily
understood and that it does not require expensive and sophist-
icated equipment, They maintain that "the whole process can

be carried out anywhere in the world with equipment costs

of § 10,000 or 1ess". Unfortunately, the last assertion tends
to contradict one aspect of the objective of this study, viz.
a low cost system because the researchers' perception of low
cost may not necessarily match the views of researchers in
other countries.

It appears that no recent comprehensive review of U.S.
investigations that have used unsophisticated 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
U,S, examples, He states that conventional visual interpret-
ation of MSS imagery using cues of tone, texture and pattern
to define land use has been the most common method used and
all Level 1 and many Level 2 categories were identified at

acceptable levels, Black and white imagery of individual
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bands and colour composites constructed mainly from bands
4, 5 and 7 have been the primary data bases and the most
satisfactory results have been achieved by interpreting colour
composites at scales ranging from 1: 1,000,000 to 1:100,000
with 1:250,000 being the most common.He also asserts that sultable
results have been obtained using simple techniques involving
optical magnifying instruments and qtandard 1:1,000,000
colour composites or by direct visual interpretation of the
enlarged colour composite. The most common smallest unit area
that has been consistently identified and measured has been
40 acres (160,000 mz) whilst some researchers have claimed to
have achieved 10 acres (40,000 m2), A higher degree of class-
ification has been obtained using additive viewers and other
more.refined enhancement techniques but Joyce points out that
they are time-consuming and require special equipment 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 éost and time. He also uses this argu-
ment for most Level 2 categories but he does concede Fhat the
colour enhancement techniques can be very beneficial in
extracting specialised information not generally required at
Level 2. He believes that there are advantages and disadvant--
ages associated with both the visual interpretation and com-
puter based classification systems and that some balanced
combination of the two will need to be produced in order to
extract the maxlimum amount of inférmation from the LANDSAT data.
Peterson (1975) has produced a short article designed to

assist geographers interested in land use mapping and has
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suggested certain techniques that could be helpful. He does
not suggest any special pre-processing of the data other than
the technigques used to produce the normal "off-the-shelf"
material available from EROS Data Centre. He also suggests
that the U.S. Geo}ogical Survey Circular No. 671 Land Use
Classification System could be used in association with a
colour coding system proposed by Paludan (1973) at a scale
of 1:1,000,000, Essentially, the interpretation procedures
are unsophisticated and designed for the delineation of
categories at the same scale.-The author stresses that the
use of imagery from different seasons is important for accur-
ate interpretation, No ground truth techniques were presented,
3.2.4., SUMMARY

Overall, the United States researchers have considered
a very wide range of techniques in the pre-processing, inter-
pretation, classification and ground truth stages. However,
most reports 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
(Hardy, 19733 Hardy et al., 1974; Dragg, 1974 ) or their
attempts to classify land use (Nunnally and Witmer, 1968;
Anderson and Place, 1972; Anderson, 1971; Anderson et al.,
1972), Very few reséarchers have attempfed to give extensive
descriptions of ground truth and interpretation procedures
although accuracy levels have often been stated, This may
have been due to thé fact that the very good supply of second-
ary information in the form of existing detailed land use,
and topographic maps as well as low and high altitude
photbgrapby-~cou1d have provided much assistance, Oz, it may

have been felt that these techniques have been adequately
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reported in other investigations., Therefore, it appears

‘that no published report of any United States investigation
can be used Tto provide adequate puldelines for the production
of small scale rural land use maps from LANDSAT imagery using
inexpensive techniques,

Probably the major direct contribution of the United
States studies has been the development of the land use class-
jfication scheme for use with remote sensor data by tpe U,S.
Geological Survey {(Anderson, 1971; Anderson and Place, 1972);
Anderson et al., 1972, Anderson, 1974) which attempted to
standardise land use mapping throughout the U.S. It seems that
this aim has been achieved to a large extent as many of the
recent reports have tended to adopt it. However, this may have
been due to expendiency on the part of the researchers and they
may have merely adopted it for convenience and spesed, Also,
it may have been caused by the fact that the researchers worked
for, or may have been sponsored by, an organisation that had
accepted the scheme, Some researchers, however, have been
restricted by an existing scheme that had been established
before the U.S.Geological Survey classification was introduced.

In general, U.S. researchers have emphasised that the
synoptic coverage and the rapidity of data collection have
given LANDSAT MSS imagery distinct advantaées in small scale
land use studies by providing géneralised land use information
as well as assisting in the monitoring of land use changes.

But the reasons for the level of accuracy in the final maps
have often been attributed to different factors by different
researchers. Some of the factors that have been emphasised

include the final (or completed) scale of the map (Hardy et al.,
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1974; Nunnally, 1974), the t;me of acquisition of the imagery
(Place, 1974; Carison et al., 1974; Peterson, 1975), the
interpreter's knowledge of the area (Bale and Bowden, 1973;
Estes et al., 1974; Nunnally, 1974), the spatial resolution
of the imagery (Lins and Milazzo,1972; Hardy et al., 1974;
Thaman, 1974), the nature of the classification system
(Nunnally and Witmer, 1968; Anderson, 1971) and the type of

pre-processing systém available {(Joyce, 197&?;Estes, 1974).
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303 REVIEW OF RELEVANT RESEARCH TN OTHER COUNTRIES -

3,3.1. INTRODUCTION

Outside of the United States varilous attempts have been
made to investizate the feasibility of utilizing LANDSAT MSS
imagery in the production of smell scale land use maps. Overall,
they have not been as elaborate or extensive in their'scope
and have genérallv employed un-sophisticated and less expensive
techniques. As far as can be determined no comprehensive
reports of non- United States research have been published.
However, this review is not intended to provide an exhaustive
cover of investigations. Instead; a repreéentative range of
studies will be presented in an attempt to demonstrate the
approaches and trends that have been considered dealing mainly
with pre-processing, lnterpretation, classification,sampling
and ground truth procédures. Onily those workers involved with
visual techniques are discussed,

3.3.2., THE NETHERTANDS

Several studies utilizing LANDSAT imagerv in developing
countries ﬁave been carried out by members of I.T.C. Enschede,
Holland. Among them, Rijnberg and van der Broeck (1975) have
mode use of LANDSAT data in a preliminary soil survey and
land suitabilitv classification of a portion of S.W.Sudan to
determine areas suitable for mechanlsed rain-fed farming.

The imagery was used for basic data collection in this remote
area where no aerial photographs or reliable maps exist and
has also provided a basis for future plamming. Preliminary
investigations were also undertaken in a range of associated
studies including mapping exlsting land use, Imegery consisted
of black and white prints of each spectral band at 1:1,000,000

scale, 70 mm dia-positives of the same bands and dates as well
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as an ozalith print at 1:250,000 of band 7 for one date and

é colour comﬁosite of the same date and scale. Four undefined
"landscapes" were determined but identification was mainly
based on geomorphoiogical features and vegetation patterns,
The authors maintain that the use of imagery obtained at
different timés of the year should be considered especially
with regard to the use of colour composites as they belicve
that "the fine differences in colour express fine differences
in ecosystems". They consider that "these spectral properties
show to full advantage when soil moisture differences become
critical, at some point in the early stage of 'the dry season".
Another aspect tﬁat the investigaﬁors considered was the
possibility of extrapolatiﬁg "the value of a particular colour
at a specific position, to the same colour somewhere else”,
They claim, in a subjective manner, that this was apparently
possible to a large extent and that this technlque assisted
in the répid pfeparation of the interpretation map. Also,
compariscn with soﬁe recently acquiréd aerial photographs
indicated that the interpretation of the imagery had been
comparatively successful.

3.3.3. _SOUIH AFRICA

The Department of Planning, Pretoria has assessed the
value of TANDSAT imagery in urban and regional land use mapp-
ing and inventorizatlion for planning purposes using unsophis-
ticated techniques (ia Grange et alt,.1973). Cleérest images
were obtained using a stereoscope with 6X magnification
on black and white positive prints (1:1,000,000) of bands
5 and 7 with band 6 as a "good control"., Band 4 was difficult

to interpret. The type and intensity of agriculture was clearly
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distinguished and irrigated as well as intensive and extensive
dry land cultivations - were identified., The investigators
concluded that the LANDSAT imagery could make a significant
contribution to regional land use mapping. No indication of
any attempt to verify the interpretations by field checking
was made,

Other researchers (Malan et al., 1974) have experimented
with the production.of inexpensive l=500,600 false colour
photolithographic priﬁts of LANDSAT imagery which have been
usé& to a limited extent in agricultural land use planning
studies, According to the researchers, the quality of the
products have been consistently good and easy to interpret
with lLimited training.

A later znd very pertinént investigation by Little
and Scotney (1974), Department of Agriculture, Natal Provincial
Administration has aiso considered fhe utility of LANDSAT
imagery for producing land use maps using un-sophisticated
techniques. The research was designed to develop and test
methods that could be used to record and monitor land use
change and provide a basis for future land management pro-
grammes. The authors assert that due to the high cost and
the time required using conventional methods and materials
previous land use surveys in Natal had been unco-ordinated
and“patchv'gnd that there was a distinct néed for a standard-
ised land classification scheme, Their arguments folléwed.
closely those that were proferred by Anderson and Place (1971)
but they did not establish a basic set of criteria that the

system should meet., Their classification system contained

three levels, viz,
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Level 1 - to serve broad regional requirements
Level 2 - to contain information needed for sub-
regional needs
Level 3 = to key-in with the current town planning
classification in'Natal which records
detailed building and land use.
These categories were designated by an alphabetic and colour
coding system. Overall, the classification places more
emphasis on urban and built-up land than the U.S.G.S. Circular
671 cléssificatibn (Andérson et al., 1974) {(see Table 3;2)
and includes Transport, Recreation, Industry, Commerce and
Extractive Industries at Level 1 (see Table 3.3).
The major interpretafion technique considered was the
use of various combinations of colour transparencies made
by the diazo process. The resolution of the transparencies
were examined at various scales from 1:1,000,000 to 1:100}000
and the researchers decided that the most suitable scale for
land use detection was 1:250,000 which-permitted the ident-
ification of all Level 1 categories and some Level 2, The
interpreters had 1little experience with LANDSAT imagerv but
they had first hand knowledge of the area and claim that they
had 1ittle difficulty adjustiﬁg to the new format. Additional
detailed information from previous land use surveys carried
out in 1954 and 1972 was available and used as the major
method for establishing ground tfuth. A limited amount of
field inspection was undertaken,
The investigators concluded that the date of acquisition
of the imagery played an important part in the interpretation

procedure and they stated that more detail could be. extracted
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TABLE- 3,3 LAND USE CLASSIFICATION (Little and Scotney, 1974)

LEVEL 1 LEVEL 2
{Regional) (Sub-~-Regional)
LAND USE CODE LAND USE CODE COLOUR
Dryland arable and grassland ‘Ac
Sugar cane As
Irrigated arable land LAY
Pineapples Aa 738
High intensity crops (veg.) At
Inactive agriculture Al
Fibre crops (sisal, phorium) AE
Agriculture A Orchards Ao 737
Vineyards Av
Veld (grassland) . Ap 51
Veld (karoo bush) Ap 57
Veld {bush tliicket) Ap 740
Bantu farming Ab As above
*Pine plantation Fp
Wattle plantation Fw
Forestry F Gum plantation Fg 41
Poplar plantation Fm
Jungle Fj
Natural ponds, lakes, paas o
Artificially impounded water We
- 740
Water - Streams and rivers Ws
Resources Marine waters * Wi
Wooded wetlands (swamps) W
Viei Wb’ 735 1 740
Gentral business district Cu
Shopping centres Ge
Conmerce c Strip development (commercial) GCs 746
Tourist resorts Cr
Hotels and motels Ch
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TABLE 3,3 {continued) LAND USE CLASSIFICATION

LEVEL 1 LEVEL 2
(Regional) (Sub-Regional)
LAND USE GODE LAND USE CODE COLQUR

High density housing Rh
Medium density housing Rm
Low density housing rl
Strip development (Housing) Rs

Residential R Ribbon development (housing) Rd 745

Use Rural hamlet Rr
Agricultural plots and holdings Rp
Bantu housing (townships) Rb
Bantu housing (kraals) Rk
Bantu Housing (compounds) Rec
Heavy industry Th

Industry L Light industxy If 132
Outdoor recreation Or

Recreation 0 Game reserve 0g 739
National park On ’
Underground mining Eu

Extractive Stone quarry Eg

Industry E Sand and gravel pits Es 746 / 152
Opencast mining - Em

Public Areas P Public and semi-public areas P 744
Roads and major interchanges Th
Railway facilities Tr 734

Transport T Airports Ta 1740 [/ 747
Harbours- Ts 1740 / 747
Communications and utilities9 . Tt 744

Natural Rock . Exposed rock (sparse veg.) Nt 735 ) 746

and Sand Dune sand (nil vegetation) Ns )
Erosi 735

rosion -t X
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if the imagery could be obtained during different seasons.
They stress that,-in ofder to produce accurate land use maps,
the interpreter should have detalled knowledge of thé area
and should have_sufficiént base maps and aerial photographs
to accurately locate data. Furthermore, they believe that the
diazo transparenéies extend the range of interpretation and
have great potential.However, this view is not shared by
Viljoen andViljoen (1975) who assert that, although-in theory
diazo colour comﬁosites should be as good as photographic com-
posites, in practice their image definition is poorer.
3.3.4. SPAIN

An attempt has been made by Spanish researchers to util-
ize LANDSAT data in identifying large areas of citrus groves
and rice groves in the Valencia region of Eastern Spain
(de Sagredo and Satinas, 1973). The basic methodology involved
the delimitation of all the citrus trees and rice fields in
the test sites onNational Topographic Maps at a scale of
1:50,000 using ground truth information obtained from aerial
photographs and a receﬁt Citrus Trees Census. These plots were
theh reduced to yarious scales ranging from lziO0,0GO—to
1:400,000 and. then compared with enlargements of imagery from
each .spectral band of the LANDSAT imaéerv. Preliminary
results indicated that, once their simple techniques became
operational, the imagervy could be used in the production of
a small scale land use map to, supersede the exisﬁing one
fha; was'published in 1958,
3.3.5. SWEDEN

Researchers in Sweden have examined the possible uses

of LANDSAT 1 data for énvironmental studies especially water
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quality studies and land use mapping (Hellden and Olsson,
1976). In previous research, they established pre-processing
and interpretation methods involving traditional visual
techniques and "an objective evaluation of the grey tones"
which have alloﬁgd them to differentiate up to 18 different
land use categéries. Their latest investigation has involved
the production of a 12 category land use map of the County

of Kronoberg,iSouthern Sweden involving 27 map shegts at a
scale 1:50,000 based on black and white diapositives of the
four spectral bénds of LANDSAT imagery at a scale of
1:1,000,000. Pre-processing included partial erilargements

by means of an Additive Colour Viewer to produce false colour
composite pictures of bands 4 (green), band 5 (blue) and

band 7 (red). Detailed interpretation using a Sfereoautograph
B8S permitted further enlargement up to 6 times with the aid
of a connected pantograph. Additional enlaréement of selected
areas (up to 15 times) was carried out with an Interpretoscope,
One of the major controls on the 1evelion interpretation was
the spatial resolution of the recorded LANDSAT imagerv and
that certain objécts could dominate the recorded spectral
response and lead to misinterpretation.

The 12 1and use categories included gravel pits,fields,
pasturas, spruce forest, pine forest, deciduous forest,mixed
forest, meadow land, iakes, bogs, marshes and built-up areas
bur it has not been stated whethér the classification was
developed specifically for this area or whether it was édapted
from existing s&stems or whether any attempt had been made to
standardise thé classification system, Ground truth was

carried out but few details of the method adopted have been
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presented. The authors claim that preliminary results indicate
that the accuracy of the majoritv of land use categories
exceeds 85%. Also a partial check has been made possible

by comparing the final map with a beech forest inventory
carried out in 1967-68 and results of a ﬁreliminarv check
have been described as satisfactory.

3.3.6. UNITED KINGDOM

The probability of using orbital imagery Zor land use
mapping in the United Kingdom has attracted a certain amount
of attention and investigations have ranged from the applica
tion of fully computerised techniques which have plotted
corrected MSS data directly onto film (Smith, 1975) to less
sophisticated techniques. However, most of the research has
concentrated on other countries, This may have been due to
a variety of factors including the availabilitv of research
funds and the fact that the United Kingdom ié not particularly
suitable for the use gf MSS data due to the frequent cloud
cover, complex land use patterns and small field sizes. Also,
several large scale national land use surveys hqve bzen carried
out in the past (Coleman, 1961 ) and, at present, z national
land use survey of the developed areas of England and Wales
is being undertaken using vertical aerial photography
(van Genderen and Smith, 1975). Furthermore, the United Kingdom
ﬁas an extensive coverage of large scale t0pogra§hic maps,
thematic maps, vertical aerial photographs and statistical
services,

However, Brereton and White,(1975) have considered the
use of LANDSAT 1 imagervy in land use mapping in hydﬁological

studies as the nature of the land use can have considerable
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effect on many hydrological parameters, eg. evaporation,
soil moisture content, run-off, etc, Therefore, the provision
of up~to-date information on the amount and type of land use
changes could be very beneficial in their studies, Unfortunately,
they have found that although LANDSAT imagery offered synoptic
overviews and repetitive cover, one major drawback for United
Kingdom studies has been the strong likelihood of cloud cover
that either totally obscured areas or c¢reated haze problems,
On the frames that they selected,certain land use categories
were easlily detected, eg. urban areas, water bodies, and
woodland but areas with detailed land use and vegetation patterns
caused problems in interpretation. Rural land use was class-
ified into féur broad types, viz. intensive arable areas,
extensive pastures and common land, mixed farming areas and
woodlands. No deliberate attémpt was made to incorporate or
employ any existing land use classification system and the
establishmer'lt of ground truth information was not discussed.
Most of the interpretation was undertaken using black and
white photographic prints and colour composites at scales of
1:1,000,000 and 1:500,000 as well as & multi-spectral viewer,
They conclude that LANDSAT imagery is only useful for detecte
ing the broader feétures of geologvy, water movement and land
use, especially if imagery from different seasons is available
and that this type of imagery would have more value in arid
countries where the collection of the imagery is not affected
so much by atmospheric conditions.

A gréup of researchers at the Universitf of Bristol in
association with the Ministryv of Agriculture have carried out

a series of investigations to establish ground truth procedures
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for sensor testing and/or calibration and for estimating the
accuracy of remote-sensing analysis (Curtis and Hooper, 1974).
From their étudies, thevy have demonstrated that the notion
of a ground truth site varies according to the user’'s abjective
and the size of the study area. They have suggested that
the allocation of sample plots can be made “étatisticallv
more efficient 1f the area can be stratified into relatively
homogeneous areas ( e.g. grassland)” and the number of sample
plots can then be estimated by "the method of proportional
allocation”. The size of the sample plot should be determined
by "the study objectives, statistical considerations, scale
of phenomena and time factors™ as well as fhe total area
covered by sach frame. Another important aspect of their
studies involved a consideration Sf the tvpé of data that
can be collected in land classification anq agricultural
land-use studies. The main factors investigated were the time
of observation, crop height, crop colour, perspective, soil
exposure, apricultural treatments but the researchers pointed
out that the range of ground data that should be collected
depends on the nature of the region and its soil, relief and
climatic characteristics. In general, they believe that four
types of data are reguired if multi- purpose investigations
are to be performed, viz,., site morphology, crop/vegetation
cover characteristiecs, cultivation/husbandry features and
s0il surface conditions.

A later study (Williams and Curtis, 1975) has extended
the field studies to include seasonal and diurnal variations
of many of the previously mentioned factors using a mobile

ground multi-spectral data collection system and automatic
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recording systems that can be left running for several weeks
at a time, Also, the convenfional quadratting procedures
used in the previdus study to measure percentage crop cover
was found to be too slow and new photographic quadratting -
techniques are being developed, However, no details of this
new sampling procedure have been presented,

One of the most interesting and detailed U.K. studies
has beeﬁ presented by a group of researchers at the University
of Reading who have attempted to evaluate LANDSAT 1 MSS
imagery for erosion studies, land use analvsis and woodland
detection within Basilicata Province, Southern Ita1§ (Justice,
Williams, Townshend and Sévigear, 1976). With regard to land
use, their provisional results indicate that the ident-
ification of woodland can be carried out successfully in up-
land areas but other types of land use especially in lowland
areas are more difficult to detect. The researchers suggest
that the use of texture as weli as tone can provide useful
results., Initial pre-processing included the preparation of
enlarged prints of sélected areas from each channel of the
original imagery from LANDSAT 1 at scales of 1:300,000,
1:250,000 and 1:90,000 and colour composites were produced
using the Diazo process and a Fairey Additive Viewer, Also,
uncontrolled airphoto mosaics were compiled at 1:90,000 and
1:60,000. The data were then studied using a wide variety of
interpretation techniques ranging from stereoscopes and an
Interpretoscope to the use of a Fairey Additive Viewer and a
Video Processing Unit, Ground truth information was collected
on reconnaissance traverses iﬁ the form of general landform

descriptions, vegetatioh and land use and ground-level
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photographixc records.-The researchers attempted "to collect
‘information which was relatively time-independent" as the-
MSS data was recorded in August and November, 1972 and the
field work was carried out in March-April, 1975, No detailed
description of the.actual sampling procedures that were adopted
hastbeen'presented but "sample areas were chosen according to
preliminary pre-field tone-textural division of 'the LANDSAT
imagery and from revisions made during the initial reconnai-
ssance", Ho#ever, the authors stated that the land use within
the selected sample areas was mapped at 1:25,000 onto a
topographic base and at 1:32,000 onto air-photo bases. In
additioﬁ, detailed records of environmental parameters were
made at "chosen sample -sites within the sample areés using
a site sampling card system".

The‘ effects -0of scale and seasondlity on the imagery
were in¥tially considered at a scale of 1:500,000 and different
amounts and types of environmental information were obtained.
The researchers believe that the small scale MSS imagery can-
be valuable as a .coordinating agent for information from
many different sources and provide a data source when aerial
photography is unavdilable as well as permitting "extrapol-
ation from one area to another to be made with more confidence”,
However, they-.claim that these-factors_have limited use' in
regional planning and that infermation at much larger scales
is required. Tﬂerefore, thelir' inveéstigations have been -directed
towards the interpretatioﬁ of imagervy at larger scales by
first looking at the deIineatioﬁ'of woodland from other land
use and :secondly bv-attempting to distinguish different types

of Tand use in more complex-landscapes. They-found that the
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delineation of woodland in upland areas depended on the
time of the vear when the. imagery was recorded, On the lower
areas of the test site difficulties arose when trying to
distinguish between areas 6f evergreen pines,,shrubs,_olives
and oranges'on band 5 imagery but maguis could be distin-
guished from orchards and - -pines using a colour composite
(bands 4,5 and 7).

In the study of the more complex land use areas a $ix
category land use classification svstem'was'pased'on'information
derived from field data and aerial photographs. It appears
that no attempt was ﬁadé to adapt -the 1aﬁd use categories to
an existing Sﬁhemé. The classification appears to have been
developed to accommodate the land use existing within ;he
particular area and the ma? "served as the ground data with
whiéh to assess the LANDSAT imagery". The researchers found
that "from a subjective visual analvsis of the November
LANDSAT imagery, the degree of tonal contrast and variation
and thereby presumably the ease of qnalvsis decl;nedﬂin the
order 5,6,7 and 4 and channel 5 was,thérefore,used.subsequently
in the analvsié". More - detailed objective testiﬁg-of the
tonal characteristics-pf the imagery for éachfland use
category was carried out using a Video Processing Unit in
five selected teét areas. The indivi@ual_categbries could
not be classified satisfac£orilv but four groups of land
use could be ‘determined using tonal slices, viz. bare clay
lands, gully scrubland, wheat fields and roﬁéthrazing, olive
grovesfand evergreen woodlands, Further discrimination in
the latter class could-be obtained by using a colour composite.

Analysis of the August imagery was not as successful and band
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5 was again found to be the most useful "but the ease -of
énalysis declined differently to the November imapery, viz.
bands 4,6 and 7. The researchers believe that the interpret-
ation of the land use patterns recorded on the’ imagery haé
been influenced by the effect of lepe‘on Tand use, the time
of the vear when the imagery was recorded and the spatial
resolution of the imagery. They claim that it is doubtful
whether LANDSAT imagery can be ‘used to produce-comprehensive
land use ‘maps for the whole region mainly due to the conflict
between the coarse -spatial resolution of the imagery and the
fine texture of the 1énd Use patternms in -certain parts of the
test site. However, this statement is difficult to criticise
objectively as the authors do not directly state the actual
scale of the proposed coniprehensive maps.

