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PREFACE
1, Objectives

The overall cobjective of the Thailand National Program has been
to evalunte the extent to which ERTS data can be beneficially applied
in various sectors of the economy to assist in the task of acquiring
reliable data needed for resources inventory, planning, and management
at the national level, Participating Govermment Agencies have pursued
objectives specific to their areas of responsibility in supplying the
bagic data required.

2. Scope of Activity

Fifty Thai scientists feceived basic training in remote sensing
technology, with emphasis on ERTS sensors and data products, shortly
after the initiation of the project {early 1973)., Tnvestigations based
on visual analysis of ERTS images were then initiated in four discipli- °
nary areas (agriculture, forestry, land use, geclogy) and interested
participants in other areas, including irrigation, hydrology, oceano-
graphy, and resources inventory, pursued smaller scale studies within
their own organizations or at the Applied Scientific Research Corporation
of Thailand (ASRCT).

Ten Thei scientists have now received some training at U,S. centers
of sxpertise in remote sensing or have attended relevant meetings such
ag the Purdue University short course orn machine processing of remote
sensing data and a data processing and management gymposium at the ERQS
Data Center in Sioux Falls, South Dakote.

The scope of activity is presently being expanded to cover addi-
tional facets of the technology, such as computer processing of MSS
magnetic tapes, and to encourage additional RTG agencies to engage in
research and development,

3. Significant Analyses, Findings, and Techniques
Category 1.A., Agriculture, Crop Survey and Classification

Intensive interpretation of ERTS-] scenes covering agricultural
regions near Bangkok, backed up by ground surveys and low altitude
reconnaigsance flights, has established that the maior agricultural crops
of Thailand can be positively differentiated, and in most cases identi-
fied, after some experience has been gained, by examination of ERTS
imagery. Little usc has been made thus far of time sequential imagery
and crop calendar information, but it is clear that with these tech-
niques a comprehensive survey of all major agricultural regions can be
made during the.growing seasons whenever current ERTS imagery is avail-
able, ERTS-1 imnges will be studied¢ further in an effort to determine
the total area devoted to each of the mejor crops during 1973, Analysis



of scmple computer printouts furnished by the Purdue University Labora-
tory for Applicatioris of Remote Sensing indicates 2z high potential for
successful application of autometic dota processing in agrlcultu“al
crop determination,

Categery 1.B. Forestry, Timber Survey and Classification

The Royal Forestry Department will complete within the current
calendar year a country-wide survey of remnining forest cover, using
ERTS images to delineate forested areas and existing air photos to assist
with classificotion in several broad categories. This is a task of major
economic importance that could only be accomplished prior to the advent
of ,ERTS~1 by re-photographing at least half of the country (about 250,000
k") from aircraft, a tesk that can be accomplished in Thailand only
infrequently because of the great expenses involved.

Category 2.4, Land Use Classification

The Land Levzlepment Department has developed an interpretation
scheme utilizing 1:1 million and 1:500,000 scale ERTS images, available
maps, and field checks., A ten category classification system has been
devised for temporary use and is being expanded as more interpretation
experience is gained, Existing 1:1 million scale land use maps have
been updated and corrected, and detailed mapping has been done from six
ERTS scenes covering about 207 of the country,

Category 3., Mineral Resources, Geological Structure, and Landform Surveys

MSS band 5 and band 7 black and white pecsitive transparencies were
found to be the most desirable medium for identification of geological
structure., Several scenes have been studied in detail and all have
yielded new information for improvement of geological maps. A new tectonic
map covering the whole country hag been drafted, but is not yet ready for
publication. It is anticipated that the improved delineation of geologi-
cal structure yiclded by the ERTS pictures will be of great assistance in
mineral exploration planning in the future,

Category 4.J. Reservoir Menitoring

The Royal Irrigation Depatrtment conducted a pilot study to examine
the possibility of determining water reservolr capacity from surface
area measurements derived from ERTS imeges,

The technique utilized was to project MSS band 6 or band 7 transe
parencies at 20X enlargement directly onto 1:50,000 scale topographic maps,
The maps were used toc control scale, and the perimeter of the reservoir
was then traced out on the map and the area determined by planimetry,
Fairly satisfactory regults were obtained on three reservoirs ranging in
area from 35 to 135 km“. Tt is concluded that the technigque can be im-
proved and can be utilized successfully when current, repetitive satel-
lite imagery is available.

'



&, Conclusions

Work accomplished tc date in rhe disciplinary areas dircussed
above has established that the data acquired by ERTS-1 have practiecal
applications in each case. Applications in forestry and land use are
clearly cost-effective under present circumstances, aud a potential for
answering some of the priority questions in the area of agricultural
land utilization and production appears to have been demonstrated. The
overall conclusion reached in Thailand is that survey by satellite will
be accepted as an indispensable method of assessing and regulating the
utilization and conservation of dwindling natural resources and of
plamming for future egricnltural production on a global basis. There
appears, in the present era of rapid population increase, serious _
shortages of food, and steeply rising costs, to be no viable alternative.
There is no other way in which the true condition of the entire inhabited
surface of the ezrth can be accurately assessed in such a short time,
and intelligent planning for the future capnot occur in the absence of

My

reliable information,
5. Recommendations

Thailand, in view of the conclusioms drawn above, recommends only
that the opportunities for realization of improved knowledge created by
ERTS-1 be pursued further, The questior of whether or not we wish to
utilize the new space technology appears to have been answered, and the
question of how best to use it ip order to realize maximum benefits
remains to be answerced. Recognizing that techniques of image interpre-
tation and data analysis are continually changing and improving, we wish
now to improve ouw cwn capabilities for data reproduction and interpreta-
tion, to investigate scme additional techniques that zppear to be appli-
cable, and ultimately to reduce proven techniques to routines capable of
supplying national resources imventory and production data that are cri-
tical to intelligent allocation and improved planning.