An earlier study at thée Department of Geography, Univer-
sity of Reading (Townshend,et al,, 1974) compared the capab-
ilities of LANDSAT 1 and SKYLARK Earth-Resources rocket for
resource surveving in Central Argentine.'Crop surveving was
the only land use aspect considered in the investigation and
a direct comparison betweenvthe:imagerv obtained from the
two platforms could riot be carried out due to the different -
dates of data aéquisition and the Tack of suftable ground
truth information. The authors point out. that SKYLARK has
several distinct advantages, %iz. greater control over the
time of imagery acquisition, better spatial resolution and
comparatively low cost but the advﬁntages of repetitive
monitoring and data storage facilities offered by the LANDSAT
multi—spectrél scanner make it more amenable for use in crop

SUrvevys.
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Cther groups -of U.K. researchers have been active in
investigating the . = extent to which LANDSAT imagery can
be utilized in land resource survevs in developing countries
by emploving low cost techniques. King and Blair Rains (1974)-
have compared LANDSAT 1 imagery with pan—chromatic-aerial
photography for use in land resource surveys and considered
the Rift Valley Lakes Basin, Ethiopiaas a test site..ihey
believe that the LANDSAT imagery is a "significant aid to
map producfion in areas where the present map coverage is
poor, but its scale i1s too small for detailed analyéis".
However, the 1aﬁter criticism may have been caused by the
researchers as they restricted themselves to a ndrrow selection
of MSS imagery. They stated that "apart from some enlargements
to 1:500,000 and 1:250,000, most of the analysis was under-
taken using black and white paper prints at 1:1,000,000 "
and separate bands were compared using a mirror stereoscope,
No mention of optical enlargement was made. In addition,
they considered a colour gomposite of one frame and "coloured
translumencieg" of each band of another frame but they did
rtot state the scales. They conclude, from their 6bservations,
that because of its svnoptic‘overview, repetitive cover and
especially its low cost, LANDSAT imagery can be useful in
land resource Surveys "but only as an additional tool to the
available aerial photographv".

Hunting Surveys and Professor Shackleton, Uﬁiversitv of
Leeds have examined.the potential of LANDSAT imagery for
mapping a varietv of natural resources including soils and
land forms, vegetation and land use in addition to their

primary task of using the imagery to revise the geological
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map of Ethiopia(White, 1974). The investigators assert that
"single channel black and white imagery is not satisfactory
for mapping.vegetation and land use in Ethiopia". They believe
that spectral colour comparison is essential and they used
false colour prints and a milti-spectral viewer in their
studies. Although the investigation with respect to land use
was only exploratory, the researchers believe that "it appears
to be perfectly feasible to map out the major vegetation
formation and land usage." No attempt was made to develop an
overall land use classification scheme or to describe ground
truth procedures but some field checking of initial intérpret-
ations was carried by making "a few traverses by Land Rover".
The researchers made a generalized conclusion by stating that
"different subjects, however, require different levels of
supporting ground information and also different formats

of imagery " but they did not offer any detailed advice.
However, they did stress that they agreed with other invest-
igators thatLANDSAT imagery, due to its synoptic coverage

can be an "excellent first-stege approach to the surveys
necessary for development and management" as well as the

monitoring of dynamic situations.

3.3.7. U.N. FOOD AND AGRICULTURE ORGANISATION

Howard (1974) has presented = generai report on the
F.A,0.'s investigations in applying LANDSAT imagéry in a
range of projects in déveloping countries including Morocco,
Ethiopia and Sudag. He states that initially the lmagery was
used to provide synoptic views as an aid to regional surveys
but this interest has extended to the use of re-constituted

false colour imagery and computer-generated false colour
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mosaics and large scale maps. Furthermore, he claims that
the LANDSAT imagery can be used to provide a very wide range
of valuable data including thematic maps at a scale of
1:250,000 which provide background information for areas
that have previously been unmapped and could also assist
in monitoring landscape changes. In particular, he has been
enthusiastic about the role of orbital imagery in integrated
surveys of land use and natural resources and stresses that
"the potential contribution of satellite imagery to inte-
grated sur#evs in developing countries is only beginning to
be appreciated”, Overall, the article pursues the concept
that geomorphology should be the central component in integrated
surveys and, consequently, it does not offer any concrete
guidance for the production of small-scale land use maps,
per se, other than some indirect éomments on pre-processing
and interpretation.
3.3.8. _VENEZUELA

Conventional photo-interpretation technigques have been
applied to LANDSAT imagery in a study of the Valencia Lake
Basin reéion, Venezuela {Salas et gl., 1974). Common instru-
ments, viz, a magnifying éiass and microfilm reader were used
to identify tonal contrasts on colour composites and bands
5 and 7 (presumably black arid white paper prints) at scales
ranging from 1:1,000,000 to 1:100,000, Basically, the project
was designed to assess the use of aerial photographic intér-
pretation techniques to determine the amount of human inter-
vention on the natural landscape. A two level vegetation/lénd
use clasgsificatrion system was developed with the first level

being determined by classifying “"tonal groups by aggregating
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tonal similarities to micro-relief units and sociological as-
pects of vepetation". At the second level, the Fonal charact-
eristics derived at the first level were sub-di%ided into
more detailed vegetation and land use sub-classification.
Ground truth procedure involved the use of panchromatic photo-
graphs at scales of 1:50,000 and 1:25,000 and field checking,
The authors used a sampling technique to determine and map
the degree of human interﬁention and to define more.-precisely
the vegetation borders and agricultural types.

3.3.9, SUMMARY '

In a similar manner to the investigations in the United
States, researchers in other parts of the world have tended
to'concentrate onn only a few 6f the stages involved in pro-
ducing small scale'rural land ﬁse maps from LANDSAT'imagery.
Some have presented interesting statements on various pre-
processing techniques (Little and Scotney, 1974; King and
Blair Rains, 1974; Justice et al., i976; Ri jnberg and
van der Broek, 1975). Other aspects,including factors that
have influenced the)interpretation of the MSS imagery and
the gathering of satisfactory ground truth information,have
also been considered (Curtis and Hooper, 19743 Williams and
Curtis, i975; Justice et al., 1976). Apparently the problem
of standardisation of land use classification scﬁemes has
not concerned most of the investigators who'appear to have
adapted exisying_local schemes or they have devised their
own scheme to fit Their research objectives. However, Little
and Scotney (1974) have proposed a classification scheme
in an attempt to standardise land use mapping in ﬁatal,

South Africa (see Table 3.3.). It is probably the most
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interesting classification that has been developed outside
of the United States, Unfortunately, it does not have the
general flexibility offered by U,S.G.S. Circular 671 (Anderson,
1974) (see Tables 3.1 and 3.2.).

Most of the investipators have praised the synoptic
coverage, the monitoring capabilities and the rapid collection
of data offered by the LANDSAT multi-spectral scanning system.
Also, thev have considered many of the factors that caused
concérn with the U.S. researchers including the selection of
a satisfactory final map scale (Howard, 1974; Little and
Scotney, 1974; King and Blair Rains, 1974 ) and the correct
selection of spectral bands {(Justice et al,, 1976; la Grange
et al., 1973; de Sagredo and Salas, 1973; Salas et al,, 1974).
The problems caused by the time of acquisition of the imagery
also concerned some researchers (Brereton and White, 1975;
Justice et al,, 1976; Riinberg and van der Broek, 1975) and
Little and Scotnev (1974) emphasised that the interpreter
should have a good knowledge of the region being studied.,

3.4, GENERAL SUMMARY .

This chapter has shown that, although.there has been
many detalled studies in various aspects of small scale land
use SULVEY S, there has been no satisfactory overall attempt,
either in the Unitgd States or elsewhere, to bring together
all the findings of the researchers., It is evident, therefore,
that the formilation of a methodology detailing gll the stages
of the preparation of the maps which would estabiish the
generdl framework for tﬁe rapid and ineﬁpensive production
of this type of map couid pfovide extremélv valuable assist~

ance to individuals or organisations wishing to produce small
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scale land use maps from LANDSAT imagery. 1f presented
satisfactorily, the methodology should avert the necessity
for detailed research and testing of the manvy different
aspects involved in the production. However, before the meth-
odology can be formulated a more detailed appraisal of spec-
ific points emphasised by previously mentioned researchers will
be cansidered in the next chapter under the categories of
pre-processing, interpretation, classification systems and
ground truth, In addition, a range of relevant comments
presented by workers in other areas of research will be
investigated éﬁd then, in the followiﬁg chapter, a number

of techniques will be evaluated before the detailed method-

ology 1s presented.
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4, TECHNIQUES APPLICABLE TO RURAT, LAND USE MAPPING USING
LANDSAT MSS IMAGERY

4,1, INTRODUCTION

As mentioned in the previous chapter, a detailed
apbraisal of the main stages of the production of small scale
rural land use méps from LANDSAT MSS imagery is required
before an adequate ﬁethodology can Be devised. This is necess-
arf as very feyw attempts have been made to bring together
details of all the rélevant stages needed in the overall
production using inexpensive and unsophisticated techniques.
The general aim of this:sectionlis to provide a review of
techniques that have been used in relevant studies in order
to select-a range of appropriate techniques that can be eval-
uated in the field before formulating an overall methodolcgy.
The division into pre-proces§ing, interpretation, classifica-
tion and ground truth have nct been intended to be arbitrary
as certalin topics are common to seVergl of them, e.g. scale
and resolution. But it i§ thought that the divisions provide
the most satisfactory format which perﬁits an adequate
consideration of all aspects‘pf this type of mapping. The
problem of oveflapping tobics has been alleviated by cross-
referencing.

4,2, PRE-PROCESSING

4.2.1. GENERAI,

One of the.first problems confronting an invegtigator
involved in small scale land use mapping from brbital imagery
is the éelection of the most appropfiate visual output of
the digital data that has been obtained from the LANDSAT multi-

spectral scanner, This ‘means that he should be aware of the
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range of standard pre-processed products which are available
to him as well as the pre-processing techniqﬁés which he
might be able to utilise in order to provide the best materials
for the application of visual interpretation techniques.,
Pre-processing‘has been defined by Hempenius (1975) as
"the processing or data handling with the purpose of re-
arranging, compressing, simplifying, enhancing, etc. the
data prior to interpretation" and the broad scope of this
definition has been accepted for the purpose of this research,
Eut, as one of the main aiﬁs of this research is to consider
relatively inexpensive and unsophisticated pre-processing
and interpretation techniques, computer-based pre-processing
techniques utilising LANDSAT M3SS digital data will not be
assessed, Detailed summafies of these may be found in articles
by Simonett (1974) and Steiner and Salerno (1é75). Further
specific examples of computer based pre-processing techniques
may be obtained from.Anﬁta and McDonald, (1971); Landgrebe,
(1972); McDonald, Bauer, Allen, (1973)s Weber et al,,(19B );
Bressanin et al., (1973); ﬁali, Bauer and.Malila, (1974);
Haralick and Shanmugan, (1974); Ratti and Capozza, (1974);:
Alian, {(1973); Leamer, Weber and Wiegand; (1975)..
Pre-processed LANDSAT Msé data can be purchased from
EROS Data Center in a number of different formats‘(see Table
4,1) which ﬁay be interpreted in standard form or may be
used as the basis for further pre-processing by researchers,
The scope of pre—procgséing techniquesvthat_have been emploved
by investigators is quite'wide and raﬁges from simple photo-
graphic EHlargemeﬁts to more sdpﬂistidated image enhancement

processes.. However, the extent to which- these techniques
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can be utilised in operational land use mapping depends upon
the objectives of the survey, the finance and time available
as well as the resolution and scale lLimits imposed by the
nature of the investigation.

Most of the techniques that have been used in this type
of research may be_ponsidered under the term"image enhancement”
as most of the other aspects stated in Hempenius' definition,
viz.re-arrangment, compression, and simplification are
normally carried out by applving computer based techniques
to the MSS digital data., Image enhancement has been defined
in a variety of ways but for this research it can be considered
as "the various processeé and technigues designed to render
optical densities on the imegery more susceptible to inter-
pretation” (Estes and Senger, 1974). Essentially, the image
enhancement techniques that can be used to produce hard
copies from LANDSAT MSS imagery may be classified into two
broad groups, viz. photographic ang,electrohic, Relevant
visual optical enhancement methods (c¢.f. photographic enhance-
ment techniques) will be discuésed in the section dealing
with interpretation techniques (see Seétion 4.3) as they are
generally used by researchers to enlarge or combine imagery
visually rather than to produce hard copies., Detailed
discussions of image enhancement procedures may be found
in Simonett (1974), van Genderen (1975) éhd Steiner and
Salerno (1975).
4,2.2+ PHOTOGRAPHIC ENHANCEMENT

4,2.2.1. ENLARGEIS’!ENI

The most commonly used image -enhancement technique in-

volves the photographic enlargement of one or more of the
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TABLE 4,1

LANDSAT MSS PRODUCTS AVAILABLE FROM EROS DATA “CENTRE

Aug. 1, 1975

Imape Size Scale

2.2 inch 1:3,369,000 Film Positive
2.2 inch 123,369,000 Film Nepgative
7.3 inch 1:1,000,000 Film Positive
743 inch 1:1,000,000 Film Negative
7.3 inch 1:1,000,000 Paper Print
4.6 inch 1:

9.2 inch 1:

500,000 Paper Print
250,000 Paper Print

* ipdicztes that colour composites
in that format

Format

for
for
£or
for
for
for
for

may

each spectral band
each spectral band
each spectral band*
each spectral band
each spectral band®
each spectral band®
each spectral band¥

be avaifable

Computer Compatible Tapes (CCTs) are also available for purchase

(also see Appendices I and II ).
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four spectral bands of the basic imagery acquired from
EROS Data Center (see Table Afl). These enlargements may
be produced in the form of positivé or negative,black and
white or colour,film or paper prints at various scales and
they have been used in a variéty of ways To assist in land
use interpretation e.g. mosaics and overlayvs. Also,there has
been an increasing tendency to use transparencies in inter-
pretation due to the lower 1evel of graininess which permits
greater mggnification than would be possible with paper
prints (Estes and Simonett, 1975 ; van Genderen, 1975).

The selection of the most appropriate scale that should
be used when interpreting LANDSAT MSS imagery has caused a
great deal of concern and various viewpoints have been
discussed in a separate section {(see Section 4,2.4,).
4,2,2,2, COLOUR

The production of colour composites in hard oopv'for
specific purpbses is relatively expensive and investigators
have tended to accept timaEEOS_LData Center false colour
composites derived from bands 4,5 and 7 and presented in
film positive or paper print form (Jovce,1974a) (see Section
4,3, for more details). However, one viable‘and economic altef—
native has been the use of the Digzo process which, although
not a photographic proceés.in the strictlsense, haé the cap-
ability of producing single-colour film transparencies from
‘black and whife positive images of selected spectral bands.
The base is an optically clear, thin polyester material with
high stability which is sensitiééd with a diazo coating,
Development is achieved by passing the film thfough a dveline

machine, Details of the exposure procedure, etc, are described
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by Keates (1973). Diazo films are available commercially in
a ranpge of eolours, eg. red,magénta, yellow, orange, green,
violet, blue, cyvan, browi, Once the colour transparcencices
are developed they can be super-imposed. in any desired com-
binations to form a variety of false colour composites.
Various researchers have acclaimed this technique. Hardy,
Skaley and Phillips (1974) maintain that thev have applied
it successfully to produce high‘false colour images at scales
up to 1:150,000 from LANDSAT imagery after balancing the -den-
sity of the imagery through a step enlargement procedure from
the initial 1:3,369,000 chip. Other aspects of their research
has been considered in detail in Section 3.2,3. Little and
Scotney (1974) also believe that the Diazo process has great
potential but Viljoen::and Viljoen (1975) assert that the image
definition is poorer than photographic composites (see Section
3.3.3.). After experimenting with the prbcess, the author
agrees with the general conclusions of Hardv et al,, and
ILittle and Scotney. The main attractien of the Diazo pro-
cess is that it i85 inexpensive and that both the materials
and the eguipment are commonly used in drawing offices
throughout the world,

The use of colour additive viewers has been considered
under optical enhancement techniques (see Section £,3,4,2.).

4.2.2.3, DENSITY SLICING

In this probess spectal developing technigques are used
to extract and reproduce single grey 1evelé (or slices) which
can be used for further investigation of the spectral re-
sponses from various types of land use, but the procedure

is time-consuming and difficult ( Simonett.,, 1974). However,
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special density slicing film has been made available by

several commercial firms and various researchers have invest-
igated its potential,Ranz and Schneider { 1971) have consid-
ered Agfa-contour film with normal photographs and have ex-
perimented with it in association with Diaze film colour
composites of the different density slices. Dragg(1974)

claims that LANDSAT MSS imagery "because of the uniformity

of the data and small look-angle lends itself to this relatively
simple technique particularly in level areas” but did not
elaborate on its application.

4,2,2,4, CONTRAST PRINTING

This is a commonly used pre-processing technique that
may be used to make slight grey scale differences more detect-
able in visual interpretation and has bsen applied to
LANDSAT MSS imagery (Simonett, 1974), Hardy, Skaley and
Phillips (1974) have used this technique in their attempts
to develop a low cost manual metheod of enhancing LANDSAT MSS

imagery that could be used in land use mapping.

4.2.2.5. EDGE ENHANCEMENT

In this procedure a positive and negative are super-
imposed, slightly displaced and re-photographed. Edges at
right aﬁgies to the direction of displacement will appear as
white 1ines on the forward edge and black 1lines on the trail-
ing edge but other edges will not be enhanced. Simonett (1974)
discusses methods of overcoming the problem of directional
enhancement by placing the positive and negative on a rotat-
ing disc with an exposure 1igﬁt mounted off-axis above the
disc, This technique has been used in attempts‘to detect

boundary changes in land use on aerial photographs but no
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articles can be located which discuss its use with LANDSAT
MSS imagery.
4,2,2.,6, IMAGE ADDITION

One advantage of this technique is it%jaﬁility to assist
interpreters in detecting landscape changes, This can be
achieved photographically by combining a positive transparency
of a photograph taken at a particular time with a negative -
of a photograph of the same scene taken at another time and
printing a new photograph through both. Areas of change are
indicated by light or dark tones whereas areas of no change
will be medium grey.

4,2.3, ELECTRONIC TMAGE ENHANCEMENT TECHNIQUES

These techniques which include micro-densitometry, iso-
densitometry, electronic dodging and image quantizing will
not be considered as the cost of equipment prohibits thelr use
in this type of investigation, Detaliled discussions of the
techniques may be found in articles by Simonett (1974),
van Genderen (1973,1975), Steiner and Salerno (1975).
4,2.4. IMAGE SCALE

The problem of selecting the optimum image scale is an
important aspect in the overall mapping procedure as it inter-
acts with the resolution of the sensing system and,consequently,
affects the level of interpretation. Therefore,a compromise
must usually be reached between the image resolution, the
operational mapping scale and the objectives of the study,
However, most investigators using conventional visual techniques
have tended to utilize the standard pre-processed LANDSAT MSS
imagery which has a maximum scale of 1:250,000 available only

as opaque prints but the image resolution is markedly
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inferior to the prints and transparencies available at
1:1,000,000, Further photographic enlargement leads to poorer
image resolution although various researchers have claimed
to have successfully used enlargements at much larger scales
(Hardy et al., (1974); Justice et al., (1976),

Very 1itt1é guldance about the most appreopriate scales
that should be considered with the various types of LANDSAT
MSS imagery formats which can be used in land usé mapping.
Nunnally (1974) commented that "“few studies have been under-
taken which have attempted to evaluate the effects of scale
and resolution on an interpreter's ability to identify differ-
ent types of land use". He also claims that the results of
those studies that have been attempted have been inconclusive.
Joyce (1974b)noted that, although the scale of enlargement
of LANDSAT MSS imagery can usually be determined by the scale
of available maps, it is also dependent upon the quality of
the particular imagery that has been selected and the nature
of the enhancement equipment available to the investigator.
Howard (1974) claimed that there was increasing evidence to
show that with adequate ground checking a range of diécipline
oriented thematic maps'cculd be prepared at 1:250,000, Most
subsequent reports have been in the form of general statements
rather than critical appraisals and 1little concrete assistance
can be obtained from them, In this investigation the main
image scales will be controlled by  the available standard
formats of the LANDSAT MSS imagery, i.e. 1:3,369,000;
1:1,000,000; 1:500,000 and 1:250,000 aithough some evaluation
at slightly larger scales will be attempted mainly by visual

optical enlargement processes (c.f., photographic enlargement).
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4.2.5,. RESOLUTION

In the interﬁretation of all remote sensor imagery the
resolution of the imaging system puts practical constraints
on the accuracy levels that may be obtained. Unfortunately,
the term "resolution" has been given a wide variety of
connotations by different researchers in a number of different
contexts (see Table 4.2}, Some writers have clearly defined
their use of the term whereas others have either not stated
the intended meaning or have adopted very loose definitions
which occasionally mislead the reader. Olson, (1973@mticIe
written in 1969) has stated that "unfortunately resolution
is one of the most misunderstood and misused qualities of
the photographic system; at least by photographic interpreters".
The situation has become even more uncertain since the advent
of orher more sophisticated remote sensing sﬁstems including
multi-spectral scanners and radar. It has caused Estes and
Simonett (1975) to comment that "resolution is a complex
subject and the various methods used to measure resolution
may not always properly characterise the information content
of the image",

There are a number of different types of resolution that
should be consldered when using and describing the capabilities
of orbital ﬁSS imagery. Their relative importance depends on
the scale of the imagerv énd tﬁe nature of the survey in which
the imagery is employed. The dominant aim of each type of
resolution, however, is to maximise the contrast between
objects and their background. If very little contrast exists
then the objects become difficult to identify. The following

types of resolution have the most effect on the contrast levels
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of LANDSAT MSS imegery. Their definitions have been adapted
from those provided in Table 4,2,

1) Spectral resolution - the number and width of
spectral bands within which data is collected,
Hlence, the spectral resolution of LANDSAT MSS
data is four broad bands. These band widths and
their relative position along the electromagnetic
spectrum are shown in Figure 2,2, Table 2.1.