INTRODUCTION

The Thailand Haiional Programme of the Earth Resources Technology
Satellite (ERTS) and Skylab operates through the Principal Investigator,
the Secretary-General of the Nationzl Research Council of Thailand, and
the National ERTZ Cormittee, The Hetional ERTS and Skylab Committee
iz composed of the Secretary-General, as Chairman, and representatives
of the Gffice of the Prime Minister, the Bureau of the Budget, the
National Economic aand Soclal Development Board, and government agencies
and educational institutions interested in applications of remote sensing
data acquired both by spacecraft and by aivcraft.

Interest in the programme at the national level has been high
since the firest ERTS-1 images of Thailand were received in November 1972,
The United States Cperations Mission to Thailand (USOM), working through
the U.8. Geologicel Survey, implemented six week intensive remote sensing
training course in January-February 1973, which served to acquaint Thai
user agencies with the design philosophy of ERTS-1 and techniques of
interpretatison applicable to the small scale multiband imagery produced
by the satellite, This was followed, in May and June 1973, by additiomal
consyltation to the investigating teams by members of the U.S. training
tezm . ‘

Awareness of the utility of ERTS-1 data has grown steadily since
that time, 2ndé z pumber of unique and/or cost-effective applications
have been found, The series of large, ancient alluvial fans along the
mergins of the centrzl plain, for example, might never have been recog-
nized in the nbsence of ERTS images, and there would be no reasonbly
economical way, without these pictures, to make the assessment of remain-
ing forest cover ir Thailand, reported here, that will be completed
this vear.

The Wationmal Research Council assigned responsibility for coordi-
nation of the ERTS Programme to the Eovirommental and Ecological Resgearch
Iostitute of the Applied Scientific Research Corporation of Thailand
{ASRCT). Staff members of the Institute are experienced in interpreta=~
tion of acrial photographs and construction of resources inventory maps.
Existing facilities within ASRCT are also used for photographic data
reproduction and waintenance of the primary datz products received from
MWASA. Instruments supplied by USOM, including a four chamnel viewer/
projector for color recomstruction and a zoom transfer scope, are housed
and maintained at ASRCT and are available for use by all investigators.

o
U.8., Geologicel flurvey Repoxrt Uo, TH - 13, in press.



Additional RTG funds for centinvation of ERTS and Skylab investi-
gations have been allocated recently, as detailed elsewhere in this
report, and TSCM, thrcouch negotiation of a new Project Agrecment with
the Government of Thailand and 2 Participating Agency Services Agree-
ment with the U.S, Geological Survey, is providing additional technical
suppotrt, expert advice, and special purpose commodities needed for up-
grading data reproducticn and interpretation procedures.

it is avident thet the basic obiective of Thailand's broad investi-
gation programme, io assess the utility and economy of ERTS data in
plamning development and management of resources, has been achieved at
least partielly, with the result that the practical utility of earth
regources surveys from spacecraft is considered now te be an established
fact in several disciplinary areas.

The government has demonstrated its willingness to support further
regearch and development, and has expressed confidence in the future
of this new technology by encouraging planning toward the establishment
of 2 permanent national remcte sensing rescarch, development, and
training center.



¥inal Report
Sector: Agriculture
Reportaed by

Pongpit Pivyapongse

Utilization of ERTS5-1 imagery in agricultural survey has been found
very advantageous in Thailand. Since the first batches of ERTS-1 MSS
imagery were supplied to Thailand, the agriculture sector of the Agri-
culture Department has becn using color and black and white prints as
base maps in meny aveaz.

The study has been carried out in three major phases; preparation,.
ground 1nforrmtion collection, and interpretation and anzlysis., The
first phase included training of personnel by the U.S, team, test site
selection, preparation of ground information forms, and contacting
experiment stations near the test sites., The second phase was devoted
to ground information collection at various test sites and field checking
for covertype boundariecs. Adircraft observations were made on two occasions.
Interpretation and data analysis were done simultaneously with field check-
ing.

Selection of Test Sites

In order to obrain a wide range of z2gricultural scenes, several
test sites werc selected in different parts of the country. Table 1
shows the location of the test sites aud the types of agriculture
involved, '

Table T
Frame Mo, Location Type of Agriculture
1 Bangkok Horth Floating rice, orchard and
. horticulture cropa.

2 Bangkok South Rice, field crops

3 Chainat Rice,multiple cropping

4 Chiengmai Rice, multiple cropping

5 Chantaburi Orchard, rubber plantations
f Ubol ' Rice, kenaf

7 Songkhlz Rubber plantations and coconut
£ Petchabun: Corn, rice

9 Phuket, Samui Islands Coconut, rubber plantations



Proceduresn

ERTS-1 imagery and 1:59,000 scale topographic maps were used as
base maps. The ERTS-1 imagery used included:

1. False Color composite 1:400,000 scale, North and South Banglkok -
frames. (Prints)

2, Diazochrome coler transparencies,

3. Black znd white prints.

4. Samplc computer printouts furnished by Purduef TARS.

The foilowing procedures were employed.

1. Boundsries, indicated by differing spectrel Tesponses (tonal
and color variations on the prints) vere traced on acetate overlays,

2. Uniform mrezs of 5 x 5 kilometers were used as field checking
plots for field crops and orchards: 10 x 10 %ilometer plots were used in
rice cultivation sreas, Field checks were done occasionally for observa-
tion of tempovrl changes.

3. Aircraft observations were mode twice, for visual checking of
tentative bouadaries and to zcquive color photos on Ektachrome and
Ektachrome IE film for evaluation,

Cropping rezlioms delineated or the base naps will be vorrected by
substracting areas of other land use and crop type, where posgsible, to
obtain the actual zrez devoted to each gpecific crop. Then the indivi-
dual crop areas will be measured with planimeters. We are confident that
automatic data procecsing technigques will lavgely replace this conven-
tional method in the future,

Some Accomplishments and Results of the Study

1. The series of active alluvizl fans zlong the mirging of the
Central Plain were first recognized on ERTS false color composite imoges,
The soils cccurring in these areas werve found to be coarse textured at
the upper ends of the alluvial fans and fine textured at the bases,

Soils texture on these areas were largely sandy loam, clay loam and clay
soils. The great soil groups znd soil series found included Aeric
Raleaqunts, Typi:c Ustiflurents, Aderic Tropaquepts, Aeric Paleaqunlis and
Entic Pelludertc soils according to the USDA Soil taxonomy 1970 clasgifi«
cation.

2. Crop resources maps were drawn for the North and South Banghkok
frames and the Eastorn Coastal arcas. Prom these mAPS area measurements
will be made for comparison with 2rca estimetes previously made without
reference to ERTS data, )



3. Preliminary gray scale printouts of the Bangkok frame were
field checked for classificetion and zccurcey. The printouts were
produced by the Purdie University Laboratory for Applications of Remote
Sensing (LARS) for use in the 1973 training program, We found them
very accurate and uszful for several cover type identifications,

The symbols were keved cut as follows

Symbol Classg Group Classification
1. Co= ' N&=4/10 VEG 1 . bushes
2. / 118-5/10 YEC 2 orchard (ecitrus)
3. + NE-6/10 VEC 3 trees, wood land
4, (.} HE-7/10 8311 URBN urban, bare soil
5, 0 He-5/10 VEC 4 grasses
6. W HN5-8/10 UATER water + Rice
7. M 18-10/10 SEAD & Hp0 water + Rice

We found items 1 -5 zccurate and consistent, especially item
number &,

We would recommend combining & and 7, as these two classes did not
appear to represent different cover types. ;

4. Black and white photo mosaic maps of MSS band 5 and band 7

were made to-up~date existing maps of Thailand, We are using them to
correct water body &veas and locstions of our experiment stations.

Status and Future Plans

ERTS-1 imagery of Thailand is being utilized very successfully in
the agriculture sector, We plan to use ERTS-1 imagery together with 4
band aerial photographs to identifv zoconut areas on Phuket and Samui
islands, and along the coast of Thailand to detect the old and nen pro-
ductive coconut plantations for a planned replanting program. More
extensive use of automatic data processing is also planned for improved
crop differentiation and cover-type identifications. The other economical
crops such as, cottorn, sugar cane, and soybean will 2lso be surveyed in
this programme. Work on interpretation of present ERTS-1 data will
cortinue, and we ave looking forward to the launch of ERTS-B and to
examination of SXYLAR data.
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FIGURE 3. Small Section of Purdue LARS Printout, referred to
in text, The well defined square area near center
is a moated Buddhist compound about 1,5 km square,
Original Scale 1:24,000.
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Sector: TFovostry
Reported by
Dr, Chamni Foonyobhas and Boonchana ¥lankamsorn

I. Introduction

The Earth Eezources Teéhnology Tatellite (ERTS) is a newly developed
technolopy to survey the existing natural resources of the earth by remote
senszors aboard the spacecraft (satellite)., Remote sensors, including
.oerial cameras, arce morely tools fov pothering data Ffor the information
needed,  Space photography is remote sensing at long range, i.e., from a
distant poirt, From this distant ventage point, the observer can view all
of the forest in & levpe region. Each frame oi ERTS imagery covers more
than 34,000 square kilometers. Althouph photo index sheets made from con-
ventional photosraphs vwill give 2 similar view, they have many distortions,
and meny indexw cheoir are required to zover the same ground area included
on ome space photograph. By stratifying land use on space photographs the
number of conventicnal photographs rvoguived to make o forest inventory is
reducad, fuccessful use of space photography will depernd on how closely
information from spoce is relsted to information on conventional photo-
graphs.

CIn the Ficld of foresiry invostigation, space photography cen
provide veluable information about forest land., It shows the distribution
of forests and theiy zclationship to other land uses, including urban
centers and transportation systems. Our cobjectives during the first year
were: (1) to study, by interpretation, the ERTS-1 imagery of the areas
designated z2s "test site areas" (2) o identify the foresgt area separated
from other land usez, (3) to survey the aresz which was cited earlier as
forested area in order to learn of the changes.