2) Spatial resolution (or ground resclution)- the
smallest area on the ground, i.e. pixel from
which the multi-spectral scanner can measure
radiant energy. The spatial resolution of
LANDSAT MSS is 79 m, by 79 m,

3) Image resolution - the ability of the entire MSS
system to render a sharply defined image. This
means the ability to record visually each pixel
on the recording base. However, if photographic
copying or enlargement océurs, then photographic
image resolution should also be considered and
this is usually expressed in terms of lines per
mm,for a given photographic emulsion under
given conditions, The combined effect is shown
in Table 4,3,

4) Temporal resolution - the time period (usually
expressed in days) between .successive orbits
over the same area, i,e. the time period between
each successive data acquisitioh of the same
area., Temporal resolution is mainly affected by
cloud cover and the operating schedule of the

recording stations.
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TABLE 4.2

SOME DEFINITIONS OF TYPES OF RESOLUTION USED IN REMOTE SENSING

Hempenius (1975) p.8 Spectral resclution - the number of bands.. In
(confining his definitions addition one should know the exact location of
to multi~spectral .remote the various bands and their width
sensing) Intensity resolution - the number of levels in which

the radiant energy is sampled

Spatial resolution ~ the drea on the ground, ii.e,
pixel, from which the radiant energy is integrally
measured during the very short time that the
instantaneous field of view is directed to that
area

Temporal resolution - the number of days bertween
succesgive flights over the same area, if carrxied
out continuously

Manual of Remote Sensing The ability of an entire remote sensor system,
Glossary (1975), A.,S.P. including lens, antennae, display, exposure,
p.2102 processing and other factors, to render a sharply

defined image. 1t may be expressed as "line

pairs per millimetre' or metres, or in many other
manners. In radar, resolution usually applies

to the eifective "beam width" and "range" measure-
ment width, often defined as the half-power points.
For infra-red line scammers the resolution may be
expressed as the "instantaneous field of view'.
Resolution also may be expressed in terms of
“temperature' or other physical property being

measured
Estes and Senger (1974) The ability of a remote sensing system to distinguish
Glossary signals that are close to each other sparially,

temporally, or spectrally

Ground resolution - the minimum distance between two
or more adjacent fedtures or the minimum size of a
feature which can be detected; usually measured in
conventional distance umits, e,g. feet or inches

Image resolution - resolution expressed in terms of
lines per wmillimetre for a given photographic
emulsion under given situwations

Thermal resolution - image resolution expressed as a
function of the minimum temperature difference
between two objects or phenomena

Thaman (1974) p.197 The smalliest ground resolvable distance (G.R.D.); that
is, the size, length or area of the smwallest object
discernable on an image, taking into account the
difference in contrast ratio across an image

Olson (1973) p.102 The ability of a photographic system (including lens,
filter, emulsion, exposure and processing, as well
as other factors) to record fine detail in a
distinguighable manner

Estes and Simonett (1975) The ability of a human observer to detect a changing
p.977 pattern consisting of parallel bars of alternating
radiance (see Table- 4,3)
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Other types of resolution, e.g. thermal resolution and
intensity resolution, although relevant in other studies have
relatively little importance in this type of investigatién
and, therefore, have not been included in the list of defin-
itions., ‘

The wider range of spectral resolution available with
LANDSAT MSS imagery has certain advantages and disadvantages
when compared with conventional blaék and white and colour
aerial photographs and these aspects are discussed in Section
4.3,3. Besides the problems of image and spatial resolution
involved in the visual interpretation of the LANDSAT MSS
imagery (see Section 4.3.) they also affect the selection of
the most appropriate size of the sampling "point" in field
surveys when trying to establish tﬂe accuracy level of inter-
pretation, This problem is éonsidered in Section 4.5.2,4, The
high frequency temporal resoiution of the LANDSAT_system
provides a major ‘advantage in studies involving vegetation
cover and further details of its use in fhis investigation
are provided in Section 4.3.6.

4,2,6., SUMMARY

The main problem associated with pre-processing involves
the correct selection of enhancement techniques and the most
convenient scale.-and resolutioﬁ for the interpreﬁation pro-
cedure that is considered to be the most appropriate for the
task in hand. This is particularly importanf when using TANDSAT
MSS imagery because the spectral responses displayed on the
blaék and white and colour transparencies and opaque prints
are relatively unfamiliar to iﬁterpreters aﬁd a great deal

of uncertainty still .exists over which combination of scale
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TABLE- 4.3

LANDSAT MSS SYSTEM RESOLUTYON

{in metres/bhar Ffor Band 4)

Based on standard U.S. Air Force tri-bar resolution target

(£rom Estes and Simomett, 1975) .

M55 Output
Input to NASA Data Processing Facility
Bulk
70 mm archival £ilm
70 wm positive (3rd,generation)
9.5 inch positive (3rd generation)
CCT
Precision
9.5 inch positive (5th generation)
GCT

High
Contrast
Scene

44
44

54
53
57
44

79

80

Low
Contrast
Scene

97
97

126
118
136
97

134
193
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and spectral bands give optimum visual interpretation
conditions., Therefore, until more conclusive evaluations and
descriptions of techniques have been published, the use of
more refined pre-processing techniques may tend to cause more
problems with interpretation instead of aiding the identif-
ication of objects, Arnold {(1974) has been particularlf
critical of the way in which image enhancement procedures
have been used and he has stated that "it does appear that
these techniques have been employed on occaslons in cases
where they can offer little advantage and have apparently
only been used because they are currently fashionable, This
is, of course, a criticism of the experimente;s and not the
technology”. Consequently, the écoPe of the pre-processing
techniques used in this investigation will be restricted

to standard pre-processed material from EROS Data Center
accompanied by some enlarging procedures as well as some
investigatory uses of the Diazo process. There is no doubt
that more experimental work needs to be carried out to develop
a methodology on the role and usefulness of image enhancement
techniques in rural land use surveys.

&,3. INTERPRETATION

4.3.1. INTRODUCTTION

Visual image interpretation has been defined as the
act of examining photographs and/or images for the purpose
of identifying objects and phenomena and judging their sig-
nificance (Estes and Simonett, 1975; Am., Soc. of Photogrammetry,
1960). However, the 1eve1_of interpretation of most remote
sensor imagery, including LANDSAT MéS imagery, depends on

the quality and nature of the imagery itself, the type of
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interpretation techniques utilised, the enhancement facilities
available, the interpreter's specific and local knowledge

and his access to other relevant information, e.g. aerial
photographs, publications, statistical data, eﬁc. In addition,
the purpose of the inveétigation places constraints on the
extent and nature of the interpretation procedure,

Conventional photographic interpretation techniques have
been used successfully with black and white LANDSAT MSS
imagery of individual spectral bands and with colour compos-
ites produced from combinations of various spectral bands.
Thus, the identification of objects from LANDSAT MSS imagery
has invblved the use of one or more of the elements of image
interpretation, viz. shape, size, tone and colour, texture,
pattern, shadow, site, association and resclution. These
aspects have been well-documented in articles on the inter-
pretation of black and white and colour aerial photography,
e.g., Olson, (1973) ; Strandberg, (1967); Allum, (1966);

Avery, (1968); A,S.,P., (1960, 1968). Probably the most relevant
and recent article dealing with interpretation technigues

and their application ta a wide range of remote sensor imagery
has been presented by Estes and Senger (1975),

In land use studies involving LANDSAT MSS imagery there
has been a wide divergence of ideas about which combination
of imagery, scale, enhancement techniques and other factors
would be best to adopt as the basis for satisfactory visual
interpretation. As a wide wvariety of approaches have been
used it is important that many of the i@eas and opinions
should be brought together in order to establish a satisfactory

base from which a framework can be formulated as part of the
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development of an overall methodology. The aspects will be
éonsidered under the following topics; the visual interpret-
ation process, visual interpretation aids, selection of
spectral bands, seasonality or the use of multi-date imagery
and the interpreter's knowledge of the region being considered
as well as his expertise in particular disciplines and his
understanding of the relevant remote sensing system. Although
they are not necessarily independent, the separation into
various topics should permit a wider view of the problems
associated with the establishment of a satisfactory inter-
pretation system which could be adopted for use in land use
mapping with LANDSAT MSS imagery.

4,.3.,2, THE VISUAL INTERPRETATION PROCESS

The process of visual image interpretation is a complex
operation which varilous researchers have attempted to explain
by means of a series - of stages or phases, Most of the explan-
ations have originated from the study of the interpretation
of black and white aerial photographs but the overall. approaches
have application in the visual interpretation of other types
of remote sensing imagery.

One commonly accepted explanation offers scope for
incorporating into the description a methodology for producing
small scale land use maps from TLANDSAT MSS imagery. The
initial stage of this approach has been described by various
terms including the "observational" stage (Spurr,1973:
originally written 1957) and the "photo-reading” stage (Vink,
1964; Strandberg, 1967; Benneman and Gelens, 1969). It in-
volves the detection or discovery of an object on the imagery

from its background. This is very closely associated with the
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recognition phase in which the object's shape, size and
other properties permit it t? be recognised, "discovered"
or "measured” in the physical or psychological sense. As
mentioned previously, detalled discussions of these inter-
pretation properties (or elements) may be found in most
texthooks on photo~interpretation. The most comprehensive,
recent statement appears in A.S.P., "Manual of Remote Sensing”
(1975), Then, according to the explanation, the object is
identified by its common name or scientific terminology.
But, the le§e1 of detection, recognition and identification
&epends O many factors including the physical characteristics
of the objeét itself, the resolution of the imagery (see
Section 4.2.5.), the scale of imagery (see Section 4.2.4.)
and the background knowledge of the interpreter (sometimes
called the reference level"), Various aids, including image
interpretation keys have been developed to assist the inter-
preter during this stage (see Section 4.3.4.3.).But,with the
interpretation of LANDSAT MSS imagery and the imagéry produced
by other comparatively recent remote sensing techniques a
much more detalled knowledge of the capabllities and limit-
ations of the wvarious environmental and $ensor parameters
which affect the imagery is required by the interpreter than
is requiied:with'conventionél’aerial.pﬁoﬁographs.
Otherwise, it may lead to the interpretation of certain spec-
tral bands which may produce-different results wﬁen compared
with the interpretation of other bands,

The next stage inveolves the éystematic delineatiomn .
or division of the identified objects into logical patterns
or units on the imagery. The important aspect of this stage

is to establish the reliability or accuracy of the boundaries,



~-102-

This may then be followed by a.classification stage in

which the patterns or units may be described and arranged

into various types of classification systems with their indiv-
idual methods of categorisation and codification, The problems
assoclated with the establishment of a satisfactory rural

land use classification scheme for use with LANDSAT MSS
imagery are discussed in Section 4.4.

The process of visual interpretation is basically a
deductive process in which the interpreter progresses through
the above stagés by consciously or unconsciously using
various combinations of the elements of image interpretation.
The ability to lncorporate these elements depends to a large
extent on the specific and regional knowledge of the inter-
preter (see Section 4,3.5.) which may be supplemented hy
various types of collateral material (see Section 4.3.4).
However, with LANDSAT MSS imagexry some of the elements decline
in importance due to resolution and scale factors and colour
or tone becoméé‘thé-méétfdominaﬁt(see Section 4.2.5.). Also,
the task of integrating the inférmation from the four
sPéctral bands is extremely difficult by visual means
(van Genderen, 1975), Colour composites produced from three
of the four spectral bandsthnd’to{afléviétéithe problem but
further interpretation'problems are introduced by the false
colour nature of the imagery (see Section 4.2.2.2.).

Although the wvarious stages of conventional photo-
graphic interpretation may be followed in the interpretation
of LANDSAT MSS imagery, the nature of the physical and
psychological processes will differ. Consequently, care

should be exercised at each stage in order to determine
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whether accurate interpretation is, in fact, being carried out,

4,3.3. SELECTION OF SPECTRAI, BANDS

Unlike conventional black and white aerial photography,
the problem of selecting the appropriate data base from a
range of spectral bands of pre-processed LANDSAT MSS imagery
poses difficulties. The major task is to choose the best
spectral band or combination of bands for a particular task
as certain bands are more appropriate for interpreting
features than others and this has led to a certain amount of
disagreement amongst investigators,

The official EROS Data Center brochure 1lists some details
about the main uses of each spectral band:-

Band 4 The green band 0.5 to 0,5 micrometres,

emphasises movement of sediment laden
water and delineates areas of shallow
water, such as shoals, reefs, etc.

Band 5 The red band 0.6 to 0.7 micrometres,
emphasises cultural features. This band
gives the best general purpose view of
the earth's surface, )

Band 6 The near infrared band 0.7 to 0.8
micrometres, emphasises vegetation,
the boundary between land and water and
land forms.

Band 7 The second near infrared band 0.8 to 1.1

micrometres provides the best penetration
of atmospheric haze and also emphasises
vegetation, the boundary between land and
water, and landforms,

Howard (1974) has diagrammatically described the spectral
reflectance curves of several natural surfaces associated
with land use studies (see Figure 4.1.). On the black and
white imagery the surfaces with high spectral reflectance,
e.g. healthy vegetation in band 7 would be nearly white

whereas the spectral reflectance from water surfaces in band

7 would be shown as tlack, The problems associated with
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Spectraj Reﬂectivity (%)

BAND 7 10

Wave!ength {microns)

Fig 4,1 Characterimic spectral ref!ectiw‘ty- Clrves of severa) natural surfages..

1 Healthy green vegetation {Jegf area index: 4)
" o " {leaf area index: 1)

3 Dry foam

4 Wet loam

5 Water Surfaces

6 Dry grasses

SOURCE: Howarg, 1974
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interpretation based on tonal responses on the imagery

become evident when it is seen that different surfaces give
similar spectral reflectances within a band. For example, in
band 5 healthy green vegetation and water surfaces have similar
reflectance values. This problem is also obvious in band &
where healthy green vegetation, dry loam and dry grasses

have similar reflectances in the shorter wave length region
but then diverge in the longer wave length portion of the band,
Band 7, on the other hand, shows that the six surfaces indic-
ated in the diagram have wider separation in reflectance

and, therefore, should show greater grey-scale variation on
the black and white imageryv., A recent, detailed discussion of
the reflectance characteristics of crops and soils has been
presented by Myers et al., (1975)..

Many investigators associated with land use studies
believe that bands 5 and 7 are the most useful bands ( de
Sagredo and Salinas, 1973 ; 1la Grange, 1973; Salas et al,,
1974; King and Blair Rains, 1974),Justice et al., (1976)
considered that the most useful band for erosion and land
use studies was band 5 followed by 6,7 and 4. However,
Peterson, (1975) stated that band 6 was recommended to him by
a representative of EROS Data Center as the best for land
use mapping and, after investigation, he agreed with that
assessment, .

An increasing number of investigators maintain that
colour composites oifer greater scope for interpretation than
the black and white imagery. The colou£ éémposites are normally
produced by exposing three of tﬁe four black and white bands

(usualiy 4,5 and 7) of the same area through different filters
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onto colour film, However, due to the false colour nature

of the process, colours of objects appear different and this
poses specific interpretation problems and ;nvestigators are
required to adjust to viewing objects in completely new
colours than they would encounter in normal colour viewing.
For example, healthy green vegetation appears as bright red;
clear water appears as black and sediment laden water appears
as a light blue colour,

Despite the limitations imposed by the false colour
nature of the colour composites, many investigators have found
them easier to use than black and white TANDSAT MSS imagery
in land use studies. (Salas et al., 1974; White, 1974;

Ri jnberg and van den Broek, 1975 ; Parry, 1974 ). Also, Joyce,
(1974b)in his summary of interpretation techniques adopted

in land use mapping with LANDSAT imagery stated that the

most satisfactory results have been obrained by interpreting
the colour composites. Howard, (1974) asserted that "there
was no doubt that the MSS.colour imagery at a scale of
1:1,000,000 was quicker and less tedious than glack and white
imagery'at the same scale" and he also believed that more
dara could be obtained from colour composites, His subjective
statement has been partly substantiated by tests carried out
on the relative interpretability of SKYILAB Earth Resources
Experimental Package photographic imagery and LANDSAT MSS
imagery which indicate that, although EREP 190-A colour
infra-red photographic imagery ranked highest in overall
interpretability, LANDSAT colour composite imagery ranked
second ahead of EREP S 190 B colour, S 190 A black and white

infra-red and LANDSAT band 7 imagery (Estes and Simonett, 1975).
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The projection of three black and white bands through
‘three different filters onto colour film to form a colour
composite produces a much broader range of visual stimuli in
the form of colour differences, This permits a more detailed
analysis than allowed by the 15 steps of the grey scale on
each of the standard black and white images of each spectral
band. Various researchers have used an intermediate stage
between the use of black and white images and-colour composites
by considering two bands using an additive colour viewer or
magnifying stereoscopes with varying results (Bale and Bowden,
1973; Carlson, 1974; van Genderen, 1974 a) Further combinations
have been achieved in additive colour viewers by increasing
the number of bands and the colours of the filters (other
details of this process are provided in Seetign 4.3.4.2.).
Another type of colour composite has been produced using the
Diazo process with black and white MSS imagery. This technique
has been in more detail in Section 4.2.2.2. bhut further enhance-
ment can be obtained by using equi-density film (Nielson,1974),

Colour is a property of an area and it is th@s character-
istic in association with the areal recording nature of the
multi~spectral scanner which gives the LANDSAT MSS colour
composites certain advantages in the identification of land
use patterns (Hempenius; 1975). As the scale of the imagery
decreases, the relative importance of the normal range of
interpretation elements changes and colour becomes more im-
portaﬁf. Thaman (1974) states that "as resolution becomes
progressively poorer, the information content of an image
decreases. As resolution decreases, size, shape and pattern,

shadowy and texture decrease in importance as interpretative
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tools until a point is reached where resolution (spatial) is
50 poor fhat only tone and hue can be used as interpretative
tools". Therefore, changes in cclour between areas due to
different levels of spectral reflectance tend to provide the
main element for identifying land use,K types on LANDSAT MSS
imagery. But, if the colour differencé between two different
categories is only slight, the interpretation becomes more
difficult. Consequently, the interprster may seek alternative
combinations of enhancement by uéing a colour additive viewer
or other techniques (see Section 4.3.4.2.) but more complex-
ities méy be introduced by extending the level of abstraction
involved in the interpreting of The false colour process and
other enhanced imagery., Very careful interpretation of the
unnatural colours created by the enhancement techniques is
required and this difficulty can be partly overcome if the
interpreter has a high reference level with regard to the
vegetation and agricultural practices of the region as well
as an understanding of the enhancement techniques (see Section
4.3,5,). Finally, if the differences in colour between the
land use categories cannot be ldentified satisfactorily then

the classification system must be modified,

4.,3.4., VISUAL INTERPRETATION AIDS
4,3,4.1., INTRODUCTION

Besides the various photographic and electronic pre-
processing teéhniques that were discussed in Section 4.1,
certain-other methods can be used to assist in the inter-
pretation of the imagery.and these can be considered under
the collective term "visual interpretation aids”. They include
optical enhancement techniques, image interpretation keys and

collateral information.
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4,3.4,2, VISUAL OPTICAL ENHANCEMENT TECHNIQUES

These techniques include the use of monocular magnifiers
(Salas, 1974; Joyce, 19741b,Hilwig et al., 1974), light tables,
binocular viewing of the combined image of two spectral bands
using a stereoscope to produce an image mixing effeect
(van Genderen, 974a; Hilwig et al., 1974), steroscopes utilising
the limited scope for sﬁereoscopy between frames (van Genderen,
1974b, Hempenius, 1974), Other investigators have used over-
head projectors, rear-view projectors (Sweet et al., 1974),
micro-film readers (Salas, et al., 1974), micro-fiche readers
(lardy and Hunt, 1975), 35mm slide projectors (Howard, 1974)
but problems of distortion when projected onto sereens have
led to limitations in their applications.,

- A more sophisticated approach involves the use of optical
additive colour viewers in which the black and white imagery
is used in various combinations with filters to produce false
colour images (Howard, 1974; Bale and Bowden, 1974; Carlson
et al., 1974; Hilwig et al., 1974; Justice et al., 1976.).
Likg the electronic additive colour viewers, this system is
more time-consuming and expensive than conventional techniques
and, according to Joyce. (1974),their use has been limited
to those investigators with the special skills and equipment
needed for the enhancement techniques. The main advantages
of optical additive colour viewers over electronic viewers
are that they have higher reéolution capabilities; uniform
brightness and easy in;erpreter interaction but a computer
interface is difficult to achieve if further interpretative
techniques are required (Estes and Simonett, 1975). As the

relatively high cost, special .interpretation skills and the
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time-consuming aspect of optical additive viewers contravene
“the basic aim of this investigation, i.,e. to consider In-
expensive and unsophisticated techniques for producing small
scale rural land use maps from LANDSAT MSS imagery, they will
not be examined in depth. Further detalls of optical

and electronic additive colour viewers can be obtained from
Estes and Simonett, (1975).

4.3.4.3, TIMAGE INTERPRETATION KEYS

Interpretation keys have been used with a wide range of
remote sensor imagerv, Their basic dim is to assist inter-
preters in the correct identification of objects and many
different types with varyving levels of complexity have been
devised, The design of the keys generally depends on the ex-
perience of the interpreter, the type of imagery, the inter-
preter's reference level (see Section 4.3.5.), the scale and
resolution of the imagery and the purpose of the investigation.

Image interpretation keys can be grouped into two cat-
egories, viz., "selective” and "elimination” and each category
offers certain interpretation advantages. Selective keys have
been designed so that the interpreter can select from a wide
variety of examples, the type which most clearly resembles
the object that he wishes to identify. Details provided with
the selected key can proﬁide the interpreter with information
that aids his final interpretation, Elimination keys have
been designed so that the interéreter can follow a sequence,
of steps and,by means of a process of elimination which
removes incorrect choices ,the key normally guides the inter-

preter to the correct identification of the objects.
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A recent summary of the various types of keys that have
been developed for use with remote sensor imagery, especially
aerial photography has been presented by Estes and Simonett,
(1975). More details of their use in photographic interpret-
ation can be found in A.S.P. 1960; 1968; Bigelow, 1963,
Colwell,1970.

Nunnally (1974) has been concerned with the problem of
training interpreters to use LANDSAT MSS imagery in land use
studies and he has suggested that "one way of minlmising
the effect of experience is to establish interpretation keys",
But, as far as can be ascertained no keys have been developed
to assist the visual interpretation of LANDSAT imagery.
Probably the most common technique that has been adopted
has been the process of making the interpreter [amiliar with
the various visual signatures on the imagery by comparing
them by means of transparent overlays. (Alexander,1973b).

4.,3.4,4, COLLATERAL, INFORMATION

Collateral information is generally accepted as that
data or material which provides supplementary details about
the region being investigated that can assist in the accurate
identification of objects or phenomena on the imagery, It is
available in many forms iIncluding topographic maps, various
types of thematic maps, e.g. solls, vegetation, 1ana use,
geology, etc., statistical reports, publications and aerial
photographs. Detailed exaﬁinatioﬁ of this type pf material

can provide valuable background knowledge which In turn aids
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the interpretation and the formulation of an adequate class-
ification system., Some investigators, e.g, Estes et al., (1974)
prefer to include data collected in the field as collateral
but for the purpose of this investigation field data has been
considered under the general term of “"ground truth"(see
Section 4.5.).

4,3,5, INTERPRETER'S REFERENCE LEVEL

In many articles dealing with photographic interpretation,
the authors have emﬁhasised the importance of the background
knowledge or reference level of the interpreter (Vink, 1964;
Bennema and Gelens, 1969; Nunnally, 1974).They have generally
referred to the specific skills and expertise that the inter-
preter has acquired within specialised disciplines, e.g. soil
science, vegetation science, geomorphology and their knowledge
of the region being investigated. Without this knowledge, the
scope for recognition,identification and classification of
various objects on the imagery is limited.

The level of interpretation of LANDSAT MSS data also
depends on the reference level of the interpreter and various
investigators have discussed the relative importance of know-
ledge in specialised disciplines (Thaman, 1974; van Genderen,
1975) as well as general regional knowledge (Estes et al.,
1974; Little and Scotney, 1974). With the interpretation
of land use from small scals LANDSAT MSS imagery the major
concern involves the identification of the spectral and
spatial relationships exhibited by the vegetation. Consequently,
a broad knowledge of the agricultural practices and the
vegetation of the region should be required for optimum dagg

extraction (Bale and RBowden, 1973; Lee et al., 1975).



-113.

This broad reference level should bes supplemented by relevant
collateral material (see Section 4.3.4.4.). However, Nunnally
(1974) has expressed concern about the problem encountered

by interpreters, having been trained to interpret land use in
one region, who are then required to investigate different
regions with unfamiliar Tand uses, He claims that the effects
of cultural background or "environmental modulation transfer
function {Schwarz et al., 1969 have been freguently
encountered but not adeqguately assessed.

In addition to the background knowledge mentioned prev-
lously, the interpreter should have a detalled knowledge and
understanding of the image acquisition faclility of the
remote sensor technique, This 1s particularly important with
the interpretation of MSS imagery due to the wide range of
combinations of spectral bands that are available to the inter-
preter (see Section 4.3.3.). His main task is to obtain the
best possible imagery at the most appropriate scale so that
optimum information extraction is achieved. However, unless
he understands the nature of the various spectral responses
exhibited by landscape features and their representation
at various scales on the imagery, his interpretation skills
will be limited even though his specific and regional know-
ledge may be high. Conseguently, an interpreter using LANDSAT
MSS imagery to map land use should ideally possess a refer-
ence level which emphasises regional vegetation and agricult-
ural practices as well as a detailed knowledge of the various
environmental and pre-processing parameters that affect the

formation of the imagery,
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4.3,6, MULTI-DATE IMAGERY (OR SEASQONALITY EFFECT )

Another important Technique that aids the interpret-
ation of LANDSAT MSS imagery involves the utilisatiom of the
relatively high temporal resolution of the system (see Seclion
4,2.5.). Theoretically, it is possible with LANDSAT 1 and 2
to produce imagery of the same part of the earth's surface
every 9 days but, in practice, the weather conditions and
operating procedures can extend this quite considerably.
However, if imagery can be acquired so that the major seasonal
effects of the vegetation are recorded, the task of inter-
preting rural land use can be simplified., Ideally, the imagery
acquisition should be "coupled" with the growing cycles of
the vegetation in the area being studied (Estes and Simonett,
1975) but this is very difficult to achieve in practice.
Most researchers claim that colour MSS imagery from at least
two seasons permit maximum potential for identification
(Estes et al,, 1974; Place, 1974; Peterson, 1975; Justice et al,,
1976). Also, the dynamic nature of the vegetation permits scope
for other types of photographic enhancement techniques, e.g.,
edge enhancement to detect boundary changes and density
analyses to detect changes in crop patterns {see Section 4.2,2.).

4,4, LAND USE CLASSTFICATTION SYSTEMS

As discussed previously (see Section 3.2.2.) the problem
of developing a satisfactory land use classification scheme
has caused considerable concern to some investigators using
imagery obtained from orbital sensors (Anderson, 1971;
Nunnally, 1974; NASA, 1974) whereas others have been content

to devélop ad hoc systems for particular areas being investigated
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(Rudd, 1971; Parry, 1974). Most researchers agree that no
single classification system can be devised that would

be suitable as a basis for all types of land use mapping.

This is mainly due to a combination of factors including the
purpose of the map, the final mapping scale, the resolution
and quality of the lmagery, regional characteristics, adeguate
descriptions of categories and the major land use types that
should be included.

The need for a bréad framework in order to bring some
form of standardisation between the mapping prograﬁmgs by
different organisations has been recognised in the United
States and various attempts have been made to produce systems
suitable for use with orbital imagery. Anderson (1971) out-
lined his ideas by proposing two systems for consideration
by interested organisarions. However, his approach, based on
fixed classifications has not been accepted by all researchers
as a satisfactory solution. For example, Nunnally (1974) and
Mower (1972) prefer the inductive approach to land use class-
ification recommended by Clawson and Stewart (1965) and
Numnally and Witmer (1970) in which the interpreter should
interpret land use in as much detail as possible within the
limitations imposed by the scale and resolution of the imagery
and then group the uses inte categories most appropriate to
his own investigation, Nunnally believed that "if basic
classes were properly defined and adequately described, the
original data could then be used effectively by others since
all detail would then have been preserved". Anderson (1971)
agreed with the criticism, which was also presented by Nunnally

and Witmer (1970), that it was quite probable that gaps would
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not be properly filled by using a pre-conceived classification.
But, he asserted that an hierachical arrangement appropriate
to a particular need for a land classification system seemsd
to be necessary in order to guide the interpretation of
remote sensor imagery. He used the argument that the inductive
approach could lead to a misdirected and possibly expensive
effort which may not be needed for a particular purpose.
Consequently, in his initial attempts to produce satisfactory
guidelines for the preparation of land use maps from orbital
imagery at scales ranging from 1:250,000 to 1:2,500,000, he
outlined two schemes for consideration (see Tables 4.4 and
4,5,). The first scheme was an attempt to devise a more activ-
ity oriented or functional categorization which would be
compatible with some of the classification systems that were
in widespread use, This scheme was intended for use with
orbital imagery in conjunction with information obtained
from other sources, The other scheme was Anderson's idea for
a classification system that cculd be used over the whole of
the United States, 1t was designed so that little or no
supplementary information from other socurces was necessary
but it assumed that vegetal cover surrogates could be effect-
ively used to identify activity-oriented uses. Both schemes
were designed to meet the requirements of a set of criteria
which Anderson developed in order to gain a better understand-
ing of current problems related to producing effective class-
ification schemes for use with remote ssensor imagery at scales
ranging from 1:250,000 to 1:1,000,000. (see Section 3.2.2.)
The background research by Anderson provided part of

the frame-work from which the Inter-Agency Steering Committee
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on Land Use Information and Classification attempted to develop
" a national classification system that would be receptive to
inputs of data from both conventional sources and remote
sensors on high-altitude alrcraft and satellite platforms,
and that would at the same time form the framework into which
the categories of more detailed land-use studies by regional,
state, and local agencies could be fitted and aggregated upward
for more generalized smaller-scale use at the national level"”
(Anderson et al., 1972). The committee was composed of rep-
resentatives from the Geological Survey of the United States
Department of Interior, the National Aeronautics and Space
Administration, the Soil Conservation Service of the United
States Department of Agriculture,the Association of American
Geographers, and the International Geographical Union, Its
work was supported by N.A.S.A, and the Department of Interior
and was co-ordinated by the U.S. Geélogical Survey. The
Steering Committee accepted the basic premise that a flexible
land use classification scheme was highly desirable in the
United States where for many years data had been collected
independently and with little coordination by many organisa-
tions at various governmental levels, This situation had often
led to duplication of effort and, at certain times, it had
been found that "data collected for a specific purpose were
of 1ittle or no value for a similar purpose only a short time
later"” (Anderson et al., 1972), Hence, the committee Ffelt
that the development and acceptance of a land use classifica-
tion system for use with remote sensor imagery which was
compatible with existiné systems was urgently neecded,

An important policy forming conference on Land Use

Information and Classification was held in Washington during
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TABLE 4.4,

SCHEME I of Land Use Classification System Proposed by
J.R. Anderson, Photogrammetric Engineering, 37,
4, 379-387, (1971)

A Tentatative Classification Scheme for Use with Orbital Imapery and with Some

Supplementary Information for Making Land Use Maps for the United States Ranging
in Scale from 1:250,000 tc 1:2,500,000

(This scheme assumas availability of some supplementary information f£xom other
sources. Vegetal cover terminology in parenthesis where applicable.)

I Resource Production and Bxtraction
A. Agricultural
(1) Crop Production (Gropland)
(CGropland-harvested except for orchards, groves, and vineyards;
cropland used only for pasture; and cropland not harvested and
not pastured)
{a) ZIrxigated Crop Production
(b) PNon-Irrigated Grop Production
(2) Fruit and Nut Culture (orchards, groves, vineyards)
(z) Irrigated Fruit and Nut Culture
(b) Non-Irrigated Fruit and Nut Culture
B. Grazing (Grassland and Shrubland)
(1) Rangeland Grazing (Rangeland)
(Native grasses, shrubs and brushland including sage brush,
scattered mesquite and scme other shrub types in the West)
{2) Livestock Pasturing (Pastures)
(Tame grasses and legumes and scattered brushland in the
East)
C. Faresrry
(1) Non-Commercial Tree Raising (Arid Woodland)
(Generally of little commercial value for timber or wood
products but may be of valus for watershed protection,
grazing, wildlife hsbitat and recreation)
(2) vLumbering and Pulping (Forest Land)
D. Mining and Quarrying

I1 Transportation, Communication and Utilities
A. Motoring (Highways)
B. Railrovading (Railroads)
G. Flying (Ailrports)
D. Communication and Utility Activity (Communication and Utilities)

IIT TUrban Activities
A, Urbanized Livelihood Areas (Urbanized Land) (1970 definition yet
determined by the Bureau of the Gensus)
(1) 1Industrial (industrial Land)
(2) Commercial (Gommercial Land)
(3) Residential (Residential Land)
(4) Other Livelihood (Other Land)-
B. Other Urban Livelihood (other Urban lLand). (Populated places cf
more than 2,500 but not including urbanized areas)
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Table 4-lliccml:.)

Towns and Other Built-Up Livelihood Areas (Town and Built-Up Land).
{With a lower areal limit which is identifiable through
interpretation.)

Recreational Activities

A. HMountain Oriented (Mountains)
B. Water Oriented (Water Bodies)
C. Desert Oriented (Desert)

Low-Activity Areas (Other Land)., (Bxcluding land of these types on
which land using activities are found.)}
A, Low-Activity Marshland Oriented (Marshland)
B. Low-Activity Tundra Oriented {Tundra)
C. Low-Activity Barren Land Oriented (Barren Land) including lava
flows and mountain peaks above timber line

Water Using Activities (Water Bodies)
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June 28-30, '1971 and was attended by morethan 150 represent-
atives of Federal agencles, state and local government,
universities, institutions and private concerns. Ensuing
discussions led the Steering Committee to propose that it
would develop and test a land use classification system that
could be used with remote sensor imagery with "minimal reliance
on supplemental information at the more generalized first and
second levels of categorization" and which would recognize the
need for compatibility with other more generzlized levels of
land use categorization in classificatlon systems that were
currently in use in the United States ( Anderson et al., 1972).
As well as utilizing the previously-mentioned contribu-
tions by Anderson, the Steering Committee considered other
relevant investigations, including research carried out by
Hardy et al., (1971) and Pettinger,(1971). Finally, the
recommended system was submitted for review and testing by
interested organisations and individuals as U.S. Geological
Survey Circular 671 entitled "A Land-Use Classification System
for Use with Remote Sensor Data",., Several interesting features
have been adopted in this system, Firstly, it i1s land cover
oriented at the two most generalised levels, i.e., the levels
most concerned with small scale imagery and detailed descrip-
tions of each category have been provided in the circular.
The activity aspect of land use is utilised in the thizd and
fourth levels of categorization but they have not been described
in detail because they were beyond the scope of the investig-
ation. Secondly, four classification levels were developed
on The assumption that different semnsors could provide inform-

ation for different levels of classification (see Table 4.6).
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TABLE 4,5,

SCHEME II of Land Use Classification System proposed by
J.R. Anderson, Photogrammetric Engineering, 37,
4, 379-387, (1971)

A Tentative Classification Scheme for Use with Orbital Imagery but with Little

or No Supplementary Information for Making Land Use Maps Ranging in Scale from
1:250,000 to 1:2,500,000

(This scheme assumes little or no supplementary information from other sources
but the assumption is made that vegetal cover surrogates can be effectively used
to identify these activity-oriented uses)

I Agricultural (with no distinction attempted between cropland and orchards,
groves, and vineyards and between irrigated and non-irrigated

II Grazing
III Forestry
IV Mining and Quarrying
V Transportation, Communications, and Utilities (first oxder only)
VI Urban Activities

VII Recreational (only if mountains, water bodies, desert, etc., are used as
surrogates and only if inference by knowledgeable persons is employed

VIII Low Activity Areas (Other Land) (marshland, tundra and barren land excluding
those classified by use of surrogates and inference as recreational)

IX Water Using Activities (Water DBodies)
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The committee proposed.that,due to the relatively small
scale of the imagery, Level 1 could only provide a general
classification based on major differences in land cover, whereas
Level 11, based on larger scale imagery and supplementary
information, permitted the complexity of the system to be in-
creased (see Table 4.6.). In addition, the committee accepted
the criteria suggested by Anderson (1971) (see Section 3.2,2)
and the system was designed to meet these requirements.

The definitions for each of the categories in Level 1
and 11 were subjected to testing and evaluation by the U.S.
Geologlcal Survey in three regional projects, viz, the Central
Atlantic Regional Ecological Site (CARETS) the Phoenix Pilot
Project, and Land Use Mapping for the Ozarks Regional Commission,
Initial tests mainly involved imagery obtained from high
altitude flights but the system was later found to work sat-
isfactorily when used with satellite imagery. Other organisa-
tions have used the system (Carlson et al., 1974; Dornbach
and McKain, 1974; Hardy et al., 1975) and, according to Lietzke
and Stevenson (1974), investipators have found that all Level
I and IT categories with the exception of Level II Imstitutional
could be delineared, They also stated that investigarors have
differed in the number of categories that they have been able
to detect ranging from 6 Level I categories to 34 categories
including 7 Level I, 16 Level II an& 11 Level ITT. They also
listed a nmumber of iand use categories which have been detepted
on LANDSAT imagery which were not included in U.S, Geological
Survey Cirecular 671 (see Table 4,7,). Some of these categories
have been included in the amended version of the classification

(Anderson, 1974) (see Table 3.2.) but, as stated in the
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TABLE 4,6,

LAND USE CLASSIFICATION LEVELS
(from .Anderson et al, (1971), U.S. Geological Survey Circular 671)

Classificatjon Level Source of Information

L Satellite imagery, with very little supplemental
information. Concerned with imagery cbtained
at scales of 1:250,000 or smaller

i1 High altitude and satellite imagery combined
with topographic maps. Goncerned with imagery
obtained at scales of 1:100,000 or smaller

IT1 Medium altitude remote sensing combined with
detailed topographic maps and suhstantial
amounts of supplemental information. Concerned
with imagery obtained at scales at 1:40,000
to 1:15,000

v Low altitude imagery with most of the information
derived from supplemental sources. GConcerned
with large scale imagery
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circular, the system was designed to be flexible within certain
limits and, therefore, a particular organisation could modify
it providing the recommended criteria were met,

After careful examination of its development and structure
and on the basis that it is the only nationally accepted land
use classification system for use with remote sensor imagery
as well as the fact that it has been successfully tested,
evaluated and implemented by many U.S. organisations, the
system has been accepted as the general frame-work for land
use classification in this investigation. Additionally, the
system outlined in the U.S.Geological Circular 671 would prob-
ably be more acceptable to overseas organisations in an overall
methodology for the production of land use maps rather than
the inclusion of a completely new and virtually untried system.
The U,S. system is quite flexible and should meet the needs
of most countries in providing a general working framework
from which a standardised land use classification system
could be developed for a particular situation.,

4,5, GROUND TRUTH PROCEDURES

4,5,1. INTRODUCTION

The use of the term "ground truth" in remote sensing has
caused a certain amount of controversy, Some investigators 1
including Estes (1974), Savigear et al., (1975) have stated
or inferred that it is quite adequaté and they have not been
concerned with interpretations of its literal meaning. On the
other hand, other investigators, e.,g. Lee et al., (1975) have
emphatically rejected the term in favour of "ground invest-
igation" or "ground data". They believe that "ground truth" !

is jargonistic and that it is a vague and misleading term
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TABLE 4,7

LAND USE CATEGORIES DETECTED ON LANDSAT-1 IMAGERY

WHICH ARE NOT IN LEVELS I AND 1T OF GLASSIFICATIONS

IV THE U,S. GEOLOGICAL SURVEY CIRGULAR 671

(from Lietzke, K.R. and Stevenson, P.A., {1974))

Mobile Homes

Parking Lots

Unimproved Open Space {bare)
Improved Open Space (irrigated)

Unimproved COpen Space (with trees)

Low Density Residential
High Density Residential
Developer Open Space (urban)
Rural Open Land
Right-of-Ways in Forest
Rural Settlements

Wooded Rangeland

Soy beans

Corn

Exposed soil

Winter Ryegrass

Stubble

High Density Single Family
Low Density Single Family
Mixed Multiple and Single Family

Agricultural (plowed)
Agricultural (non-plowed)
Extractive (mines)
Extractive (tailing pipes)
Extractive {basins)
Extractive (gravel pits)
Sanitary Land Fill

Water {natural basin)

Water (excavated basin)
Wetlands {Northern Bogs)
Wetlands (Southern Perennial)
Wetlands (Southern Seasonal)
Low Income Residential
Coastal Strand

Coastal Salt Marsh

Goastal Sage

Woodland Savannah
Riparian Vegetation
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which suggests that "the truth may be found on the ground".

For the purpose of this investigation ground truth has been
accepted as a commonly adopted and generally understood term
which has been used to describe the fieldwork associated

with the establishment of & detziled record of the"on-the-
ground" situation in order to validate the interpretation

of remote sensor imagery. This aspect has often been criticised
by researchers as the most neglected aspect of remote sensing
investigations (Benson et al., 1971; Nunnally, 1974).

The amount and type of ground truth data acqulred usually
depends upon the nature of the project being undertaken, the
quality, scale and rescolution of the imagery, the range of
interpretation techniques, the availability of supplementary
information including topographic maps, reports and, statistical
data. Therefore, careful selection of the variables that should
be investigated and the extent of thelr measurement and/or
description should be a major consideration in any mapping
programme based on remote sensor imagery. In this investigation
the emphasis is placed on the collection of data in the oper-
ational sense, This is in contrast to the more strictly con-
trolled basic research approach in which very detailed measure-
ments of surface and sub/surface variables may be taken at
various stages before, during and after the acquisition of the
imagery in order to establish environmental parameters which
significantly affect the image characteristics, e.g. Curtis
et al., 1974; McDonald et al., 1973.

The data will be used initially to ascertain whether
the preliminary interpretation was correct (i.e. whether the
required accuracy levels are attained). Also, additional

information collected at the sample sites will be used to
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determine reasons for possible mis-interpretations and whether
the classification system is satisfactory. Accordingly, the
interpreration of image patterns covering comparatively large
iand surface areas on small scale lmagery is the dominant
problem rather than the establishment of possible causal
relationships between the various image responses and envir-
onmental factors as attempted in the more intensive ground
truth studies,

As the major aim of this research is to present a method-
ology for the rapid production of small scale land use maps
using unsophisticated techniques, the nature of the variables
to be observed and the development of an overall sampling
procedure that would permit quick collection and evaluation
of data therefore forms an important stage in the investigation.
But, in addition, the extent of the ground truth data collection
is closely tied to the structure of the classification system
which, if correctly established, has certain controlling re-
quirements or criterla that tend to regulate the scope of the
inguiry (see Section 3.2.2.). These criteria usually determine
the accuracy levels To which imagery should be interpreted,
the minimum size of areal units and other aspects which can
affect the nature of the overall ground truth procedure., Also,
the majority of ground truth information in this type of invest-
igation will normally be collected after the LANDSAT MSS data
has been recorded at the ground receiving station. This sit-
uation is due to a combination of factors including the oper-
ating schedule of the receiving station, the data processing
time, evaluation of the imagery for cloud cover and spectral

qualities, and delivery time, Consequently, the dynemic nature
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of the landscape, especlally vegetation patterns must be taken
into consideration when collecting ground truth data in this
kind of study. Most investigators recommend that lmagery

from different seasons should be used if possible so that a
reasonable representation of the spectral responses can be
observed (see Section 4.3.6.). This means that, as well as the
careful selection of variables and the most appropriate samp-
1ing procedure, the most sultable time(or times or field
checking should be selected in order to avold expensive and—
time-consuming field surveys. A more detailed discussion of
seascnality and its effects on interpretation is presented

in the section dealing with Interpretation Techniques (see
Section 4.3.).

4,5.2, SAMPLING PROCEDURES

4.5.2,1, GENERAL

Due to time and cost constrazints it would be virtually
impossible, in the practical sense, to check completely each
land use parcel throughout any region, Therefore, a valid
sampling procedure is required, Unfortunately, different
viewpoints and a certain amount of uncertainty exists about
which approach is most appropriate and various rescarchers
have attempted to provide satisfactory compromises between
theoretical and practical demands, Sémpling technigues in land
use surveys have ranged from simple North-Soutﬁ and East-West
traverses and the identification of doubtful points (Kriesman,
1969) to multi-stage strategies (Aldrich, 1971; Rehder, 1975).

During recent years financial and temporal limitations,,
combined with the problem of adequately representing important

minor classifications in the arezl sample, have tended to
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focus the attention of reseachers involved in land use
surveys towards some form of stratified sampling technique
rather than a strictly random sample, The major difference
between the two approaches is that with stratified random
sampling the areal sample space is divided into strata and
each stratum is treated asc a separate sub-universe in which
simple random sampling is employed (Kelly,1970). However,
no complete description of appropriate stratified random
sampling procedures applicable to. this in&estigation

can be located, Most researchers have stated that they have
adopted a particular strategy without fully describing the
methods they used for selecfing samplesizessthe location and
areas of sanmple sites and the criteria adopted for accepting
or rejecting the sites.

Zonneveld (1972b)has strongly emphasised that random
sampling in land evaluation surveys tends to give too much
prominence to the larger areas to the detriment of smaller
areas which may be equally as important as the larger areas.
He believes that the selection of points within a fully
homogeneous area as indlcated by interpreted patterns on the
imagery should be random rather than using an overall random
sample. In a later article he states that "pure random sampling
is only appropriate in pure scientific surveys of small areas,
where nobody is walting for the results, except the scientist,
who is amusing himself and can afford to spend much time",
(Zonneveld, 1974). However, he does not present an in-depth
account of his technique and he does not give any indication
of the number of sample points required with each category other

Than “"the total number of samples to be taken is then divided
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between these preliminary communities,”

In an attempt to evaluate land classification procedures
using simulated space photographs, Rudd (1971) considered
that stratified random sampling was the most appropriate.
After interpretation, the area of each category was measured
and the smallest category {in area’) was allocated five samples
points and the other categories were allotted sample points
in proportion to their respective areas., No reason was given
for adopting five sample points for the smallest area.

Dodt and van der Zee{ 1974) have discussed the importance
of ground checks in the identification of rural land use by
photo-interpretation in order to verify all non-identifiable
and ambiguous objects as well as sampling each category to
check the\accuracy of interpretation, No indication.of samp-
ling method or suggestions about the appropriate number of
sampling sites was giVén but they did include some criteria
for establishing interpretation accuracy including the 85- 95%
limits suggested by Anderson (1971).

Stobbs (1968) has described how he used a random sampling
technique to measure land use in Malawi. In effect, it is
a stratified random sampling method because he actually
stratified his region by using prescribed areas on individual
aerial photographs and calculated the number of points to be
sampled on each photograph by using a pre-determined formula
(see Table 4.8). Although it is one of the few published re-
ports where the mathematical basis for determining the number
of sampling points is adequately detailed, the design para-
meters do not permit it to be used in this investigation,

A similar sampling approach utilising the same formula has
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TABLE 4,8

DETERMINATION OF THE TOTAL NUMBER OF POINTS REQUIRED
TO SAMPLE THE COMPLETE PHOTO COVER OF AN ECOLDGICAL,
OR ADMINISTRATIVE, UNIT IN ORDER TO PRQVIDE
AREA ESTIMATES OF VARIOUS LAND USE CATEGORIES,
WITHIN SELECTED ERROR LIMITS

from Stobbs, A.R., 19638
The Cartographic Journal, 5, 2, 107-110

38,400

P X E2

= (100-7)

N = the totzal number of sampling points

P = the percentage of the total area of the ecological or
administrative unit occupied by the most critical land
use category (in the first instance, P is usually an
estimate) made on the safe side

38,400 = a constant based on Student!s ''t'', taken at the
95 per cent level of probability

E = the percentage error within which results can be
expected to fall in 95 per cent cases

Thus, if the most critical land use category covers some 5
per cent of the total area of the unit, and the sampling
error is to be no greater than 5 per cent then substituting
in the above formula, we get

N = (100-5) X 15&399—5
5X ({5

f

= 29,184

Thus, in this example, if 1000 photos are inmvolved the
central portion of each photograph should be sampled by a
template having 29 randomly distributed points
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been carried out in Nigeria by Alford et al., (1974).
Multi-stage sampling procedures have been used in studies
associated with the production of land use maps from LANDSAT
imagery..Usually. the interpretation of tﬁe land use patterns
on the orbital imagery becomes the first stratification in
the multi-stage design. This is then accompanied by several
stages of sub-sampling using low and/or high altitude photo-
graphy and/or ground data acquisition to quickly and effic-
iently check land use interpretations, Unfortunately, the
problem of insufficient published details about this type of
sampling design applied to visual interpretation téchniques
still exists, Poulton et al., (1975) in a review of synoptic
resource inventories claimed that "methods and sampling
theories developed primarily in forestry (Langley,1969) are
beginning to be applied successfully to various rangeland
problems (Driscoll and Francis, 1970; Johnson, 1973; Langley,
1974) ", No further details were provided and, unfortunately,
two of the last three references gquoted by Poulton were
personal communications and the other could not be located.
Therefore, specific details of their approaches could not be
investigated, However, Aldrich (1971) has utilised Langley's
extension of the theory of probability sampling to develop
multi-stage sampling designs for timber mortality surveys
and National Forest Management Plan inventories in attempts to
determine gross volumes of timber from small scale imagery.
But, the procedure is not directly applicable in this invest-
igation as it involves larger scale imagery and was primarily
designed to estimate timber volumes,

In summzary, stratified random techniques have been
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readily accepted as the most appropriate method of sampling

in land use studies using remote sensor imagery so that smaller
areas can be satisfactorily represented. But the problem
remains about how to select the beéest sample size for each
category. Several alternative methods have been used, e.g.