TI. The 8tudy Avezs

During the ERTE Remote Sensing Trainivg Course held in January,
February 1973 ard with the advice of the expert, the forest areas were
selected for studying. These areas are located in the Horth region,

East region and Scuth region of Thailand (Figure 1), having 3,5 and ‘
2 test site arzas respectively. Owing to the limited budget, The Forest-
Department could ctudy and work intensively only in the East region

.

y
and some pavts of Chiengmai province in the Morth region,

The general topography of the East region is flat to gently roll-
ing plains with crects generally mrre thaw 500 meters zbove adiacent
valley bottoms: most slopes ave between 10-30%, About 15,000 square kiloe
meters of thiz aren are covered by forests, Forested areas are classified
mainly inte Tropical EBveorgreen, Dry Dipterocarps and Mangrove Forests,
Evergreen Forest type is very dense with considerable under-storey plants
and climbers makios ground checks dif#icult. In some parts the areas are
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complecely inaceessible, The surrcunding areas near the coast are agri-
cultural arens. Crope grown include vice, sugar-cane, cassava, fruit
orchards anl rubber plantstions.

) Tive test site zvreas were selected for ground checking. For
instance, test site arez 2 located at fmrhoe Pong Nam Ron, Chantaburi
province,

The size of each test gite srea is 25 % 25 ki lometers, and the
sample plots zre 59 % 50 meters. Ten semple plots in each site were used
for research work. Photographs were taken wich ordinary 35 wmm. cameras
for field checks., Thotos were taken, Iv each test site aren, where various
tone contragts on the imagery weve =ored,

III. The Procadurs of ERTS-1 Imocery Lnalysis

The approach was divided into “wo stages as follows:

- s

{1) Preparation of Tagk in the O0ffice

ir this step, ERTS-1 Frames E-1148-03011, E-1167-03063, E-1167w
(030670, E-1202-03014 2nd E1202-03020, band 5 and band 7, which covered the
Eastern part of the Fingdom, enlarce vo 2 scale of 1:500,000 were used
as & base map. These prints were covernd with microtrace drafting paper
ané the boundaries c¢f the test site arens {each test site atea = 25 u 25
km) were delineasted under the condition of topal differentiation, The
expected .legends were first labelled Ly using the code described ip
figure 3, However, 'in order to improve the accuracy of space-photo inter-
pretation, aervial photosraphs of any scale which covered the stucy area
were brought in te z2ssist the recognition activity, and additional details
were taken from diazochrome color film products and the false celer come
posite viewer scraen, '

]

When the imeges had been stratified, the number and location of
spot checks necesszty to be conducted throughout the various strata were
based on the velative sizes of indivicdual strata. However, for ecconomic
reasons, the loczition of each apot check depended on ekisting facilities
and the comvenicnce of communication.

4

S
1

Three pround control poirts were set up within ecach frame of space
photograph, in owder to control the shape of the ma when transfering the
details to the moep nnd for checking rcome details in the field, Afcer
interpretation activities were finished, the giratification apd legend
labelling on esch photozraph were cavried out to completion,

The legends that weve applied in the initial stage of interpreta-
tion could be clagsiticd zs:

01 = . areaz 04 = Water
02 = oreas 05 = Open land
03 = 3
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(2) Field Checks

‘ Field checks were done dccasionally at the test site areas. The
locations of spot checks were guided by topographic maps of scale 1:50,000
and 1:250,000 and any scale of aerial photographs. Within a test site
area, three sample plots were assigned for research work; one was 25 x 25m,
the second one wes 50 x 50 m, and the last one was 100 x 100 m. The
availability of each size of sample plot was mainly dependent on the suita-
bility and characteristics of the site, Every data point within the test
plots was recorded on the data sheet form, and then the photographs of
forest profile were taken with ordinary 35 mm cameras where there were
variations in tone on the imagery of each test site area.

The preliminary map was checked in detail agein and the legends
were corrected for accuracy.

{3) Data Recording

Every detail which was required and wentioned in the recording form
was recorded (See the recording form im Fig. 4-8), for instance, photo-
image characteristie, altitude, aspect, type of forest, degree of forest
disturbance, crown density, leaf comdition, ground moisture condition,
prominent species, average height, etc., and pertinent remarks.

{(4) Symbolic legends,

Finally, after the map had been checked, the completed and verified
symbolic legends with the description of the details were entered on the
map and the map was completed. (Fig. 9)

IV. Results

_ Although the interpretation task and the field data requirements
are new and are still being improved, the results of this work clearly
indicate that the FRTS' data is applicable to tropical forest mapping.
Images can be classified broadly as forest area and non-forest area,
Forest area was then measured using dot grid templates., The forest atrea
was found to be 15,036 square kilometers in the East region. (See forest
map in Fig. 10} '

_The comparisons of forest area derived from ERTS-1 imagery with
the area from the land classification map worked out by the Land Develop-
ment Department at the scale 1:250,000 and printed in 1971 are as follows:
(See Table 2., p., 15)
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Trom land claseifica- From ERTS~1| Terpleted Forest area
tion map imageries ¢
i % annual
Frovince decrease Mote
{(East region) Date of Forestzarea‘ Fcrestzarea 5 {average)
investiga« {ln ™) {tem™) (k) (%)

tion

Chonburi 1961 1,336 1,02¢ 31G 23.65 1.97 Some small forest
areas distributed

Rayorny 19656 1,123 282 195 16.48 2.35 in the disturbed

' areas have been
Chanthaburi 1964 3,827 3,167 550 17.25 1.92 omitted from

measurement becausc

Trad 1964 - 1,130 1,060 70 6.19 0.69. they are too small

_ to be taken into
Chachasngsao 1964 2,703 2,624 el 2.99 £.33 account,
Prachinburi 1963 7,407 5,592 1,013 26,50 2.45
Nakhonnavol 10864 506 585 1 0.17 0.02