(1) stratify the region geometfically and then
randomly select points within each square or
rectangle (Berry and Baker, 1968). The number of
points may be determined by utilising formulae
( e.g, Stobbs, 1968; Alford et al.,, 1974);

(2) stratify the region by interpreted land use
categories and then estimate the total number
of sample peoints that could be visited due to
The constraints imposed by time and money and
then distribute them proportionally by area
(e.g. Zonneveld, 1974);

(3) stratify the region by interpreted land use and
then allocate a certain number of sample points
to the category with the smallest area and then
distribute sample points to the other categories
in proportion to their areas (e.,g., Rudd, 1971},

It is considered that the above methods do not provide

sufficient statistical justification for the alloecation of

sample points in each category of rural land use utilising

LANDSAT MSS imagerf. Consequently, a more detailed and more
reliable method for determining the most appropriate (i.e,

minimum) sample size should be ascertained.

The method proposed by the author is explained and just-

ified in the section on Sample Size (i.e. Sectiom 4,5,2.2.).
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It is this method which was adopted for use in the ground
truth phase of the project as described in Chapter 5.%

4,5,2,2, SAMPLE SIZE

As one of the basic objectives of the present study is
to devise a classification of rural land use on the basis of
LANDSAT MSS imagery, the function of the ground truth survey
in such an operational system is to utilize a sound statistical
sampling design which will test the correctness oi the attri-
bution by interpretation of specific sites to classes in the
classification. That is, for any sample point, it should be
shown whether the remote sensing attribution to a class within
the cléssification is correct or in error.

Some of the main aspects that need to be considered in
such a remote sensing sampling design are :-

(i) the frequency that any one land use type {on the
ground) is errcneously attributed to another class by the
interpreter., For example,in Table 4,9 3/15 of A is erronecusly
attributed to the other classes;

(ii) the freguency that the wrong land use (as observed
on the ground) is eproneously included in any one class .by
the remote sensing interpreter. For example;in Table 4.9
5/17 of A attributions are erroneously interpreted;

(iii) the proportion of all land (as determined in
the field) that is mistakenlf attributed by the interpreter,

For example, in Table 4.9, 8/51 of all attributions are

% The writer gratefully acknowledges the assistance and
guidance of Dr, A. Hay, Senior Lecturer in the Department
of Geography, University of Sheffield, in the formulation
of the statistical sampling methodology which the author
has adopted for use in remote sensing studies.
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TABLE 4,9

MATRIX SHOWING HYPOTHETICAL NUMBERS
OF STITES TIW AGTUAL AND INTERPRETED
LAND USE CATEGORIES

LAND USE (on the ground)

A B C Sum

LAND USE A 12 1 4 17

{interpreted —

from B 2 19 H 21
imagery) -

G 1 a 12 13

Sum |° 15 20 16 51




-136-

incorrect; and

(iv) the determination of whether the mistakes are
random ( so that overall proportions are approximately
correct), or subject to a persistent bias. For example, in
Table 4.9. is there a significant tendency to mis-attribute
1and use C {(on the ground) to category A,.i.e. 4/16 7

Thus, on2 of the objectives is to design a sampling and
statistical testing procedure which will allow an approximate
answer to each of these aspects.

In order to determine the optimum sample sizew for a
stratified random sample of a region which has been mapped by
remote sensing techniques, it is necessary to consider first
of all, one land use type or category {stratum) which has
been identified from the LANDSAT MSS imagery. & sample of x
points in that land use type can then be selected, and the
number of errors (f ) checked in the field.

If such a procedure adopts a very small sample (e.g.

x = 10), the number of errors would normally also be small
(e.g, £ =0,1,2,3, ...).However, the achievement of perfect
results (i.e., £ = 0) in such a small sample does not imply
that the method is error free, as such a result may occur

by chance in a situation where a substantial proportion of
the land use ¢lassification was in fact, erroneous,., This

point has seldom been appreciated by many image interpreters
when checking the accuracy of their remote sensing land use
survey. The proportion of the interpretation which is in error

* "optimum" sample size is defined as the minimum number of
points that need to be checked in the field in order to meet

a specification requirement of g accuracy. Especially for low
cost, operational surveys, it is critical that a method of
sampling is used which is both reliable and fast (i.e. the
method should enable the operational mapping organisation to
meet the accuracy levels required in the shortest possible time).




specified

interpretation

accuracy

TABLE 4,10

PROBABILITY OF SCCRING NO ERRORS IN SAMPLES OF VARYING SIZES FRCHM A
POEULATION WLITH A RANGE OF REAL ERROR PROPORTIONS g

SAMPLE SIZE

5 10 15 20 25 30 35 40 45 50 60
.99 0.5472
.95 0.2146 | 0.1661 | 0.1285 | 0.0994 | 0.0769 | 0.0461
.90 0. 2059 0.1216 0.0718 0.0424 0.0250 0.0148 0.0087 0.0052
.85 0.0874 | 0.0388 | 0.0172
.80 0.1074 | 0.,0352
.70 0.1681 | 0.0282
.60 0.0778
<50 0,0313 :

stepped line indicates approximate .03 level of probability

AN A
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would, however, be identified in a very long run study,

and is normally called p% (or p as a decimal fraction). The
probability of making no interpretdtion errors when taking

a sample of x from a remote sensing based classification,with
real errors having_a probability p,is given by the biﬁomial
expansion ( p + q) *in which g = 1 - p. In the case of no
errors in the interpretation, the last term of the expansion
is the only one of interest (i.e. q ¥).

Table 4.10 shows the probability of scoring no interpre-
tation errors in samples of varying sizes taken from a pop-
ulation with a range of real error proportions q. Examination
of this table shows that no error .sample results can quite
easily arise in small sampies even when the true errcr rate
is high. Taking the conventional probability level of *95/°05
( i.e. 954/5% )}, it is clear that the table can be divided
into two parts by a 'stepped' line. Above and to the left of
the line, the probabilities of obtaining error free sample
results are low, even wheh true errors may be present in
appreciable numbers. On the other hand, below and to the right
of the line, it is possible to identify the high probability
that these error free results could have been obtained except
from a method which was not truly error free. This shows that,
if the permissible error rate in image interpretation is
predetermined, for example. 85-90%, as suggested by the U.S,
Geological Survey Circular 671 (Anderson et al., 1972) or as
required in an operational job specificatioﬁ, the sample size
for each land use category (stratum) necessary for 85% intex-
pretation accuracy should be at least 20, and for a 90%

accuracy, 1t should be at least 30, Thus, by using this table,
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TaBLE 4.11

PROBABILITY OF SGCORING ERRORS IN SAMPLES OF VARYING SIZES FROM
A POPULATION WITH REAL ERROR PROPORTION OF 85%
i.e., THE SPEGIFIED INTERPRETATION AGCURACY LEVEL IS B85%

number of
errors
sample (£) 0 1 2 3 4 5
size
15 L0874
20 .0388 | .1368
25 0172 | 0759 | .1607
30 .0076 | .0&04& | .1034
T35 L0034 | .0209 | .0627 | .1218
40 .0365 | .0816
45 : .0206 | .0520 { .0963
50 : .0319 | .0661 | .1072
55 0189 | .0434 | .0781
60 , . 0275 | .0544
65 ) .0365

stepped line indicates approximate
«05 level of probability
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the minimum sample size required for checking any interpreta-
tion accuracy level can be determined, It is a minimum because
for any smaller sample size even a "perfect" (i.e. error frece
ground check) result signifies very little. Tables 4.11
and 4.12 provide more detailed calculations of the probabili-
ties of scoring errors in samples of varying sizes with
specified interpretation levels of 85% and 90% respectively.
Although strictly speaking a sample of the calculated
size should be selected for each land use classification
category {or stratum), it is recognized that some land use
categories will occupy such a small proportion of the total
area (e.g. reservoirs, salt lakés, small forests), that such
a sanple size would be difficult to obtain. In such cases it
is normally feasible to wvisit each of these sites during the
field check in order to werify the accuracy of interpretation.

4.,5,2,3, SAMPLING STRATEGY

It has been demonstrated above that a minimum sample
size of at least 30 is necessary for each land use type in
order to meet the .U.S5. Geological Survey Circular 671 criterion
of 90% interpretation accuracy in land use surveys'using remote
sensor imagery. To locate these 30 points, random point samp-
ling within a land use category ( or stratum) can then be
performed by sampling using random spatial coordinates. By
this method, each random point is attributed to the inter-
preted land use type in which it falls until a sufficient number
of points (e.g. 30) has been achieved in all categories. Once
one land use type has been sufficiently -sampled, further
points that fall in that type may be ignored, whilst the

random sampling continues until all types have 30 points
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TABLE 4,12

PROBABILITY OF SGORING ERRORS IN SAMPLES OF
VARYING SIZES FROM A POPULATION WITH REAL ERROR
PROPORTION OF 90%, i.e. THE SPECIFIED

INTERPRETATION AGCURACY LEVEL IS 90%

) number of . E’
"~ errors .
sample ™ - .("E) | 0 i 1 2 3
S5lZe . ‘,'
; 15 | L2059
! 20 | 1216
i 25 P .0718 | L1994
f 30 | o424 | L1413
f 35 | L0250 | .0973 |
E 40 .0657 |
: 45 ? L0436 | .1067
E 50 | 0286 | .0779
| 55 ; .0558 | .1095
i 60 ; .0393 | .0844
3 65 } .0636 |
70 | | .o470

+05 level of probability

stepped line indicates approximate
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within them. Normally, however, the land use categories in
which such discounted random points have fallen should be

noted together with their location, in order to provide a
larger sample size for each land use type., This allows suffi-
cient reserve points to be collected in order to ensure adequate
coverage caused by the inability to reach a particular site

due to unforeseen circumstances,

This type of remote sensing sampling strategy has the
advantage that it could he easily adapted for use with most
forms of remote sensing imagery including orbital data. Thus,
the proposed sampling strategy developed above and tested in
the field (as described' in Chapter 5) provides a reliable
framework for testing the ‘accuracy of any remote sensing image
interpretation-based land use classification using the minimum
number of points; thereby saving time and money especially if
it is employed in operational surveys where high accuracy levels
have to be guaranteed.

4.5.2.4, SIZE OF SAMPLE POINT

Obviocusly, the term sample "point" in this type of study
is a misnomer because, even though the theoretical location
of the sample site may be determined by the grid intersection,
the practicalities of field work make it virtually impossible
to locate and classify. Therefore, a selected area around the
point must be considered and its actual size will depend on
the scale and resolution of the imagery, the map scale and
the purpose of study. Agaln, there appears to be little guid-
ance in the published literature but it is generally accepted
that the quadrat should not be smaller than the ground resol-

ution of the system used. Consequently, in the case of LANDSAT
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MSS imagery the size of therpointse in land use surveys
should be greater than pixel size, i.e. greater than 79m. by
7%m,

Lietzke and Stevenson (1974) have reported that the
"irhreshold of resolution is 10 acres (4.05 hectares) for
comprehensive land use mapping and 2 to 5 acres {0.8 to 2.03
hectares) for some specific categories". No mention of mapping
or imagery scale was given but, on the-basis of this informa -
tion, the minimum resolution, i.e, the smallest identifiable
land use pattern would be an area equivalent to 200 m, by
200 m, or approximately 6 times the area of a pixel,

Jovee (1974§>states that "the minimum-sized unit area
delineation of 40 acres (16 hectares) or larger is most common”
and refers to research by Alexander (1973a) Sizer, and Brown,
(1973); and Hardy, Skaley and Phillips, (1974). Consequently,
it appears that the size of the sample "point" should fall
between the resolution threshold (200 m. by 200 m.) and the
minimum size area that can be delineated, i.e. 400 m, by 400 m.
(16 hectares). Joyce did not state the scale of the maps he
was diseussing but Hardy et al., mentioned that "direct transfer
may be made at ratios of 1:250,000 and 1:150,000 with map
units of about 25 hectares (500 m, by 500 m.) and 10 hectares
(316 m, by 316 m,) respectively! For the purpose of this invest-
igation a square of 250 m, by 250 m. has been adopted as the
size of the sample point., More details on scale and resolution
have been presented in Sections 4.2.4. and 4,2.5. respectively,

4.5.3. GROUND DATA ACQUISITION

As mentioned previously the correct selection of the

variables which should be investigated in the field forms an
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important part of the overall ground truth procedure. The
variables should represent the dominant factors that have
affected the spectral nature of the image and the extent to
which they should be recorded in the field is mainly a function
of the scale and resolution of the imagery, the classification
system and the purpose of the study,

The main variables that have been considered in small
scale land use surveys have included soil, bedrock,vegetation,
surface morphology, urban centres, water surfaces, slope
and aspect, But, the appropriate level of measurement and/or
description has not been adequately described and most guid-
ance can be obtalned by examining the data acquisition sheets
devised for 1aﬁd use mapping from aerial photographs, e.g.
Benson et al., 1971, terrain analysis studies, e.g. Mitchell,
1973, other élosely related studies, e.g. Henderson's (1975)
investigation of the role of radar in land use mapping or the
more basic research oriented studies investigating LANDSAT MSS
imagery {e.g. Curtis and Hooper, 1974). These different
approaches, at least,give some idea of the level of descrip-
tion at the particular scale that the researchers have decided
o investigate.

Small scale land use surveys have had the constraints of
the classification system super-imposed over the data collect-
ion techniques and this has controlled the extent to which
data has been collected. Therefore, 1f the broad outlines
provided by the U.S. Geological Survey Circular 671 are adopted
then the land use variables should be measured or described
in a "hierachical manner to coincide with the various levels

of the classification scheme, i.e., Levels 1 to 4,
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This means that a satisfactory ground data sheet should be de-
signed so that the information can be collected at different
levels of sophistication but with an operational rather than

a research bias. The extent and type of data collection in

the field are largely influenced by time and cost factors

and rigidly controlled observations which aid the very detailed
analyses of spectral responses are not reguired,

The major factors to consider at Levels 1 and 2 are those
which lead to the spectral responses on the imagery associated
with broad categories of vegetation. These mainly include the
distribution patterns of the vegetation and the colour of
vepetartion and soil associated with those patterns. Data may
21lso be collected which coincides with the U.S, Geological
Survey Circular 671, Levels 3 and 4. This permits the more
specific identification of vegetation types at the sample
point and their use may not be ob%ious during field work "
but the daté may be helpiul when trying to isclate reasons
for mis-interpretaticn. For example, the seasonal variation
in some types of vegetation may vitally affect the response
recorded on the imagery.

Other factors which affect the spectral responses should
be recorded, e,g. slope, vegetation spacing and height, colour
of surface., Provision should be made for recording possible
seascnal changes in vegetation characteristics at different
levels as well as possible new development projects in the
region which could cause discrepancies between Tthe imagery
and the data collection. Ground level photographs of the sites
have been found useful in assessing mis-interpretations., In

addition, vertical aerial photographs have been used by various
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researchers as an alternative method of establishing the
accuracy of their interpretation of orbital imagery
(van Genderen, 1973b; Sweet et al., 1974).

The stages in the preparation for data collection and
the associated field procedure will be described in detall
in the next Chapter.

4,.5,4, SUMMARY

The collection of information about selected variables
at an appropriate level regquires the development of an approp-
riate sampling design and ground data collection procedure
which will enable the rapid collection of data to check the
accuracy of interpretation and to help isolate possible
reasons for mis-interpretation. Basically, this necesgsitates
the selection of an adequate sampling strategy, optimum
sample size, area of sample "points" and the development of
an adequate ground data collection form and traversing
procedure,

Investigation has shown that the most appropriate samp-
ling strategy for this study is the stratified random technique.
However, no established method for determining the ideal
number of sample points could be discovered and a special
method has been developed to overcome this problem (see Section
4,5,2,2.). The size of the sample "point" was established after
considering the minimum mapping unit and image resolution
(see Section 4.5.2.4,). Detailed explanations of the applica-
tion of these aspects in the operational sense and the devel-
opment and use of a ground data acquisition sheet and field

traversing routine are presented in Chapter 5.
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4,6, GENERAI, SUMMARY

The overall aim of this chapter has been to consider the
main factors that affect the level of sccuracy of the product-
ion of small scale land use maps from LANDSAT MSS data in
order to assess the relevant approaches that have been util-
ised within a broad range of remote sensing technigues, In
addition, it has brought together the results of many research
projects which have focussed on specific problems that are
applicable in the production of small scale land use maps.
Consequently, the summary of techniques has permitted the
evaluation and elimination of some methods and it has also
allowed some procedures to be adapted and new ones to be
developed so that.the basis for a feasible methodology can be
established,

It appears that the major problems to be investigated
revolve around the selection of the most appropriate imagery
format and scale, visual interpretation procedures, the
development of z satisfactory classification scheme and the
establishment of a viable sampling procedure for testing the
results of the interpretation as well as locating possible
reasons for mis-interpretation, The next logical step, there-
fore, is to test the most relevant techniques involved in
each stage in the operational sense and Murcia Province,
South Last Spain was chosen as the most suitable location.

The results of these investigations are described in the next

chapter.
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PRODUCTION OF MURCIA PROVINCE (1:250,000) RURAL LAND USE MAP

5.1. INTRODUCTTON

The general aim of this chapter involves the evaluation
and selection of the most appropriate technigues that may be
utilised in the production of a small scale rural land use
map of Murcia Province, South East Spain. The findings will
then be used as the basis for the formulation of a detziled

methodology that may be applied in the production of similar
maps in oTher regions, in particular, semi-arid developing
regions. Most of the methods that were reviewed in Chapter 4
will be tested and several new methods will be proposed,

But, before any mapping programme can commence, the objective
behind the production of the final map and its specifications,
especially the final mapping scale, should be clearly defined
as they place constraints on all aspects of the map production,

In this study, the main objective was the rapid production
of a small scale map from LANDSAT MSS imagery showing the
broad distribution of rural land use patterns in the Murcia
Province which could serve as a basis for monitoring land
use changes, .2, the growth of the irrigated areas and
possible changes in forest boundaries. No land use map of the
Provinece has been published and only a few large scale land
use maps covering comparatively small porticns of the Province
have been produced., The use of conventional aerial photography
techniques would have besen too time-consuming and expensive,
and the LANDSAT MSS imagery offered the only viable method.

The selection of the final mépping scale required careful
deliberation as it tended to control many of the practical

aspects involved in the subsequent mapping procedurs. However,
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before it could be finalised, the availability and resolution

of imagery in appropriate formats and scales as well as possible
investigation techniques were investigated. In addition,
available reference material including relevant maps, reports,
aerial photography and the main objective ‘needed to be in-
cluded in the assessment and a compromise reached over which
scale would suit the limits imposed by each factor, Also,

a limited amount of guidance was provided by other invest-
igators involved in producing land use maps from LANDSAT MSS
imagery. (see Section 4.2.4.)

The final mapping scale of 1:250,000 was selected for
use in this study after careful consideration of the purposec
of the completed map, the availéble imagery and the current
topographic and thematic maps of the regiomn. Although the
most relevant Spanish topographic maps have been produced at
a scale of 1:200,000;thematic soils, geology and vegetation
maps of the Province have been published at 1:250,000. The
existence of these thematic maps at 1:250,000, plus the fact
that the colour composites from the EROS Data Center are also
at 1:250,000 helped to resolve the problem of the scale of
the resultant land use map. Furthermore, additional enlarge-
ment would lead to poorer resolution and possibly a lower
level of interpretation accuracy. Also, as the main user of
the map is to be the Spanish Ministry of Agriculture through
its Instituto de Orientacion y Asistencia Tecnica del Sureste
based in Murcia, who produced the 1:250,000 soils, vegetation
and pgeology maps referred to above, the rural land use map
produced in this study will supplement this series as well

as serving ' as a base in their overall planning of agricultural
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development of the Province.

In order to establish a satisfactory background that
will opermit a better umderstanding of the relationships be-
tween the different spectral responses on the imagery and the
land use patterns, an initial general description of the
vegetation and agricultural practices will be presented.

This will be accompanied by detalls of relevant collateral
material, Then, detailed descriptions of the various stages
of the map production will be presented.

5.2, _STUDY AREA : MURCIA FROVINCE

Murcia Province was selected as the study area for a
variety of reasons, vig:
(1) it is a semi- arid region readily accessible from
the United Kingdem (see Figure 5.1.).

"(2) it is an official N.A,S,A, and E.S,A. (formerly
E.S.R.0.) ground truth site for testing remote-
sensing techniques (see Figure 5.2,),

(3) Targe irrigation schemes are being developed
in the region and they will bhange the farming
practices over large areas {Lopez-Bermudez, 1975)
(see Figure 5,3.).

(4) the Provinge contains many detailed agricultural
patterns with associated land manage@ent problems,

(5) no land use map of the whole Province exists.

(6) the Department of Geography, University of Sheffield
possesses a wide range of imagery including
orbital and conventional aerial photographs covering
the test site (see Figures 5.4.5.5.). Also collateral

material including Ph.D., M.Sc. theses, unpublished
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reports, ete,which have been obtained on previous field
excursions to the region was available,
Situated in South East Spain, Murcia Province has an
area of approximately, 11,000 square kilometres and is
dominated by the Segura River and its associlated lowlands.
The physiography of the remainder of the Province consists
basically of a series of parallel mountain ranges with inter-
vening plains, The region is semi-arid and 1lies within the
rain-shadow of the Meseta, It is one of the driest areas of
Spain with a mean annual rainfall of 309 mm, (1862-1971)
received mainly in autumn and spring and oiten in sudden,
heavy downpours, Mean monthly temperature rise from 10°C in
Janmuary to a maximum of 27°C in August (see Figure&5.6,.577) ,
Generally, the rainfall is insufficient for widespread agri-~
culture and cultivation is mainly confined to the vicinity of
streams or located in areas served by irrigation schemes
(see Figure 5.8.) Mean annual temperature decreases and mean
amual rainfall increases towards the North West of the Province.
The main agriﬁultural products of the Province include
olives, almends, oranges,lemons,grapes,apricots,peaches,
vegetables and cereals. Several different types of agricultural
practices are carried out and have been summarised under the
following categories :-
1) irrigated tree crops, €.8. Ccitrus, peaches, apricots
{see Photograph 5.1 )
2) 1irrigated inter-cropping with many different com-
binations of crops e.g., fruit trees and vegetables
(see Photograph 5.2.)
3) non-irrigated inter-cropping, €.g.almonds and

cereals.,
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(see Photograph 5.3.)
4) monoculture in non-irrigated areas. Predominantly
cereals although some large areas of vines in the
North East and some smaller areas of olives are
scattered throughout the Province. (see Photograph
5.4.)

The Province is characterised by a wide variety of field
shapes and sizes ranging from approximately ¥ acre (0.1
hectares) in irrigated areas to 20 acres (8 hectares) or larger
in the dryland areas (see Photographs 5.5,5.6 ).

The natural vegetation of the Province can be divided
into two broad groups, viz: evergreen forests and matorral,

The evergreen forests mainly include Pinus pinaster, Pinus

halepenis,Quercus rotundifolia and Juniperus thurifera and

are mainly found on the middle and upper levels of the steep
north-facing slopes of the mountain ranges where lower temp-
eratures and lower rates of evaporation result in denser
vegetation,. Matorral is a Spanish term that has been used
to describe Mediterranean scrub communities and includes the
relatively tall "maquis" and the shorter "garrigue" (or
"egarigue") (Polunin and Smythies, 1973), Opinions differ amongst
botanists about an adequate separation between the two. The
problem has been due to a combination of physiognomic, .biotic
and edaphic factors as well as the additional effects of man
and animals.

In Murcia Province there are few areas of maquis as
defined above, and garrigue has been accepted as the overall
descriptive term for the low scrub community, The garrigue

throughout the Province displays a comparatively large

III.III....I............III-I-r—f
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Photograph 5.3 Non-irrigated inter-cropping of
almonds and cereals, Alcantarilla.

Photograph 5.4 Cereals in non-irrigated area,

Calasparra. Note garrigue on
steeper slopes.
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Photograph 5.5 Small irrigated fields near
Cehegin.,

Photograph 5.6 Large non-irrigated fields
near Moratalla.
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geographical variation in floristic composition and vegetation

height. Some of the most common include Teucrium polium ,

Rosmarinus officinalis, Periploca laevigata, Pistacia lentiscus,

Quercus coccifera and species of Thymus, Artemisia, Thvmelaea,

Erica,

More detailed descriptions of the vegetation, soils and
geology of the Province are provided in two official public-
ations of the Centro de Edafologia y Biologia Aplica del Segura,
viz. " Estudio Edafologico y Agro biologico de la Provincia de
Murcia ", 1966 and 1968 which were prepared by the Instituto
de Orientacion y Asistencia Tecnica del Sureste, Murcia.

A bibliography containing articles about the physical
geography of the Province has been compiled by Lopez-Bermudez
(1973a). Other recent articles on relevant topics are :-

1. Climate - Lopez-Bermudez (1971,1973b )

2, Agriculture - Garcia-Tornel (1968,1971b), Bel (1973)

3. Development projects - Garcia-Tornel (1968,1971a),

Lopez-Bermudez (1975)
5.3. STAGES OF PRODUCTION OF MURCIA PROVINCE RURAL

LAND USE MAP

5.3.1. PREPARATION OF PRE-PROCESSED MATERIALS

Pre-processing in this investigation refers to the trans-
formation of imagery into the most appropriate form for inter-
pretation, It involved the careful selection from the range
of standard pre-processed imagery produced by EROS Data Center
as well as a knowledge of other methods ﬁhich could be used

to transform the standard imagery into other formats. The

extent of the "in-house" pre-processing was purposely restricted

to simple photographic processing and relied on only basic

i ——
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visual interpretation equipment,

Due to the wide range of oplnions that have been expresscd
about the optimum combination of seale,resolution and format
of the imagery -and interpretation techniques (see Sectioné,?2)
it was decided to assess them independently and most of the
standard pre-processed imagery covering the Province was ob-
tained from EROS. Data Center, It was envisaged that this would
provide a satisfactory data base for further "in-house" pre-
processing as the evaluation of the imagery and interpretation
techniques progressed. Also, attempts were made to select
imagery from different seasons but many frames were not satis-
factory for use in this study due to excessive cloud cover.
The most useful frames were obtained from orbits on 19,20
August, 19723 17 November, 1972, 19,30 January 1975, and
29,30 November, 1975 (see Figure 5.,2)

The main type of "in-house" pre-processing was the black
and white enlargement of portions of selected bands of the
frames. These were produced in the form of opaque prints
and/or transpaxencies at various scales up to 1:100,000,

Other black and white photographic techniques e.g.
contrast printing, edge enhancement, density slicing and image
addition were not considered feasible due to cost and time
factors. Furthermore, there was little evidence to show that
interpreters had benefitted by their use in operational
surveys (see Section 4.2).

Additional pre-processing involved the preparation of
dlfferent forms of transparencies of the black and white
imagery and colour composites for use with commonly used
visual enhancement equipment which had bszen recommended by

researchers,
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TABLE 5.1 LANDSAT MSS PRODUCIS OBTAINED FROM EROS DATA
CENIER OF MURCIA PROVINCE

Black and White imagerv

JAmage Size Scale : Format
2.2 inch 1:3,369,000 Fiim positive for bands
45,6457
2,2 " 113,369,000  Film nesative for bands
4,5,6,7
7.3 ¢ 1:1,000,000 Filﬁ éositive for bands
4,5,6,7
7.3. " 1:1,000,000 P;pér'print positive for
bands 4,5,6,7
14,6 v 1:500,000 Paper print positive for
bands 4,5,6,7
29,2 " - 1:256,000 Paper print positive for

bands 4,5,6,7

Colour composite imagery

7.3 inch 1:1,000,000 Film combination of bands
4,5,7

7.3 " 1:1,000,000 Oéaque print of combin-
ation of bands 4,5,7

29.2 v 1:250,000 Opaque print of combin-

ation of bands &4,5,7
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{(see Section 4.3.4)., They included 35mm and 70mm siide
projectors, microfiche readers and microfilm readers.

The advantages of low cost and simplicity ol production
of colour composites by the Diazo process stressed by several
groups of researchers led to experimentation with different
exposure times (see Secticn 3.2.3 ). Colour composites of all
the selected frames were prepared using yellow, cyan and
magenta diazo film for bands 4,5 and 7 respectively, Standard
1:1,000,000 positive transparencies of each band were indiv-
idually placed in a vacuum frame with the appropriate film
and exposed. The film was then run through a dyeline machine
to reveal the particular colour. The three coloured films
representing bands 4,5 and 7 were super- imposed in correct
register and joined together. During the procedure it became
apparent that the major problem assoclated with the Diazo
process was the correct selection of exposure time but, once
this was determined, good quality colour composites were
produced. It was found that, after experimentation with
different products, the best results were obtained by using
Ozalid esochrome *003" polyester film base exposed to a 500
watt mercury vapour UV light in a vacuum frame for approx-
imately 20 seconds depending on the density of the LANDSAT MSS
positive transparency. The best reglstration of the super-
imposed colour films was achieved when standard LANDSAT MSS
film transparencies were used rather than producing "in-house"”
enlargements of the 1:3,369,000 standard film chips.

Supplementary data in the form of umcontrolled mosaics
of the 1956 pan-chromatic aerial photographs of the Mula

Cieza, Jumilla and Yecla 1:50,000 topographic map sheets were
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also utilised in the identification and classification of
patterns on the LANDSAT MSS imagery. One uncontrolled mosaic
of the Mula 1:50,000 topographic map sheet was prepared for
examination using 1973 aerial photographs (1:20,000) and
reductions of the previous by constructed mosaics of Cieza,
Mula, Jumilla and Yecla at approximately 1:143,000 and
1:250,006 were also_used,in the investigatiom. .

5,3.2, SELECTION OF VISUAL INTERPRETATION TECHNIQUES

The basic objective of designing a methodology based on
inexpensive and unsophisticated methods has controlled the
extent to which interpretation techniques could be used in
the preparation of the rural land use map of the Murcia
Province, Most of the conventional visual eguipment that was
reviewved in Chapter 4 was avallable for evaluation. They
included mirror stereoscopes with magnification up rto 8 times,
monocular magnifiers with varying levels of magnification,
microfiche readers, microfilm readers, overhead projectors,

35 mm and 70 mm slide projectors and light tables, The except-
ions were colour additive viewers and rear projection screens,
The different types of pre-processed imagery avallable for
assessment has been listed in Section 5.3.1,

The difficulties assoclated with evaluating the relative
interpretability of remote sensor imagery have been expressed
by various researchers and no satisfactory method has been
developed to assess them in a strictly objeétive manner
(see Section4.3.2X¥he main problem is that many factors affect
the level of interpretability especially image resolution and
scale, tonal contrast, quality of colour and the availability

and standard of interpretation equipment, Many of these aspects
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are closely inter-related and researchers have found that it
is very difficult to isolate and identify their relative
importance in the interpretation process., Consequently, the
assessment and selection of LANDSAT MSS imagery and interpret-
ation techniques in this investigation was essentiallf sub-
jective and involved the systematic application of various
combinations of imagery and equipment. One major problem was
concerned with the possibility of iﬁcorrectly rejecting a
technique due to the interpreter's initial lack of familiarity
with the images, the equipment and the region, This problem
was recognised and constantly checked by considering the
verious combinations of imagery and equipment several times
during the selection stage as well as later in the investigation.
Before the programme of assessment could commence a sat-
isfactory understanding of the surface features of the region
and their possible effects on the imagery was required, This
involved the collection and evaluation of appropriate collateral
material of the region (see Section 4.3.4.4). As no satisfactory
land use map of the region had been produced the most appropriate
alternative was to consider other maps which could be used to
compare the spectrzl responses on the imagery with the areal
distribution of other surface phenomena. The on1§ thematic maps
of the Province that were published at a suitable scale were
the potential natural vegetation, geology and solls maps (ses
Section5.2),.0f the-three, the:vegetation map.provided the -
nost, correlation.and a transparent overlay was prepared.at
map, scale, (i.e, 1,:250,000),,This was,then, placed, over the., ..
standard, 1:250,000 blagk and, white enilarsements, of, each.specr..

‘rral .hand, as well as the enlarged colour composite. and.attempts
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were made to identify various portions of the imagery in orde:
to provide bases from which further possible identification
could be made.

As a basis for the extrapolation of image identities
several other methods were used., A land use map of the Mula
1:50,000 topographic map sheet was prepared from the 1:20,000
mosaic using conventional air photo-interpretation techniques.
Information from various unpublished reports on the Mula
region provided supplementary background information during
the interpretation of the aerial photography. The broad land
use patterns on the map were then compared with the spectral
responges on the appropriate portions of the black and white and
colour LANDSAT MSS imagery. In addition, a single detailed
1:50,000 published land use map of the irrigated lands near
the city of Murcia was used to assist in the positive ident-
ification of spectral responses associated with irrigated
agriculture (Garcia-Tornel, 1971 b}. Finally, reductions of
the air photo mosaics of Mula, Cieza, Jumilla and Yecla
1:50,000 topographic map sheets at scales of approximately
1:143,000 and 1:250,000 were compared with the LANDSAT MSS
imagery as another method of identifying the land use patterns
(see Figures 5.9, 5.10,5.11,5.12).

After the period of familiarisation with the imagery,

a more detailed assessment was undertaken using the different
types of visual enhancement techniques with the full range of
pre-processed imagery, During the first stage of the assessment,
monocular magnifiers of increasing power up to 8% were used
with black and white transparencies and paper Prints of each

band enlarged to various scales,

!
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Figure 5.11 Uncontrolled photo-mosaics of Cieza and Mula
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Figure 5.11 Uncontrolled photo-mosaics of Cieza and Mula
1:50,000 topographic sheets(scale approx.l:250,000).
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With each combination an attempt was made to assess the
relative importance of the accepted elements of image inter-
pretation, i.e. size, shape, shado&. tone, texture,
patterns and site (see Section 4,3.,2)., It was found that the
image interpretation elements that aided identification were
tone, texture, site and pattern. In addition, the effects of
photographic enlargement on the resolution of the imagery
were compared with that obtained by visual optical enlargement
produced by the monocular magnifiers, For example, a black
and white paper print-enlargement of band 5 enlarged to
11250000 was compared with a 1:1,000,000 paper print or trans-
parency of the same band but enlarged by means of a 4x monocular
magnifier. The sharpest definition was obtained by using the
monocular magnifier and the 1:1,000,000 transparencies using
rear illumination from a light table,

Detailed subjective assessment of the standard colour
composite transparencies and opaque prints (see Photograph 5.7)
at a scale of 1:1,000,000 through different levels of monocular
magnification, also indicated that light transmitted through
the transparencies provided better image definition than when
reflected from opaque prints. When the 1:250,000 standard
opaque prints of the colour composites were examined it was
discovered that there was a marked decline in image resolution
and colour contrast when they were compared with the 1:1,000,000
transparencies and opaque prints, In addition, there were more
distinct differences in colour between adjacent frames of the
1:250,000 colour composite print.,

Diazo colour composite transparencies produced at a scale

of 1:1,000,000 (see Section 4.2.2.2 and Appendix VIII )
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Photograph 5.7 Reproduction of the standard colour composite
of LANDSAT MSS frame, 17 Nov., 1972. (scale
approx. 1:2,000,000),

Note : The quality of this reproduction is
poor when compared with the standard
colour composite transparency.
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were compared with the standard colour composite transparencies
of the scale and were found to compare very favourably in all
aspects of interpretation. The assessment verified the claims
that diazo colour composites offer very good alternatives to
the more expensive colour composites available from EROS

Data Center. (see Section 3.2.3). The cost differential
becomes much more pronounced if it happens to be the first
colour composite produced covering a particular frame as the
Data Center charge for the initial generation as well as the
cost of the print,

Although the identification of many different types of
land use was attempted in the early stages of the investigation
it was felt that some restrictions should be placed on the level
and type of identification that was to be attempted., The extent
to which the interpretation should be attempted should remain
within the limitations imposed by the purpose of the map and
the resolution of the imagery. It is apparent that some
investigators have been too ambitious in their interpretations
and have tried to identify objects in too much detail leading
unbalanced or " ad hoc" classification systems (see Section 4.4),
This may have been due to the interpreter's application of
the finductive" Cype of approach adopted in some land use
studies based on air photo-interpretation. In this method as
many objects as possible are identified and then grouped to-
gether to form a classification system. However, this approach
is very time-consuming and often leads to the production of
classification systems which cannot be satisfactorily compared
with others produced in adjacent regions. Also, the interpreter

may be particularly knowledgeable about certain aspects of
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the region and may tend to over-emphasise these in his class-
jfication system. This leads to difficulties if other inter-
preters become involved in the mapping at a later stage (see
Section 4.4). Also, although it is possible to identify certain
minor land use types in some cases, they should not be included
as a separate category in a classification system, as there

is no guarantee that all patches of such a land use type can
and will be identified and mapped. This means that it is
imperative to have land use categories which can be consistently
and reliably identified and mapped at the 85-90% accuracy level.
Consequently, in order to co~-ordinate the assessment of objects
on the imagery in this study, some initial guidelines were
provided by a tentative classification system which was devised
(see Section 5.3.3). Identification of specific types of crops
or trees was not attempted as this was outside the scope of

the mapping objectives and often beyond the resolution capab-
ilities of the imagery. Instead, identification of some of the
relatively broad categories of land use provided in the class-
iﬁ}gation system was undertaken, i.e, forestland, garrigue,
dryland agriculture, irrigated agriculture, reservoirs,etc,

The assessment of the imagery and interpretation equipment
involved the comparison of spectral responses on each type of
imagery with the respective areas of land use which could be
easily identified from collateral material. It was found that,
with black and white imagery and different levels of magnifi-
cation, band 5 provided the best imagery for identifying and
delineating forestland, dryland and irrigated agriculture,

As mentioned earlier the main image interpretation elements

that aided interpretation of this type of land use were tone,

E T aka N
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texture, site and pattern. Band 4 was nearly as good but bands
6 and 7 were inadequate due to the lack of tonal contrast. (see
Figures 5.13,5.14,5,15, and Appendix V ). The spectral re-
sponses recorded on the imagery that corresponded with the
known areas of garrigue were approximately the same on all
bands, The tonal and textural characteristics of garrigue
remained relatively constant and appeared as a smooth, light
grey cover which tended to make it difficult to delineate from
agricultural land in certain parts of the region. Band 7 proved
to be the best band for delineating salt lakes and reservoirs
with bands 6,5 and 4 in declining order of importance. Black
and vhite imagery from different seasons were also compared
and it was found that the utilisation of carefully selected
multi- date imagery could aid the identification and del-
ineation of the agricultural areas in particular.

In general terms, band 5 proved to be the most versatile
of the black and white imagery for this type of study. However,
the problem of extrapolating away from known areas became
difficult due to the limited tonal range and the similarity
of patterns in a number of areas. This was particularly evident
when trying to differentiate between dryland agricultufe and
garrigue and in some areas it was extremely difficult to draw
boundaries to separate them (see Figures 5.13,5,14,5.15,
and Appendix V ) This problem occassionally occurred
between forest land and garrigue especially where the spectral
responses were influenced by steep slopes,lrrigated land was

reasonably easy to identify due to the combination of tone,

*The reproduction of the LANDSAT MSS imagery in these figures
and appendices have much poorer image resolution than the
original material used in the assessment,
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Figure 5.13 Areas of Murcia Province used for comparing
the four spectral bands of LANDSAT MSS imagery
(see Figures 5,14, 5,15 and Appendix V)
Scale approx. 1:1,000,000,
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Garrigue

Forest

Irrigated area

LANDSAT MSS, Band 5, 17 November, 1972 (scale approx.
1:250,000).

Garrigue

Forest

Irrigated area

Uncontrolled photo-mosaic of Mula 1:50,000 topographic sheet
(scale approx. 1:250,000)

Figure 5.14 Comparison of LANDSAT MSS Band 5 and
photo-mosaic,
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Irrigated arez

Band 4 Band 5

Irrigated area

Band 6 Band 7

Figure 5.15 Comparison of the different spectral bands of
LANDSAT MSS imagery, 17 Nov, 1972. (scale approx.
1:1,000,000). Area A. shown on Figure 5.,13.
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pattern and site elements but problems did occur in some
areas where its dark tonal response was very similar to forest
land.

The initial examination of the standard and diazo colour
composites immediately showed that a much greater versaCility
in the interpretation of land use was possible than with any
of the forms of black and white imagery. (see Photograph 5.7
and AppendixVIiI) ?.Detection, recognition, delineation and
classification became much easier as colour, with the additional
characteristics of hue and chromas, allowed a much greater
range of tonal contrasts than the 15 grey-scale steps on the
black and white imagerv. (see Section 4.2.2.2.). Areas of irri-
gated agriculture were easy to locate due to thelr character-
istic red colour, their patterns and their site akong rivers.
Forest lands could also be identified guite easily due to
their dark brown colour, their peculiar texture and their
association with nprth—facing areas of the steep slopes of the
mountain ranges. The separation of garrigue and dryland agri-
cultural areas proved to be much eaéier than with the black
and white imagery as the use of colour tended to increase the
contrast between them as well as enhancing textural differ-
ences. Salt lakes and reservolrs became more obvious due to
their colour contrast with surrounding areas. In all cases,
extrapolation of identification away from known areas became
much easier when the colour composites were used, The effect
of different spectral responses on the imagery caused by seasonal

changes in vegetation was most pronounced in irrigated agricult-

* The reproduction of the LANDSAT MSS imagery in these figures
and appendices have much poorer image resolution than the
original material used in the assessment.



~-183-

ural land and this was used to clarify boundaries in some areas.,

Other visual enhancement techniques including image
mixing, stereoscopy were also assessed. Image mixing using two
difFferent black and white bands in the form of transparencies
or opaque prints with a stereoscope has been suggested by
several researchers as a method of improving the interpretabil-
ity of LANDSAT MSS imagery (see Section 4.3.4.2). This technique
was tested using several different combinations of bands but
it did not offer any .advantages over the monocular magnification
of colour composites and tended to produce effects which caused
misinterpretatidns in some cases, Basically, it is not a suit-
able method for an operational programme because the increased
time required to determine which combination of spectral bands
should be utilised for interpreting particular types of land
use is much longer than the time required to interpret colour
composites. However, this method could be considered as a
possible technique in the identification of land use types
in difficult areas of the imagery if other methods prove to
be unsatisfactory.

The operational use of the effect of stereoscopy was not
considered to be feasible as a major interpretation technique
in this type of study due to the small amount of side overlap
of the frames. No forward overlap could be obtained due to
the nature of the imaging system,

S1ide projectors (35 mm and 70 mm), microfiche ahd micro-
film readers and overhead projectors were also considered in
the assessment but could not be considered as viable alter-
natives to monocular magnification. Although they proved to

be useful in investigating some specific areas within the
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region, the problems of distortion and difficulties associlated
with the transference of data to base map eliminated them as
adequate interpretation techniques in any operational survey.

After consgidering the different types of commonly
available equipment and easily obtalnable imagery, the inter-
pretation techniques adopted for operational use in this
study included colour composite transparencies (standard and
diazo) at 1:1,000,000 in association with a wonocular magnifier
(approximately 4x) and a light table. Information was trans-
ferred to 1:250,000 colour composite enlargements although
paper prints of the black and white enlargements of band 5
at the same scale could be considered as a reasonable alter-
native mapping base 1f the colour composite enlargements
were unavsilable due to cost or other reasons. Alternatively,
1if no standard colour composites exist'for the region then a
combination of "in-house" produced diazo colour composites
at 1:1,000,000 and standard 1:250,000 enlargements of band 5
could be considered. Other visual enhancement techniques
including the use of 70 mm. and 35 mm. slide projectors,
microfiche readers and image mixing should only be considered
when trying to interﬁret difficult areas on the imagery.

In oxrder to aid the location of places on the enlarged
colour composite, a transparent overlay showing relevant
topographic information and the 1:50,000 topographic map
boundaries was drawn at a scale of 1:250,000. It also served
as a base map for the preliminaryvland use map and the produc-

tion of the final land use map.
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5.3.3. DEVELOPMENT OF ILAND USE CLASSIFICATION SYSTEM

‘ The problems associated with the development of a sat-
isfactory rural land use classification system for use with
small scale remote sensor imagery have been discussed, in detail
in Section 4.4. Briefly, the evolution of a satislactory
system is mainly controlled by the overall objectives of the
land use survey, the quality of the available imagery, the
final mapping scale an& regional land use chéracteristics.
In addition, other pragmatic aspects of the system must also
be considered, especially its ability to be used over a very
wide area by a number of different interpreters with imagery
acquired at different times of the year.

As mentioned in Section 4.4, general guidelines for the
establishment of the classification scheme for use in the
preparation of the rural land use map of Murcia Province have
been provided in U.S. Geological Survey Circular 671. These
guidelines include the need for the initial establishment of
a basic set of criteria which the classification should meet,
For the purpose of this study most of the criteria presented
in Circular 671 were considered relevant and are presented below
in slightly amended form:

1) the minimum level of accuracy in the interpretation
of imagery should be about 85%, The accuracy of inter-
pretation depends to a large extent upon the cap-
abilities of the size of sample used To determine the
accuracy level of the interpretation. This latter

aspect has generally been neglected by researchers

(see Section 4,5.2.2.).
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3)

&)
5)

6)

7)

8)

-186-

the accuracy of interpretation for the different
categories should be approximately the same level.
similar levels of accuracy should be obtained by
different interpreters with imagery acquired at
different times through the vear.

the scheme should be useable over large areas.

the categorisation should permit vegetation and
other types of land cover to be used as surrogates
for activity.

the categories should be capable of further sub-
categorisation sc that information from other sources
including larger scale imagery can be ilncorporated,
categories must be capable of collapsing into the
next broader level.

the system should permit the comparison of land use
information that has been compiled in the past or

may be collected in the future.

On the basis of these criteria and the classification

system outlined in Circular 671 as well as information obtained

from collateral material , a prelimlnary classification scheme

was devised for Murcia Province, The major zim of this initial

scheme was to provide a framework which was as broad as possible

and would cover all the possible types of land use within the

Province that could be mapped within the limitations imposed

by the prescribed criteria, the imagery and the mapping con-

straints, At this stage, the classification svystem was not

intended to be fimal but was designed so that it contained all

possible categories which might be encountered in the inter-

pretaticn process.
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The hierachical nature of the U,8.G.S. Circular 671
system with various levels of classification for use with
different types of imagery was accepted as an appropriate organ-
isational structure that would satisfy the adopted criteria, .
Hence, the only Level 1 categories that were relevant in Murcia
Provinece were Urban and Bullt-up Land, Agricultural Land,
Forestland, Rangeland, Water and Barren Land and all their sub-
categories at Level 2 were then closely examined with regard
to their applicability within the Province (see Tables 3.1
and 3.2 ).

A large number of factors controlled the inclusion of
Level 2 sub-categories within the land use classification system
for Murcia Province, Possibly the most 1imiting aspect concerned
the minimum size of each category or sub-category that can be
effectively shown on the published map. Various researchers
have suggested that the minimum size should be 2.5 hectares
(approximately 6 acres) which can be represented by a square
of 2 mm. by 2 mm. on a map produced at a scale of 1:250,000
(see Section 4,5,2.,4.) Consequently, the sub-categories have
been designed with this areal control ih mind.

Another problem in the selection and description of sub-
categories was caused by the use of different names for the
same types of vegetal cover., For example, the terms "matorral"
and "garrigue" have been used interchangeably to describe
similar types of vegetation by various authors. This aspect
has been discussed in detail in Section 5.2 where garrigue
was accepted as the common term for most of this type of veg-
etation within the Province. However, an allowance was made

for the possibility of matorral being found during the field
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check by including it as a sub-caCegory at Level 2.

Also, in many ol the irrigated areas near the larger
towns, intensive inter-cropping is practised with a wide
variety of créps in small fields and this complexity of vegetal
cover was initially included as the category of "Orchards,
Groves, Vineyards, Horticulture", The underlying assumption
during interpretation was that this categorvy applied to perm-
anently irrigated areas, i.e. the category was synonymous
with the Spanish term "regadio",

A similar difficulty occurred when attempting to define
an adequate title for a sub—éategorv that would describe the
vegetal cover of the very extensive areas of dryvland agriculture
in the Province{ These areas have been predominantly devoted
to cereal production but certzin scattered areas of wun-~irri-
gated orchards and a large area of vineyards in the North of
the Province. The sub-categorv of "cropland and pasture" was
adopted initially with the knowledge that it could possibly be
changed. The most appropriate alternative description was the
Spanish term "secano" which has been used in a variety of forms.