15,174 15,036 3,138 17.27 -
Table 2. Forest Area Depletion




16

V. Future Plan a

During the current fiscal year, which started in October 1573,

continuing checks and gtudies will be carried out throughout the country,
except in the eastern region. The main emphasis will be on finding the
locatrion of existing forest areas and details of the changing situation,
The expenses of theose activities will be paid by the Thai government and
the equipment will be supplied under the cooperation of the Royal Forestry
Department, the Applied Scientific Research Corporation of Thailand and
the NMationzl Research Council., Thereafter, intensive research will be
purgued with the objective of finding the optimum technique for ERTS~1
imagery interpretation for forast area determination and forest typing. .

VI. Conclusion & Recommendation

From the research on ERTS-1 imagery (black-white prints of scale

1:500,000} in interpretation for forestry aspects already conducted, it

is clearly evident that remote sensizg will be an increasingly useful tool

in forestry. It can contribute much to zid the forester in exploring,

developing aud monaging forests and xelated wildlan’s, The characteristics

of forests can be recognized by combinations of texture and tone contrast.

Because of the small scnle of the imagery and the fact that the present

application is it o preliminary stage, the utilization ie limited in so

far as the fovest cover type identification is concerned, but the forested
cag

5 &

and non-forested arcas can be separated completely by the use of MES band 5

and band 7, The existing forest arcos can be detected and the changing -

conditions due to men-msde or matural Jdisturbances can be known by compar-
i

ing imagery from two <ifferent time poricde,

The recommendation now can be given that imagery acquired during
the rainy seazon should be avoided, because the soil moisture will be
rather high in croplands close to the valley bottoms. This moisture and
extremely high humus content will give soil a dark appearance very similar
to that of the forest., Intensive research on FRTS-1 imagery interpretcas«
tion should be carried out in ordex te find out the Yest technique for
recognition until the various types of forest, volume of stand, forest
Jdamape, etec, can be vaocognized very clearly.
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FIG 3 TEST SITE AREA &
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- . CODE
IYPE OF FOREST | (@g TYPE OF_FOREST DISTURBANGES CODE
Mixed Deciduous 10 Non—Disturbance !
‘Dry  Dipterocarp ‘ 20 Gutting—Heavy 2
Trapice  Evergreen 30 Cutting—Light ) 3
Bine VFo'—:-st 40 Fire Damage. ] 4
Margrove  Forest ) 50 Oid clearing and Shitting cultivation- o8
Bamboc  Forest 60 | Infestation 5
Scivh 70
MACROTEL ER CLASSES copE || CROWN, DENSITY . CODE
o Land M1 75— 100 !
Underiatn.g and Rolling Land M2 25 =75 X 2
Hiity =nd M3 0=25 ¥ 3
Mountainous  Land ' M4
GROUND _MOISTURE  CONDITION CODE LEAF CONDITION (DECIDUCUS TREES] - CORE
Wet 1 Shedding 1
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Vary Dy 4




Figure 9 ERTS-1 Band 5 Mosaic of East Thailand Used to Make Forest Map
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Final Rebort
Sector: Land Use
Reported by

Manu Omakupt and Staff

1. Objectives

1, Study of the ERTS-1 imagery by interpretation

2, Acceleration of the programme to prepare land use maps In a
reasonable pericd of time. -

3, FEwvaluation of -the valuc of repetetive coverage.

Ag the ERTS-1 acquires information at regular intervals, it is
- possible to repeat the observation as nceded for identification of changes
in lané use patterns, and permitsz updating of existing maps.

2. Procedure

1:1,000.00G and 1:5300,000 scale ERTE-1 images were used, Topoe
graphic maps at sczles 1:250,000 aznd 1:50,000 were also used for compari-
gong, Two levels of interpretation wevre employed to derive information

from a single imsge or data format.

1, Rapid recognition of self-evident features such as dam~gites,
reservoirs, lakes, riveras, forests, agricultural and urban patterns,
transportation and geological structure. This level of interpretation
may be undertaken by anyvone with an appreciation of gcales, maps and
regional geography. It is very useful for bread land use mapping.

2. Skilled interpretation of data by specialists. This level
of interpretation is supplemented by more detailed data from ground
observations and false-color images.

7ield checks have been carried on since Jan 1973. A record of
information ia obtsinad for each land use pattern. ‘

A temporzyy classification has been developed for land usgse mapping
on ERTS-1 images. The classification development requires pre-eminently
a consideration of purpose and mappable categories. There are a number of
decidedly different land use clagsifications extant. The classification
which is presented below serves the immediate problem here on identifica-
tion - and recognition on smali-scale imepery of that which occupies the
earth's surface, '
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3, Classification

A very general classification of use categories was developed
based on the premise that only gross types of use or occupance could be
identified at such srales for the fivst stage of this research. Xach
category is identified numerieally and descriptively with the combination
of visunl or iunferential criteris (location, association, etc.) collec-
tively constituting its vespective signature, Numerical designations
identify mr lor groups by whole numbers, subdivisions by decimalsg,

Sirmature: darkness and everness of tone, uneven terrain, sub-
stantial areal extent {(amall isolated wooded areas were excluded from
this category but equally small-clear cut areas were ipnored and thus
inclucded’, and softening of ridge and drainage feature contours by vegetas

tion cover,

2. Cut forest: dominantly forest (mostly are seccndary growth)
but which include zome agriculture {(shiiting cultivation) and non-used areas,
3 i

Qi?nstu“e: variable intermediate groy tones indicating stages of
regrowth, veorishly sheoped but sharply defined outline, absence of clumps
of mature trees, no Field shape" and ragged boundaries separating forest
and clearings,

3. Agriculture and forest: domimantly crops with some forest
{secondary growth and bushes, shrubs)

3.1 7ield crop + forest
3,2 Paddy + forest

Signature: separation of these two categories has been imperfectly
achieved; the intent, however, is clear from the category titles, We can
confirm it by using folse-color images which ave taken at the proper time
accompanied by field checks., Tonal variation from very light to inter-
mediate, few wooled trocts and those typically along stream courses,
cluttered, untidy mixturc of ragged dark-toned woodled tracts and lighter
toned cultivated aveas,

4, Ficld cuop

\‘,)‘

ignaturae: mni n;y even=-toned -intermediate gray, no evidence of
field houn aries within the area, The distinction between this category
and 3 in lighter and Iiner tone, presence cf few dark spots of bushes
gshrubs and hills.

5. Paddy fi=1d

Signature: lichtuness ond eventess of tone, even terrain, few
woodel trecte and those typically along river or stream courses, The
large areas occupying 2lluvial plains and depressed areas. The distinc-
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tion between this category and 4-is by finer and lighter tone, accompany=
ing darker tracts of stream courses,

5'. Double eropping or crop rotation are active after the rice
seagon, in this area, Interpretation is by darker tone that represents
igh soil moisture cortent and gtanding erops

6. Perenniazl: orchards, trees {rubber, coconut, tea, coffee, etc.)
3 > 2 H]

Signature: quite ever intermediate to -darker tone, fine texture;
mapping of this cotegory was bﬂseé on location meinly.

7. Horiieulture: truck cropping mixzed, with various crops such
88 co¥n, SUgATCALE, bananas, and smnll fruit trees.

Signature: variable intermediate gray tonees indicating mixture
of crops, location {low land, surrounded by rice field and peremnial
crop)is very imporians Lox_ldantification; experience of interpreter is
needed, . :

8. HNon-productive areas

Bignature: voriable darkness and intermediate tones, identifica-
tion of o surfrce undesirable for or incapable of use in the same sense
as above. Thiz category is composed of idle land, poorly drained areas
(swamps, oxbows), an’ shifting cultivation,

9., Water surfcoce

Signmature: very fine texture, solid darkness and evepness of
tones in band 7,

10, 1Urban arvea

Signature: very light or white=toned where there is a city or
big town, minute patches of wood or fields within thé area, location
adjacent teo an urban unit,

4. Results

Experimentzl studies are being carried ocut with satellite imagery
in an attempt to assist the land use planning program, Discrimination of
land uvse patterns to the degree that coxtain crops are separable on the
basis of their spectral and temporal characteristics (for some, more ex~
perimentation is needed); surface scil coldr patterns, but relatlonshlp to
soi.l survey has yet to be established for broad areas.

u

Siw frames of E -1 imagery (see figure I} were studied, which
were very useful fow mapping of broad land cover-type. The results of the
effort are comsidered sotisfactory as illustrated in figures shown on the
later pages. FSFummarization of the experimental studies is expressed below:

v
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1. Froad land use classification was mapped distinctly (exa mples
are shown in Figures 2 to 6 ) which save? time and cost of survey. It
provided good information, more accurate meps, and up-to-date production
of land use mapping, Compavring, for example, traditiomal use of zerial
photographs of 1:50,000 scale, approzimately 500 photographs are required
fer coverage of Fastern Thailand, an area covered by two frames of ERTS
imagery., 4 land use acsessment from the photographs would require about
three months, while using the ERTS images and an experienced team of equal
size, the lob could be completed in ebeout two weeks time, includiung field
checking.

‘ 2. Changes ou the earth's surface could be observed immediately
in certel circumgtances., Figures 7 %4,B,C, & D) are samples of temporal
changes thni occurred nlong the Mun River Basin, A flooding situation was
observed on Figure 7A which was taken on 25 October 1972, It was a large
flooded 2res and causc” a lot of damnge to this region (both rice fields
and fiold evope) Cuving the late rainy saason accompanying a barometic
depression, The waier level was lower on 18 December 1972 (Figure 7B)

but the level wag still over the bavk of the Mun River and its tributaries.
The normal situstion came beck in Jovuary 1873 {Figure 70} which wes the
cool geason in Thailand, 4 second depressicon attacked Thailand in Febe
buary 1972 {Fijure 70), and brousht {amsze to some aress in the River Mun
Basin again.

Evaluation cf damage can be mode as soon as the data come in, and
this will in future help those whe have responsibility to sssess the
damage faster,

3. A photoemosaic of Thailand was made \Vlgu e 8) from ERTS-1
hand 7 images., The zuchor thoupght that it was the most fantastic scene
he ever sew. Tt showed the primeary woter resources(dams, lakes, rivers
an? theiv tributaries, etc.) very cleaxrly, Size, shape, and location of
these water rvesources are clearly defined. Some of them have not been
shown on any existing map before.