Further sub-division was provided by Levels 3 and 4
which were added to the classification system and consisted
of sub-categories which permitted the more accurate field
identification of land use features that could not be ident-
ified on the LANDSAT MSS imagery., This informationr served
several purposes including the provision of more detailed in-
formation that could assist in devising the most suitable des-
criptions for the varlous mappable land use categories, In

addition, the information gained at these levels could provide
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information that could assist in determining reasons for
ﬁis;interpretation. This latter aspect has been considered
in more detail in Ssction 4.4.

Finaliy, each category and sub-category was numbered
50 that a Yshort-hand" description of the land use type
could be used during image interpretation (see Appendix I11).

5.3.4, PRODUCTION OF PRELTMINARY MAP.

The interpretation of the rural land use of Murcia Province
was mainly undertaken using‘1=1,000,000 colour composite
transparencies (standard and diazo) and 1:250,000 standard
opaque enlargements of the appropriate LANDSAT 1 frames with
the assistance of a 4x monocular magnifier,4& series of extra-
polations were carried out from known areas using a variety
of techmiques including the use of transparent overlays of
the 1:250,000 vegetation and topographic base maps, generalised
1:50,000 topographic maps znd mosales, Colour was used as the
main interpretation element in the detectlon, recognition
and delineation of the variousrhomogeneaﬁs regions which were
categorised using the previocusly devised classification system.
Other interpretation elements were utilised in varying degrees
depending on the_type of land use being identifled. The extent
to which these are applicable.to various land use categories
has been discussed in Section 5.3;2.

The area of the smallest, mappable area was taken as
being 25 hectares (approximétely 62 acres)which represents
a square 500 m, by 500 m. on the ground or Z mm. by 2 mm,
on the map. In practical terms, however, there were a number
of areas which were greater than 25 hectares in area but

were very elongated in one directiontand very narrow in
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cross-section. This cccasicnally occurred with thin strips

-of irrigated orchards along river valleys in areas that were
pre~-dominantly devoted to non-irrigated cereals. In rthese cases,
the problem involved a decision about whether to include the
area and over-exaggerate its width or to amit it. At a scale

of 1:250,000 a boundary line of 0,3 mm, represents 75 metres

on the ground i.e, approximately one pixel Qidep Therefore,

if two boundary lines and some reasonable width was given to
the land use strip on the map then it could be in the order

of 1-2 mm., wide which would represent 250-500 metres on the
ground which is often consliderably wider than the ground width.
Consequently, strips of land use needed to be 250 metres or
wider in order to be included in the map at thelr true width.
In some cases, especially irrigated areas, scme patches smaller
than 25 hectares wers ldentified very easily due to thelr
characteristic colour and were included on the map.

Boundaries and appropriate classificatien numbers were
drawn on the 1:250,000 opaque colour composite prints after
identification on the 1:1,000,000 colour transparencies viewed
through the monocular magnifier. The problem of locating the
relevant position being investigated on both sets of imagery
was overcome by using transparent overlays with graticules
representing the 1:50,000 topographic maps, This system was
also used in a checking procedure to ensure that the mappable
land use in all areas had been delineated, identified and
classified. In several areas where boundaries were difficult
to define collateral material was consulted and, if it still
could not be delineated it was left as a broken line so that

more positive identification could be carried out in the field.
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Thus, the major diff;culties'included the differentiation
of several categories in certain areas e.g. garrigue and
secano, forest and garrigue, and the decislon about which
small patches of 1and use should be included on the map. These
problems were extended further in certain areas due to the
inconsistency in colour and definition between the various
opaque enlargements of the various frames used in the inter-
pretation,

The preliminary land use map was prepared by tracing the
boundaries and classifications onto a specially prepared
1:250,000 base map. This base map contained most of the topo-
graphic information that would provide an adequate background
for the land use categorles as well as providing a satisfactory
data base when field checking the interpretations. Then, the
preliminary map was coloured in order to differentiate the
Tand use regions and to give a clearer indication of the areal
distribution of the various types of land use, The colours
selected for the various categories wereé similar to those
suggested by Paludin (1973) for use wit£ LANDSAT MSS imagery.
It also served as a check to determine whether boundaries
or classifications had been omitted. Another check was carried
out using transparent overlays of the vegetatiom and soils

maps of the Province.
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TABLE 5.2. Colours suggested by Paludin (1973) for use

01
0z
03
04
05
06
07
08
09

with U.S5.G.S. Cireular 671 Land Use Classification

System, (from Peterson, 1975)

Level 1

Urban and Built-up Land
Agricultural Land
Rangeland

Forestland

Water

Nonforested Wetland
Barrenland

Tundra

Permanent Snow and Icefields

tr ey

Colour Red
Light Brown
Orange
Green
Light Blue
Dark Blue
Yellow
Grey

White
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5.3.5. ESTABLISHMENT OF GROUND TRUTH

5.3.5.1. GENERAL_

The difficulties associated with the establishment of a
satisfactory ground truth procedure in which the results of
the interpretation can be checked in the field have been dis-
cussed in Section 4.5, Essentially, the problems can be resclved
into the main areas of sampling design, ground data collection,

field survey procedure, and analysis of data.

5.3.5.2, SAMPLING DESIGN

The szmpling design developed for use in this investigation
involved the uée of a stratified - -random sampling strategy in
which the land use categories were adopted as the basic method
of stratification, Then the pre-determined sample prints were
randomly distributed within each stratum (see Section 4.,5.2.2.).
This was achieved by placing a large sheet of millimetre graph
paper under the base map and using a random number table to
generate the co-ordinates of the sample sites., By using the
millimetre divisions , the graph paper provided appréximately
30,000 possible sample sites representing the centres of sguares
with 250 metre sides. The graph paper was positioned so that
the grid references of sites could eventually Ee_transferfed
to the co-ordinate system used on the 1:50,000 and 1:200,000
topographic maps of the Province by means of corresponding
known points, This was carried out so that the selected sample
polnts could be éccurately located in thé field using the
published 1:50,000 or 1:200,000 topographic maps.

The number of sites for each category was determined by
considering the interpretgtion acéuracy level prescribed in

the criteria for adopting the classification system, viz 85%
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and then consulting Tables 4.10 and 4.11. It was decided that
the minimum number .0of sample sites for each main.category
should be at least forty. This would permit an interpretation
error level of two (see Table 4,11) and allow for the possible
exclusion of several sites due to difficulties in reaching .
them or possible mis-plotting. In addition, the first hundred
sample points were maintained in order to cbtain an approx-
imate indication of the distribution of the categories and
for the consideration of possible trends when the field work
was completed, When these points bhad been recorded, categories
which had reached the limit of forty were ignored, Although
this method removed much of the subjectivity involved in the
allocation of sample %ites to each category, it did entail
the generation of a large number of co-ordinates which had
to be plotted in order to determine the categories in which
they fell (see Appendix VI )..Afrer plotting 300 points,
one category, viz 3.1. (forestland) still had not received
the nominal 40 sample sites (see Table 5,3).In fact, only

15 sites had been generated for this category and to avoid
continuing the sampling process for a long period it was
resolved that this number of points would be accepted on the
understanding that the probability of making incorrect inter-
pretations at the 85% accuracy level would be high. (see
Table 4.11). Alternatively, the specified interpretation
accuracy level for this category could be reduced., An indic-
ation of the level te which the specified interpretation
accuracy level should be reduced can be obtained by consider-
ing Table 4,10. For example, if a sample size of 15 is used

then the interpretation accuracy level should be 80% with no
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errors to be within the normally accepted 5% probability
level.

In the next step, all selected sample sites were plotted
onto available 1:50,000 or 1;200,000 topographic map sheets
ready foxr field work.

5.3.5.3. GROQUND DATA COLLECTION

In order to verify the accuracy Tevel of the lnterpreta-
tion of the LANDSAT MSS imagery and to identify possible
reasons for misinterpretation, the selection of appropriate
ground data was considered an essential stage in the production
of the land use map. The necessary information had to be in
a form that could be collected rapidly and did not involve
complicated and time-consuming techniques, Consequently, a
ground data collection sheet was designed so that as much
relevant information as possible could be collected rapidiy
at each gsite in a manner that would facilitate subsequent
data analysis,

The ground data collection sheets were divided into the
four hierachical levels outlined in U,S.G.,S, Circular 671,
Detalls about the first two levels i,e. 1e§e13 1 and 2, which
were designed for use with imagery obtained from satellites
or high altitude air craft, have been discussed, in the previous
section (Section 5,3.5.1 ). But, basically, their roles on
the sheets were to record the identification of the broad-scale
land use at a site. The other two levels, i.e., Levels 3 and 4,
permitted the identification and recording of land use
characteristics that would normally be obtained by large scale
aerial photography or figld surveys. {see AppendixIII ).

As stated previously, the aim of this initial classif-
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ication system was to provide as many different categories as
possible at each level, and this aspect has been reflected in
the ground data coilection sheets, This is particularly evident
at Level 4 where many specific Lypes of vegetation were listed
so that the recording of the vegetation and its areal dis-
tribution at a site could be recoréed quickly. A1l categories
and sub-categories were numbered so that a brief numerical
coding system could be used to identify the type of land use
at a particular point, if reguired.

Details about other factors that could influence the spec-
tral nature of the imagery were also collected on the data
collection sheet. These factors included the amount of slope,
the slope form, height and spatial distribution of the plants
as well as surface colour and roughness. Also, as the imagery
had been recorded at different times of the year to the field-
work phase provision was made for comments about other aspects
that could influence the land use at a particular site. Ground
level photographs were taken at many sites, especially those
located in positions near the boundaries of categories which
caused interpretation difficulties. -

Provision~ was also made for the adequate identification
of each site by including site number, site random number,
site co-ord{nate, topographic map sheet name and number, and
date of visit. (see Appendix IIIS.
5.3.5.4., FIELD PROCEDURE

The ground data collection was carried out in Murcia
Province during a four week period in late March and early
April. It involved the development of an overall systematic

rlan so that all the selected sites could be visited and doubt-
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ful areas checked within a minimum time period.

In order to reduce excessive travelling each day, the
Province was divided into a number of rcgions. each surrounding a
large town or city which served as a base for. several days until
all sites in the surrounding areas were visited. Dalily routes
were planned so that views from selected vantage points could
provide additional checks on the interpretation. Other checks
of boundaries and classification were made whilst travelling
from one site to the next, Any qﬁeries were noted on the pre-
liminary map for later verification,

Details of the land use within a 250 metre square in which
the actual plotted position of the site was considered to be
the centre were noted on a data collection sheet. The reasons
for the selection of a 250 metre square as the appropriate size
of a sample site have been discusse& in Section 4.5.2.4. The
identification of the land use classification allocated to the
site was accepted as being correct if more than 50% of the
site was covered by that type of land use. However, if uncert-
ainty existed over the classification or, if it was incorrect
then detailed notes and photographs of the site and surrounding
area were taken for further conéideration during the analysis
of results and the production of the final map.

Several sites could not be reached dus to bad weather
conditions, bad tracks and a prohibited military area (see
Table 5.4,). However, problems of this nature had been anti-
cipated in the original selection of the sample size, Several
sites with difficult access were accurately located and ident-

ified from a distance.
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Table 5.3: Number of sites selected using random tables
1 2.1 2.2 3.1 4,2 5.1 5.2 | 6.1
2 50 40 15 42 1 - -
Total 150
Table 5.4: Sites excluded from sample

Reason for exclusion

Site number Interpreted
Classification

85 2,1 Prohibited property could
not gain view of site

113 3.1 Site could not be reached
due to torrential rainful.
Tracks impassable for
several days

254 3.1 Site difficult to reach.
Remote area-very sandy
roads~car bogged

268" 4,2 ‘Point misplotted-could

not re~locate
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5,3.5.5. CONSIDERATION OF RESULTS

The ground data collection sheets were examined and sev-
eral sites were excluded from the sample due to inaccessibility
or misplotting (see Table 5.4). Then the sheets for the sites
which were in-correctly interpreted were also examined and
comments aboﬁt possible reasons for mis-interpretation were
listed (see Table 5,5). On-site photographs were used as addi-
tional data sources for isolating reasons for the incorrect
interpretations, The predominant reason for mis-~classification
was that the sites were situated in a small area.of a part-
icular category which was located in a much larger area of
another category. In these cases the size of the small patch
was not large enough to meet the smallest mappable area re-
quirements, One site was located in an area which was affected
by very small patches of cloud and their shadows which pro-
duced unusual image responses on a small portion of one frame
and made interpretation difficult,

Using the conventional techmique of considering the num-
ber of correctly ldentified sites as a percentage of the total
nunber of sites interpreted as a guide to the accuracy level
of interpretation, then all major categories were interpreted
at greater than 95% accuracy (S_ee Table 5.6 ). However, this
technique for establishing the interpretation accuracy level
of surveys using remote sensor data and random sampling has
not been accepted as a valid method in this study. Detailed
reasons for its rejection and a descriétion of the technique
used in this study have been presented in Section 4.5.2.2
and the reéults of the ground truth survey will be discussed

in the context of the new sampling procedure.



TABLE 5.3 Sample sites incorrectly interpreted

Site number

1:50,000 map sheet

Interpreted
classificat-
ion

Field identifecation

Comments

CEHEGIN

4.2

2,1

Site located in one of
several comparatively
small 2,1 areas located
within a large area of 4,2

47

MAZARRON

2,1

4.2

Area around site covered
by patches of cloud and
shadow making identifica-
tion difficult

49

CIEZA

Z.1

2.1

Site located in a large
area of 2,1,0ther patches
of 2.2 and 4,2 in area

but teoo small to be mapped

75

CARAVACA

4.2

" 3.1

Site located in large area
of 4,2. Comparatively small
patches of 3,1 in area.
Also, pines thinly spaced
and, therefore, easily mis-
interpreted as 4,2

138

ALCANTARILIA -

4,2

3.1

Patch of 3.1 too small to
map, In a large area of 4.2

=i\ 7 -



TABLE 5.6,

']

Summary of results

2,2

Land use classification 1 2.1 3,1 4,2 5.1 5.2 6.1
Initial sanple size 2 | 50 40 is | 42 1 - -
Sites excluded - 1 - :2‘ 1 - - -
Number of sites invest- 2 49 40 13 41 1 - -
igated . :
Incorrect intérprgtations - .2 - - 3 = - -
-Interprétation=acduraqyi | ' . -

100 96 100 100 g5 100 - -

" expressed as a percentage

-10¢-



-202-

As no errors were made in the identification cof the 2.2
category i,e. orchards, groves, vineyvards and horticultgre,
the interpretation accuracy level of 85% could be accepted at
the 5% probability level.(see Tables 5,5, 5.6). Also, it can
be seen that the number of incorrect interpretations made in
catégories 2.1 and 4.2 were 2 and 3 respectively. If these
errors are considered in association with the prescribed
interpretation accuracy level, i.e. 85%, then category 2.1
(cropland and pasture) with 49 sites investigated and 2 inter-
pretation errors is well below the 5% probalility level
(Tables 4.10, 4.11).

The 4.2 category (garrigue) with 41 sample sites and 3
interpretation erroxrs is above the 5% probability level
(approximately 8%), However, if the interpretation error caused
by the shadow (Table 5.5) then the 85% interpretation accuracy
level of the 4.2 category could be accepted at the 5% prob-
ability level.

Although no interpretation errors were found in the 3.1
category (forestland), the number of sample sites i.,e. 13
was comparatively low and,cénsequently, the probability of
making incorrect interpretations was relatively high at the
prescribed 853% interpretation accuracy level (i.e. over 10%).
Therefore the accuracy of the interpretation of the forestland
could not be treated with the same. confidence as the other
categories, However,if the:required interpretation accuracy
level was reduced to 80% then the results could be accepted
at the 5% probability levél,

In summary, three out of the four categories that were

field tested by the sampling Strategv i.e, 2,1, 2.2 and 4,2
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Table 5.7 MATRIX SHOWING NUMBERS OF SITES IN ACTUAL

AND INTERPRETED- LAND USE_CATEGORIES

LAND USE (on the ground)

2.1 2.2 3.1 4,2 | Sum

Lawp usg | 2.1 | 47 S I 49

(Interpret=~ 2.2 B 40 . - 40
‘;‘gaggg% 3.1 - - 13 - 13
4.2 1 - 2 38 41

Sum | 48 41 1 15 39 143
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could be.accepted at or near the 5% probability level using
the pre-scribed 85% accuracy level, However, due to the com-
bination of the small sample size and the pre-scribed 85%
interpretation accuracy level, the 3,1 category could not be
accepted at the 5% probability level even though no inter-
pretation errours were recvorded, Consequently, the results

can be considered in two ways. Either the categories could be
considered separately and, in this case, three of the four
.categories meet the accepted interpretation accuracy level

at the 5% probability level and that the interpretation
accuracy of the forest lands should not be treated with the
same confidence, Alternatively, all categories could be accepted
at the 5% probability level if the prescribed interpretation
accuracy level was reduced to 80%, The first alternative was
accepted for this study.

Finally, the low mumber and distribution of interpret-
ation-errors obtained in this study did not provide enocugh
data to permit a valid statistical consideration of the types
of interpretation problems outlined in Section 4.5.2.2.

5.3.6 FINAL MAP

Oncerthe accuracy level,of the interpretation had been
verified and the land use classification had been accepted in
general terms, the completion of the final map commenced. The
first stage involved the checking of comments noted during the
traversing as well as additional remarks obtained at sample
sites. Some minor changes were made after reviewing the imagery.

Then, modification of the classification system was under-
taken and the initial broad scope used in The data collection

sheets was reduced so that only categories of mappable size
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were included, The land use classification system adopted on
the final map consisted of six Level 1 categories, viz,

Urban and Built-up Land,Agricultural Land, Forestland, Range-
land, Water and Barren Land, Of these, only three had more
than one Level 2 categories (see Appendix VII).

Urban and Built-up Land, originally designated "Developed"
was sub-divided into *Cities, Towns' and ‘Tourist Development'.
The latter category was designed to- distinguish the recent
and rapid development at La Ménga Mar Menor from the other
built-up areas in the Province, The 'Agricultural' category
was initially divided into three sub-categories in the pre-
liminary system and followed the U.5.G.S. Circular 671 system
by using ‘Cropland and Pasture' and Orchards, Groves, Vine-
yards and HorticulEure'. The other sub-category designated
tother' was included to pefmit the recording of other types
of agricultural land use if they existed in mappable dimen-
sions, In the firnal cléssification, the Spanish word 'secano’
was adopted as the most appropriate term to describe the veg-
etation cover of those areas of the_Province that are pre-
dominantly devoted to non-irrigated agriculture. The crops
are mainly cereals with scattered areas of olives and almonds
as well as a large area of vinefards in the north. In addition,
the Spanish word 'regadio' was used instead of 'Orchafds,
Groves, Vineyards, Horticulture' to describe the vegetation
cover of the crops that are grown in areas served by permanent
irrigation systems, The crops are predominantly fruit trees
and vegetables and, in some areas, cereals. The 'Water!' category
also followed the U.5.G.S. Circular 671 sub-categorisation and

incorporated the use of 'Lakes' and 'Reservoir' at Level 2,
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This structure was maintained in the final classification.

In the 'Rangeland' category the only sub-category that
was represented in mappable dimensions was 'garrigue'
shorter, Meditteransan type scrub community {c.f. maquis).
Also, within the 'Forestland' category only one sub-category
was mapped at Level 2, viz. evergreen forests which pre-
dominantly consisted of several species of Pinus and, conse-
quently 'coniferous' was adopted as the most appropriate
descriptive term, Finally, the term 'Salt Flats' was accepted
as the only sub-category of 'Barren Land' that existed in
mappable size within the Province.

The numerical coding of all the accepted categories was
then finalised and it was essentially based on the hierachical
structure of the U,S.G.S, Circular 671 {(see Appendix VII ).

The colour scheme for use with LANDSAT MSS imagery that
was suggested by Paluden (1973) and reported by Peterson (1975)
was used as a gulde for the selection of colours for the cat-
egories and sub-categories portrayed on the final map., (see
Table 5.2 ). Finally, the normally accepted symbols for addit-
ional locational features e.g. roads, railways, rivers were
added to the map and the other normal cartographic procedures

including overall layout design were completed (see Appendix VII).
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6, DETATLED METHODOLOGY FOR THE PRODUCTION OF SMATL SCALE

LAND USE MAPS FROM LANDSAT MSS IMAGERY

6.1. INIRODUCTION

The major aim of this investigation has been to develop
a viable methodology that may be adopted by researchers or
prganisations wishing to utilise LANDSAT MSS imagery to pro-
duce small scale rural land use maps. As mentioned previously,
one of the main problems confronting the researcher in this
type of study is the very wide range of articles dealing with
various aspects of the application of LANDSAT MSS imagery in
land use mapping. However, most aurhors have tended to concen-
trate on certaln specific‘aspects rather than presenting des-
criptions of all stages involved in the production of the maps.
Consequently, this methodology has been devised after review-
ing and evaluating relativély in-expensive and unsophisticated
pre-processing, interpretation, classification and ground truth
methods in the operational production of a xrural land use map
of Murcia Province, South East Spain.

The methodology has been divided into two stages, viz.
pre-operational and operational. Basicélly, the pre-operational
stage involves the careful selection of the appropriate inter-
pretation techniques and imggery that may be used in the oper-
ational stage where the actual land use map is produced. All
aspects of both stages are considered to be particularly rel-
evant and to achieve optimum results in the final map, adequate
attention mast be paid to the plamming, selection and prepar-
ation of imagery and techniques before the interpretation pro-
cess commences,

In order to assist the detailed explanation of the pro-

posed methodology, a diagrammetrie representation of the whole



208

MAPPING SCAL
AND
SPECIFICATLO

i

PURPOSE STATEMENT -
OF
OF MAFP OBJECTIVES -

iNITIAL PRE-! 2
PROCESSING

PLANNING

PRE-

!

PRELIMINARY
INTERPRETATION

$

OPERATIONAL

DEVELOPMENT
F RURAL LAND
USE CLASSIFICA
TION 5YSTEM

p oW

STAGE PREPARATION

o

LELEEVETNLILULIL OO T TRLITEILIRL LU A ELL N RLILIET CLE LU LIV DR LD LI T TR

FURTHER PRE-
PROGCESSING
¥

152}

SELECTION OF
QOPERATIONAL
TEGHNIQUES

AND IMAGERY

PRELIMINARY
DETAILED RURAL LAND jsrcar . 7
INTERPRETATIO USE MAP N

ESTABLISHMENT
OF GRQUND
TRUTH

¥
o

ﬁﬁi!ii%

¥

pmntbidenigpon

OPERATIONAL

CORRECTION OQF
PRELIMINARY
LAND USE
MAP
STAGE ¥

FINAL
MAP

L7 S A
o

L

m‘r/ﬂ

Feport printing

APFLIGATION

EEENNSEENN Froposed route  HINMIBNMINA Alternative route(s)  APVZFl% Alternative route ib)

Fig 6,1 DIAGHAMMATIC REPRESENTATION OF A PROPOSED METHODOLOGY FOR THE PRODUCTION OF
SMALL-SCALE RURAL LAND USE MAPS FROM LANDSAT MSS IMAGERY

NE THE METHOD ADOPTED iN THE PRODUCTION OF THE LAND USE MAP OF MURCIA PROVINCE
WAS VERY SIMILAR TO THE PROPOSED ROUTE SHOWN N THIS DIAGRAM




-209-

procedure has been devised. Each main step has been numbered
énd further explanations aﬁd expanded diagrams have been pres-
ented {see Figure 6,1). Various alternatives are listed in
several of these steps and it is possible for.an investigator
to select from these suggestions or he may a&ﬁpt the recommended
approval if he wishes.