Present lond vse patterns are ezgily recognized on the ERTS-1
ot 5 mosaic, and alao gpecologicel features are shown quite clearly.
Rccownltlon of shore-line and shape of some islands are seen to have

charged when comparing to existing maps.

4, Falge-color images and photopraphs with differemt color filters
were studie 6 They provided more detoiled data on crop type and density,
soil moisture, and raloted ivformation, The authors could not have it
shown in tﬁls report because the lack of budget for color reproducdtion,

5. Conclunion and Discussion

£ elageification for broad land uvse mapping has been developed
and employed i th restigntion, The veszults of the effort are congi-
Jered satisfactory. Further improvement of the procedures would have
resulted in a more sccureate map., Mot only is more accurate mapping
noeggible, but alse o more detailed and complete classification could be
i

developed for use with




31

ERT:-1 data can azsist in the task of monitoring the environment
and the changes that sccur naturally as well as those that are induced

by man. It will also provide information which can contribute to optimal
landt use. Savings iu time and costs have been recognized as a clearly
established advantage of cartographic mapping by ERTS-1. The best cutrent
method ¢f obtaining zccurate small geale maps. of large areas appears to

be high altitude serial imaging (satellite data).

for further study a combination of data obtained from aircraft
and other sensing platforms, in close correlation with data obtained from
ground truth, will be requived, Tn addition, for obtaiping accurate
up-to-date and timely land use informotion concerning our resource base,
there appears to be strong evidence that a need exists for making use of
automntic cata processing (by computers and other mecharical aids).
However, such interpretation techniques are complex and relatively
expensive,
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FIGURE 1, Locations of ERTS-1 Frames Selected for Initial
Land Use Mapping :
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TiGURE 2 Example of land Use Mapping, Bangkok Area, Frame 5-6.
(See text for explanation of numbers)
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FICURE 3 E. .mple of land Use Mapping, East Thailand,
Frame 3-7. (See text for explamation of numbers)
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FIGURE 4  Example or Land Use Mapping, North Thailand,
Trame 6-3, (Secec text for explanation of numbers)
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FIGURE 5 Examplc of Land Use Mapping. Central Thailand,
te

Frame 5-5. (See text for explanation of numbers)



Example of Land Use Mapping, North-East Thailand,
(See text for explanation of numbers)

Frames 2-5 and 3-5,

LE



25 OCT 72
Flood Stage - Major Crop Damage

E-1148-03004~7

18 DEC 72
Partial Recovery - Wet Areas Along Mun River

23 JAN 73 E-1184-03003-7

C. Normal Dry Season Appearance

E-1220-03010-7
D. Recurrance of FTlooding in some Areas

Mun River Basin, Thailand, 25 OCT 72 - 28 FEB 73




FIGURE 8. ERTS-1 MSS Band 7

Mosaic of Thailand,
(original at 1:1,000,000
Scale)




Final Report
Sector: Ceclogy
Reported by
, . Prayong fAngsuwatana

The work described in this section was carried out in the. Photow
Geolegical Survey Laboratory of the Department of Mineral Resources,
Ministry of Industry, by using photczeclogical interpretation techniques
applied to ERTS8~1 imnpery, Black and white positive tranaparencies of
M58 band 5 imagery, which show somd genlogic features with high contrast,
were used for most of the work, Teatures were plotted on Koda-Trace
material taped over the transparencies on a light table, first working
in the visible drainage patterns, dips, strikes, major structures and
boundaries of rock types,

The arez studicd {(Figure %) consists of sedimentary, metamorphic,
and igneous rvocks. T“he oldest rock erposad along the Kwai Yai River,
The lanc in this ares was uplifted and extensively eroded in earlier geo-
logic times. The younger rock lies above. Accessibility of this ares
is very poor, The avea is guite mountninous and there are no roads for
vehicles.

o
[ e

The work was separated inte three parts:

1, Pigerimination was done by consideration of drainage patterns,
tonal and rextural wvariations, and identi flcation of structures; faults,
fractures, ani felda,

2, Beveval vochk types were discriminated, using considerations
of physical and chemical properties znd the known erosion rates of the
various rock types, reflecting differences in geomorphology. Studies of
drainage patterns, surfoce voughness, type of erosion, tone of certain
rock types,. and vmretatlor types all pive help in identification, Domi-
nant rvock types, for example limestone, sandstone, shale, igneous roek,
and some metamorphic rocks can be identified from the space imagery.

3. TField irnvegticetions were conducted after the laboratory work
was terminated, to check the results of the interpretation.

Structural CGeology

"The styructure of the study aves is complex due to many periods
of tectoric movement, including igneous intrusions. Anticlines and
synclines vr fo anticlinorium and synclincrium were formed, 2und there
was considerable faulting, with movements of several kilometers, Severgl
kinds of faults cccur in this nrea, including normal faults, thrust
faults, end wrench favlts, resulting from temsion and rclease pressures.
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Folding

The study zrec can be divided into two parts by structural trends
and folding: : '

Part I. Trending approximately from the HW to the SE corner of
the map. The majority of dipping is to the NE according to the granite
intrusion along the Burmn border, parallel to the granite trend, ard the
syncline of Permian lies on top.