The recomﬁended route through the different steps in
both the pre-operational ‘and operational stages has been shown
as a solld black line and several alternative routes have also
been shown tsee Figure 6.1). One of thése_routes (i.e. Routea )
links the preliminary map and the final map and indicates the
type of method adopted by some investigators who, for various
reasons, do not check the accuracy of their interpretation in
the field. Usually, they tend to adopt the preliminary map
as the final map after making modifications. The other alter-
native route (i,e, Routeb.) indicates the possible choices
available to an investigator if the results of field work
suggest that the accuracy of image‘in;erpretat;dﬁ is not
sufficient to justify the completion of the final map. The
choices range from a re-interpretation of the imagery to an
investigation of the purpose.and.objeétives of the whole
mapping operation,

6.2, PRE-OPERATIONAL STAGE

6.2,1, PLANNING

This initial phase of the methodology has been divided
into two main steps which establish the.bésis for the whole
mapping operation. The first step entails the detailed clarif-
ication of the purpose of the map and a statement of objectives

that need to be fulfilled in order to produce the desired map.
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These, in turn, influence decisions that must be made about

the most appropriate scale‘and‘detaiied speéifications of the
final map. The framing of the objeétives and the final mapping
scale and specifications requires a careful consideration of
possible imagery, base maps and other reference material,
Once the objectives have been defined, standard pre-processed
LANDSAT MSS imagery cmntheﬁ be selected aﬁd purchased from
EROS Data Center or any authorised organisation, However,
this step can provide difficulties for investigators unfamiliar
with the different types of LANDSAT MSS imagery as it can be
obtained at fou£ different scales, in four different black
and white positive or negétive spectral bands and in trans-
parency or -paper print fofmat. In addition, colour composites
are available as transparencies or opaque prints at various
scales (see Figure 6.3), Obviously, this wide choice could
lead to much unwarranted expense if guidance is unobtainable
as imagery fopr each spectral band is-not reqﬁ;red in rural
iand use investigations.(seefSectioﬁ 4.,3.3.). In additien,
imagery should be éelected so that the seasonal variations

in vegetation cover can be utilised in.the accura?e delinea-
tion and identificatioﬁ of landuse boundaries and categories
(see Section 4.3.6).

The recommended standard bre-propessed imagery .of each
LANDSAT MSS frame for rural 1anq‘uée mapping consists of one
1:1,000,QQO false colour composite traﬁépa:engv, if available,
or one each 1:1,000,000 black and white positive ﬁransparencies
of bands 4,5 and 7 for produéing.colou;;composites by the
diazo process, In addition, one 1:250.bOO coiour'composite

print or,if unavéilable;ﬁone 1:250,000- paper print of band 5.
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6.2.2, PREPARATION

This phase involves the procedures necessary to provide
a satisfactory base fbr the detailed interpretation of the
land use in the operational stage of mapﬁing. The first step
necessitates a preliminaiv interpretation of the purchased
standard imagery in order to establish whether the imagery
is appropriate for the task in that form or whether further
"in-house" pre-processing is reguired, (Step 2, Figure 6,3).
The quality of interpretation is not only affected by the
quality and seasonality of the imagery but it is also a function
of the interpreter's reference level, the collateral material
available and the visual optical enhancement techniques that
can be emploved. Details of these aspects have been presented
in Section 4.3.1 and they are summarised in Figure 6.4,
Adequate care should be taken to ensure that the intefpreter
spends sufficient time in becoming familiar with the nature
of the MSS imagery and the spectral responses of the rggion
as the level of interpretation skill at this stage terds to
influence the framing of the land use classification scheme,
the selection of visual entiancement equipmgnt and ﬁhe tfpe
and amount of additional pre-processiﬁg. The familiarisétion
with the imagery should be achieved by consi&ering relevant
collateral data about the region as well &s the.methodé used
in acquiring and processing the LANDSAT MSS aata._

Once the interpreter becomes accustomed Fo the imagery,
a preliminary land use classification scheme can be -evolved
which should be as broad as possible within the limitations
imposed by the final mapging scale,’ the image scale and resol-

ution and the spectral responses of the vegetation cover
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(see Figure 6.5). In addition, it involves the integration of
relevant collateral material, the interpreter's reference level
and guidelines from other similar land use classifjcation
systems, especially the system outlined in the U,S, Geological
Survey Circular 671, However, before the system is produced

a setr of criteria should be established which define the
conditions which the system should meet, These criteria
should reflect the scope of the mapping dbjectives and they
should provide adequate guidelines for the development of

a satisfactory classification system that will be appropriate
for the region. Probably the most guidance with regard to the
framing of criteria and designing of the structure of a land
use classification system for use with LANDSAT MSS imagery
can be obtained from U.S. Geological Survey Circular 671,

This system basically consists of two levels of classification
and both levels are based on a description of the land use
which is expressed in terms of vegetation cover rather than
an activity-oriented classification. Level 1 contains cat-
egories which express broader types of land use and it is
more directly applicable for use with small scale orbital
imagery. Levéi 2 categories are more detailed sub-classifi-
cations of Level 1 categories and they are designed for use
with larger scale orbital and high altitude iﬁagery. Further
details about this system are provided in Section 4.4 andr
Tables 3.1 énd 3.2,

As a result of the,éssessment of the imagery during the
preliminary interpretation step and the development of the
initjial classificétion system, any further pre-processing
that can assist in the operational interpretation should be

undertaken, Essentially, this involves photographic enhancement
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of the standard LANDSAT MSS imagery and available aerial photo-
‘sraphy, especially enlargements and/or the use of the diazo
process to produce colour composites (see Figure 6.6). In
addition, some other pre-processing to produce imagery in 35 mm,
or 70 mm., slide formats for certaln parts of the region may

be carried out,

After considering all avalilable techniques and imagery,
those most appropriate for use in the operational stage of the
map production may then be selected. The approach that was
adopted in the production of the land use map.of Murcia
Province and the one that is recommended for future use in
operational rural land use surveys utilising LANDSAT MSS
imagery is outlined in Fipure 6.7 Essentially, it is a com-
bination of monocular magnification and 1:1,000,000 colour
composite transparencies for detailed viewing in the inter-
pretation process with 1:250,000 prints for plotting boundaries.
However, severai choices of imagery are available, Instead of
the expensive standard colour composites, diazo colour prints
of bands 4,5 and 7 of each frame can be.made from the black
and white positives and super-imposed to produce satisfactory
colour composites (see Section 4,2.2,2.). Also, an enlarged
black and white positive print of band 5 at 1:250,000 could
be used as an alternative to the standard opsque print of the
colour composite at 1:250,000. In addition, other supplement-
ary materials and equipment that mavy be used to assist inter-
pretation include air photo mosaics at various scales, slides
of portions of selected areas of LANDSAT MSS imagery for

viewing with 35 mm. or 70 mm, projectors and relevant reports.
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6.3, OPERATIONAL STAGE

6.3.1. DETAILED INTERPRETATION AND PRODUCTTON OF PRET.TMINARY

RURAI, LAND USE MAP (Step 7).

The first major step in the operational stage consists of
the detalled Interpretation of the selected LANDSAT MSS imagery
annd the production of’ the preliminary rural land use map. In
the detailed interpretation, colour is used as the main image
interpretation element in the detection, recognition, delineation
and classification of the different land use categories. The
other interpretation elements e.g. shape, size, texture, site,
etc, are all used to varving degrees depending on the type of
land use being investigated. Again, the potential accuracy level
depends on the interpreter's reference level with regard to
his training in image interpretation, his knowledge of the
region, his background knowledge of specific related subjects
and his familiarity with the spectral characteristics of the
TANDSAT MSS imagery. Colour composite transparencies of each
frame at a scale of 1:1,000,000 (either standard or diazo)
with rear illumination from a light table are initially viewed
uhder monocular magnification to detect areas of similar colour,
Then, when familiar with the colour and resolution character-
istics, areas of similar land use are identified by extrapol-
ating away from the colours of areas of known land use, These
areas can be identified from various sources including rele-
vant reports, topographic and thematic maps of parts of the
region and air-photo Iinterpretation of available aerial photo-
graphs or mosaics, The location of the similar areas can be
facilitated by the use of a spscially prepared transparent

base map containing selected topographic data at a scale of

1:250, 000,
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Further enhancement to aid the interpretation of difficult
areas can be gchieved by other optical enhancement techniques
especially slide projectors, microfiche and micro-film readers
which may be used to enlarge optically imapgery of certain por-
tions of the reéion that require further investigation. Also,
the spectral. responses recorded on imagery acquired during
different seasons (multi-date imagery) should be viewed as

an additional ald in clarifying boundaries and categories,

An adequate method should be devised to ensure that all
areas of land use having areas greater than 23 hectares or
larger have to be delineated and classified on the map. One
satisfactory method utilises the grid pattern of the 1:50,000
topographic mapping svste@{plotted onto a transparent overlay
to provide a systematic framework for identifying areas on
the map and on the imagery.

Once the interﬁretation has been completed the boundariles
and categories can be transferred to the transparent base map
from the 1:250,000 colour composite print or black and white
enlargement of band 5, In this case, the recommended base
map scale should be the same as the print containing the inter-
preted data, i.e. 1:250,000 and it should contain sufficient
information to permit the location of land use boundaries
in the field.

Other aspects involved in the preparation oi the prelim-
inary land use map include the determination of the minimum
size of the area of categories that should be mapped. The gen-
erally accepted minimum size ,based on a map scale of 1:250,000,
is approximately 25 hectares (60.acresyhich represents an

area of 4 sq mm. on the map. As a consequence, areas of land
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use smaller than this size should be absorbed within the sur-
rounding category unless there are certain circumstances which
necessitate their inclusion on the map. For example, certain
areas of irrigated land may have special significance aﬁd may
be easily identified and mapped., Then, appropriate symbols and
colours for each category should be added to the map to enable
easy identification of areas in the field., Finally, the map
should be checked for omissions in the interpretation phase
and in the process of transferring data tTo the base map.

This can be achieved by first overlaylng the transparent map
onto the 1:250,000 print used in the interpretation and then
systematically checking within each graticule oan selected
grid system e.g. 1:50,000 topographic map system. .

6.3.2. ESTABLISHMENT OF GROUND TRUTH (Step 8)

The next step in the operation is one that is occassion-
ally omitted from the overall mapping procedure (see Figure 6.1),
It involves the establishment of ground truth or, in other
words, it enables the accuracy of the interpretation of the
land use from TANDSAT MSS to be assessed and, consequently,
should form an important part of the mapping operation., The
suggested method can be divided into three pafts, viz: the
sampling strategy, field data collection and the analysis of
data (see Figure 6.9).

In the sampling strategy phase, a stratified random
sampling technigue has been found to be the most appropriate
method available and stratification is achieved by using the
different categories of the land use classification system,
The number of points for each category is obtained by consult-

ing Tables 4,10,4.11 and 4,12 which indicate the appropriate
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number of sample points required for the pre-scribed inter-
pretation accuracy level, In practice, the optimum sample

size is obtained by adding several more sites to the value
derived from the tebles as certaim factors, e.g. bad weather
and prohibited access may prevent detail at certain sites

from being recorded. Random‘sampling is then carried out over
the whole area uéing co-ordinates generated from random num-
ber tables. These points are then plotted onto the preliminary
land use map which overlays millimetre graph paper. Thus, the
inter-sections of lines on this graph paper represent the
centres of 250 m. squares on the ground, When the desired
optimim mumber of pceints has been reached for a particular
category no more random points are added to the list for that
category, Ideally, random sampling continues until the opt-
imum number is reached for each category. However, in practice,
the areal distribution and coverage of some categories may

be too small to permit the generation of enough random points.
In these cases, several alternatives are open to satisfy the
need of an adequate field check, For example, the investigator
can decide to visit all the areas in that catesgory whiist field
checking other sites, Or, alternatively, he can use the number
of sites that were generated after a reasonable period of
random sampling and accept the fact that the accuracy level
for that particular category may not mest the accepted level
required for the survey, If these alternatives are not accept-
able then the classification system may have to be re-adjusted
so that these categories are sub-sumed into the next level of
the classification.

To ensure that the sample sites can be accurately located
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in the field the millimetre graph paper should be aligned
with the base map in suchAa way that the co-ordinates of known
points on appropriate topographic maps can be transposed
onto the graph paper, This permits the accurate determination
of the co-ordinates of each sample point. The co-ordinate
of each point can then be plotted onto the relevant topographic
map for use in the field. Ideally, the larger the scale of the
topographic map the easier it is to locate points in the field,
but 1:50,000 and 1:250,000 topographic maps have been used
successfully.,

Field data collection requires careful planning to make
certain that the appropriate data -are collected as rapidly
as possible and that the data will provide a satisfactory
check on the level of interpretation as well as isolating
possible reasons for mis-interpretation. This is best ackieved
in the field by using =z data collection sheet designed faor
rapid recording and easy analysis of appropriate information
(see Appendix IIT ). To ensure that the land use at each site
is recorded in a systematic manner the sheet should contain
details about the possible land use, as typified by the veget-
ation cover, at each classification level i.e, Levels 1-4
which the observer can easily identify and recoxrd. The complex-
ity of identification increases from a general description of
overall land use at Level 1 e.g. agricultural land to az de-
tailed description of the type of crop or plant species at
Level 4 e.g, peaches, Provision for the recording of other
aspects of land use, e.g. the distribution, colour and height
of the crop should also be made. In addition, detalls of the

surface characteristics, e.g. slope, colour, roughness, aspect
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should also be recorded as they may provide some guidance

in establishing reasons for in-correct interpretations.
Ground level photography of sites has been found to provide
valuable assistance in analysing site data and provision for
recbrding their }oéétion details should also be provided on
the data ccllection sheet.

In the field, daily traverses should be carefully plamned
to make sure that sites are located with minimum travelling
and the traverse should include a visit to all categories
that did not have sufficient random sites generated €.3.
reservoirs. In addition, local vantage points which can provide
overall visual checks of the mapped land use should be in-
corporated. Further checks can be carried out along the routes
between sites and any discrepancies should be noted on the
land use map. At each site, the land use over an area of
250 m. x 250 m, should be recorded on the data collection sheet
for each level of classification. For Levels 1 and 2, the land
use should cover at least 50% of the site. Comments about
unusual features evident on or near the site should also be
recorded, e.g. nev irrigation schemes, ete.

After all the sites have been visited, the data collect-
ion sheets should be analysed to determine whether the prescribed
accuracy level of the interpretation of each land use category
had been met, This can be achieved by referring back to Tables
4.,10,4,17,4.12, If the number of erxrors for a particular sample
size at 90% accuracy level is too great (Table 4.12), then
the 857 accuracy level may have to be accepted (Table 4,11).
If the errors are still too high either the accuracy 1evel

d wit
must be lowered further or the 85% level may be accep”®? TR
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the knowledge that the probablility of incorrect interpretations
is going to be higher than the normally accepted 5% probab-
ility level,

Further investigation of the data collection sheets may
permit subjective as well as statistical analyses of the types
of inferpretation errors that were made. If the accuracy level
and reasons for mis-interpretation warrant it, then a re-
assessment of the mapping operation may be requiréd. This
could possibly mean a complete review of the mapping objectives
and specifications if the results are particuiarly bad, Or,
it could mean a review at other steps in the overall method-
ology indicated by alternative.route (a) shown on Figure 6.1,

6.3.3. _CORRECTION OF PRELIMINARY RURAT. TAND USE MAP

If the accuracy of interpretation as indicated by the
ground txuth investigation is accepted as suificient, then
corrections to the preliminary map can commence, Initially,
any changes to the classification system should be carried
out,i.e, any classificarion changes indicated by the field
survey where certain categories should be collapsed due to the
low interpretation accuracy at Level 2., The final classification
system should then be devised with brief but adequate descrip-~
tions of each category and sub-category. Then, any specific
queries noted on traverses or at sample sites should be checked
on the imagery and relevant changes made to the map. This is
particularly applicable to the location of boundaries between
categories,

In order to prepare the preliminary map as a satisfactory
base for the final rural land use map, several tvpes of data

generalisation are required., For example, the amount of
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topographic information should not be as detalled as that pre-
sented on the preliminary map when it was prepa;ed for field
work. However, it should provide sufficient locational inform-
ation for the viewer. In addition, areas of certain categories
may be considered to be too small to be adequately represented
on the final map and, consequently, must be sub-suined within
the surrounding categories.

6.3.4. FINAT MAP

The production of the final map involves the presentation
of the map in its completed state ready for application in
the tasks for which it was designed. it entails the re-drawing
of the corrected and generalised data shown on.the preliminary
map and it also includes the normal cartographic procedures
of devising a satisfactorvy overall layout, the design of a
legend incorporating the classification system, and the
selection of lettering, symbols and colours. One suggestion
regarding colours suitable for land use mapping with LANDSAT
MSS imagery has been made by Paludan (1973): It is also out-
lined in Peterson (1975). The main aim of this colour scheme
has been to make land use maps prepared from this data source
as compatible as possible {see Table 5.2 ).

Once completed the final map can then be used as a final
“colour rough" for colour printing or it mav be used directly
as the base map for further investigations within the region.,
An important addition to the final map should be a report
detailing the purpose, objectives and specifications of the
map as well as possible recommendations for potential map-
users. It should also include explanations of the various pre-
processing, interpretqtion, classification and ground truth

procedures adopted during the production of the map,
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7. CONCLUSIONS

The results of this study have shown that it is feasible
to desipgn a methodology that can provide suitable_guidelines
for the operational production of small scale rural land use
maps of semi-arid developing regions from TANDSAT MSS imagery
using inexpensive and unsophisticated techniques. The suggested
methodology should provide immediate practical benefits to map-
makers attempting to produce land use maps in countries with
limited budgets and equipment. As the LANDSAT MSS imagery
system permits regular sVnoptic coverage of the Earth's surface,
it provides an ideal method for establishing a satisfactory
data base and further monitoring of land use changes over
large areas. This task would be extremely time-consuming and
expensive with conventional aerilal photography.

One main advantage of the methodology is that it should
considerably reduce the time spent by researchers in trylng
to locate and assess the different techniques involved in the
various stages of map production that have been reported in
numerous articles during the last few years. This has been
achieved by presenting and evaluating the most appropriate
pre-processing, interpretation, classification and ground
truth procedures iﬁ a simplified and systematic manner,
Initially, many pre-processing and interpretation techniques
were considered and rejected on the grounds that they were
in-appropriate mainly due to the high cost of the imagery and
equipment or their inadequacy for use in the operational sense.

The sugegested imagery and interpretation technigues con-
sisting of colour composites and ﬁbnocular magnification

proved to be the simplest, fastest and most versatile method.
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However, it should be recognised that the level of interpret-
ation is also very dependent upon the iﬂterpreter's reference
level and, in this type of mapping, it is particularly import-
ant that adequate'speps should be taken to ensure that the
interpreter has a satisfactory undérstanding of the MSS imag-
ing system. This 1s necessary due to the unconventional type
of imagery produced from the data acquired by the multi-
spectral scanner. The interpreter should be aware of the nature
of the image characteristics represented on the indiﬁidual
spectral bands or on combinations of the bands.,

In order to maintain a standardised classification of
land use, the criteria and hierachical structure presented in
tﬁe U.5.G.8. Circular 671 were found to be acceptable as a
general basis for researchers and organisations wishing to
develop systems for their own regions.‘However, it should
be stressed that these recommendations should only be used as
guidelines for the development of an édequate system for a
particular region.

As no satisfactory method couyd be located which provided
directions for“évstemagigailv analysing the results of the
interpretation, a new scheme was AEVised and tested. This
proved to be successful, in the operational sense, during the
production of the land use map of Murcia Province. Although
the system was based on the commonly-used stratified random
strategy, one imporpant aspect that wés developed in this study
was the method of determining the most appropriate sample size.
However, the technique utilises interpretation accuracy levels
that are lower than the normally accepted standards adopted

in conventional surveys using air photo-interpretation methods.
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This situation arises from the fact that the concept incor-
porates the probability of making incorrect interpretatlomns

at particular prescribéd accuracy levels e.g. 85% or 920% for

a certain number of errors e,sg. 0,1,2,3 ete, for a particular
sample size, This contrasts with the usual practice of express-
ing the interpretation errors as a percentage of a subject-
ively derived number of sample sites. Consequently, it is felt
that this approach offers a more meaningful explanation of

the interpretation accuracy level of the whole operation and
within each category. Furthermores, it should prove to be very
useful in other types of operational remote sensing projects
where stringent specifications need to be met but, prior to
this stﬁdv it was not possible to check the accuracy of the
work 1in any reliable, statistical manner.,

In their applications, the suggested methodology and the
land use map should be used in the context In which they were
designed. Essentially, this means that they should be used
to provide a data base for further study within the region
or for monitoring land use changes over large areas. More
detailed investigaticns in selected parts of the region should
be under-taken using the larger scale imagerv and relevant
methodology.,

In conclusion, it has been demonstrated that the pro-
posed methodology can play an important role in providing a
suitable link between the acquisition of the LANDSAT M5S
data and its operational application in land use mapping

using inexpensive techniques,
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HOW TO ORDEIR LANDSAT DATA

This order form is used to order ali standard LANDSAT data. Necassary order information can normally be extracted from
3 computer histing of avaiiable data or from ether LANDSAT references.

Plzase provide the following information in the indicated areas of the order form:

A.
B.
C.

== (2] | m
. . . H

M.
N.

List your ¢omplete NAME, ADDRESS, ZIP CODE, and name of your COMPANY f applicable.
List a PHONE NUMBER where you can be contacted during business hours.

if'you have bad previous business with the Data Center and this order relates te that buéiness,please lisl the pre-
vious CONTAGT NUMBER if known.

Enter the complete SCENE IDENTIFICATION NUMBER. This number can be transcribed directly from the COM-
PUTER LISTING. If the source of information is from oter than a compuler lisling, please specily the dafe the
scene was iecorded and the time taken.

Review lhe STANDARD PRODUCTS TABLE on the ORDER FORM and determine the type of product desired,
Enter the PRODUCT CODE of the type product heing ordered from the STANDARD PRODUCTS TABLE.

Enter an indicator for thee band(s) desired.

The REMARKS column is completed only when a CUSTOM PROBUCT is desired and you want lo specily the para-
meters.

Enter the Total Number of Bands ordered.

Hultiply the fotal bands ordered by the number of copies dasired and enter the result in the QUANTITY column,
Enter the UNIT PRICE of the lype product as reflected in the STANDARD PRODUGTS TABLE.

Multiply the figure inthe QUANTITY columnby the UNIT PRIGE and enter the result inthe TOTAL PRICE column,
Repeat the above for each product orderad.

TOTAL the costs of all products ordered on that order form and enter the net result in BLOTK A, TOTAL ABOVE.
If mese than I order form is raquired, enter the sum of the figures in BLOCKS A in BLOCK B on the fast order form.
Enter the SUM of BLOCK A 2nd BLOCK B in BLOCK C, TOTAL COST.

indicate the TYPE of payment being made with a CHECK MARK, Hake ail drefls payable o 1.5, GFOLOGICAL
SURVEY. DO NOT SEND CASH.

Mail ORDER FORM(S} and PAYMENT to the address fisted on the front side of {his Sorm.

APPENDIX II  (continued).
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DATE

RANDOM NUMBER
SITE COORDINATES

1:50,000 SHEET

SITE NUMBER

INTERPRETED
LAND USE

FIELD CHECK

correct

incorrect

SURFACE COLOUR

ASPECT l
flat steop
GRADIENT A EE
SLOPE FORM
concave )
' conve;(

linoar

SURFACE ROUGHNESS

undulating

gullied 1

channelled

terraced

other

GROUND PHOTOGRAPHY

POSITION

DIRECTION

PHOTQ Na

OTHER COMMENTS
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APPENDIX IV (i) LANDSAT MSS frame, Band 4, 17 Nov,.,, 1972
(scale approx. 1:1,000,000).
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APPENDIX IV (ii) LANDSAT MSS frame, Band 5, 17 Nov., 1972
(scale approx. 1l:1,000,000),
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APPENDIX TV (iii) LANDSAT MSS frame, Band 6, 17 Nov.,
(scale approx. 1:1,000,000).
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APPENDIX IV (iv) LANDSAT MSS frame, Band 7, 17 Nov., 1972
(scale approx. 1:1,000,000).
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APPENDIX V (i) Enlargement of portion of LANDSAT MSS
frame, 17 Nov,, 1972 Band 4
(scale approx. 1:250,000),




APPENDIX V (ii) Enlargement of portion of LANDSAT MSS
frame, 17 Nov., 1972 Band 5
(scale approx. 1:250,000).




APPENDIX V (iii) Enlargement of portion of LANDSAT MSS
frame, 17 Nov,, 1972 Band 6
(scale approx. 1:250,000).




APPENDIX V (iv) Enlargement of portionof 1LANDSAT MSS
frame, 17 Nov., 1972 Band 7
(scale approx. 1:250,000).
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MURCIA PROVINCE '
LOCATION OF SAMPLE SITES
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Appentw VI

Land use Map
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Murcia Province

Scale 1: 250,000
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APPENDIX VIII Diazo colour composite of LAINDSAT MSS

Frame, 17 Nov 1972

(scale approx. 1:1,000,000)

Printed in England by the Department of Industry, London,