Part I1. The northern part of Part I. Generally, striking NS
Dipping W and SE, The approximate central section of the upper part is
a large auticline of eld rock plunmging to the south and the permian lime-
stcne lies above. The zastern part of this scene shows the old anticlines
and synclines of rock of Ordovician age.

It can be assumes? that the rocks in this arez were folding in
Ordovician times. Dipping of the strata varies from 459-80°, and in some
parts from 10Y-259, 1r several later times, large anticlines and synclines
up to anticlinorium and synzlinorium were formed. Most of the folding is
assymetric, and is overturued in the western limb. The eastern part of
this area was uplifted hirgher than the westerm pazt., Ercsion is more pro-
minent in the easters part,

Faults
Faults exhibitaed in the study area can be classified into four
types:

. HBormal foulgs
. Reverse faults
. Thrust fauvlis

4L, Wronch faules

Lo D

The longest fault in this aren is more then 80 km long -- it is a
contact fault between Permo-Carbonifercus rocks, It is a normal fault,
and there ave seccundary faults cut through in some places, resulting in
horizeontal displacement of the primavy fault. This fault is bifurcated
at the southern and, '

Reference to Imace ond Dverlay

fymbol 1, Deposition from erceion of the older rocks. Tt consists
of conglomeratic sandotone, sandstone, siltstone, wmudstone, carbonate
shale, consolidated conglomerate, white calcereous tufa and rvesidunl soil.

Symbol 2, Thig formatiow congists of limestone (Ratburi lipestone)
which extends slong the Xwal Vol ars Piverg, It is massive
limestone, with coloy warying from ligat erey to dark grey. In some

places dolomite, chert beds and chewt nodules zre interbedded with the
limegtone,




ists mostly of red limestone conw

Symbol 3, Thies formatiom cons
ite, and with caleareous and ferru=

flomerate with some chert and quavtsz
gincus ceomenting materials,

Symbol 4, This formation is red sandstone, interbedded with ailt-
Stone. There is a small amount of rounded to sub-rounded quartz and feld-
spar, in calcareous, siliceous, and fervuginous matrix.

Symbol 5, This formation coneists of hard shale, with calcereous
cementing, ‘

Symbol 6, This formation occurs between two rivers. The forma-
tion is gquite thick, and exhibits a vorying degres of metamorphism. It
has 2 folded structure, composed of bended limestone, calc. gilicate,
biotite schist, guartr schist, and gueiss in the lowest part of the
formation, ‘

Symbol 7. The color wavies from light grey to dark grey, and it

is somewhat interbedde? with very thin badded sandstone.

~ fymbol 8, This is the oldect vock in the study area, forming an
anticline in the Southeastern corner of the frame and in the west at
Thong Pa Phum, The formation consists of quartizite, quartzitic sand-
stone, sandy limestone, avgillaceous limectone, and shale. The sandstone
ig interbedded with thin bedded limestore, tha sand
a high percentage of 2004 as the matrix, with argi
gome areas. 1L is 2 shallow marine depocition,

5 P

I

stone sometimes having
llaceous limestone in

Water Sedimentaticn, Phuket Tin Repion

ERTS images of the Phuket Island region, Phuket Province, South
Thailand, werc examined for evidence of turbidity in the coanstal waters
resulting from intersive tin mining operations. Band 7 images were uged
tc obtain an outline map of the -island and mainland., Band 4 and 5 images
all show varying patterns of siltation in the water at tin mine locations.
Images acquired on ¢ October 1972, (E-1078-03134) were used to plo:. four
apparent lavels of sedimentation, which are arbitrarily referred to here
2¢ heavy, light, very lighz, and clear {(no evidence of reflective suspended
matter). Tigure 2 indicates that arcas of "heavy"” sedimentation occur
close to shoye along the western Indinn Ocean coast, and that the sediment
either settles out in the deeper ocffshore waters or is dispersed rapidly,
In the bav to the east of Phuket island, however, the patterns of apparent-
ly heavy sedipentation are persistent and much more extensive, and in this
relatively shallow arec there may also be some contribution from bottom
weflection,

Ho attempt has been made as yeot to detevmine turbidity levels and
relate them to imace grayv senles.
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FIGURE 1. Geological Mapping, from ERTS-1 Imegery and Field

Survey, Kanchanaburi and River Kwai Ares, Thailand,
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FIGURE 3. ERTS-1 Band 7 of North-East Thailand,the geological
Mapping being shown in Figure 4.
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Final Report
Sector: Hydroloagy
Reported by
Hydrology Divigion

Royal Irrigation Department

i. Purpose

2tudy of FRTS imageries reveals that they can make significant
contribution in water vegources and applied hydrology, such as mapping of
inundated or ¥looding areas a2s well as the reservoir areas of the water
regources projects in which finally the reservoir capacity can be deter-
wmined and checked with those originally planned., A case study of some
regervoirg in Thailand has been carvizdé out by the Hydrology Division
of the Royal Irrigation Department {RID)}. 'The purpose of the study is
to determine the veservoir areas at different reservoir levels; ground
truth is regularly zurveyed by project operations. If the imageries
are available at all corresponding reservoir levels, then the present
reserveir capacity curve can be prepared and compared to the designed one
obtained from the topographic map.

2. Procedure and Heulpment Used,

‘ 4-channel viever/projector is used to enlarge a black and white

9-in transparency of 1:1,000,000 scale to match with the 1:50,000 scale
‘topographic map prepared by Army Map Service fixed on the screen, Co-
ordination was made by observation of clear road crossings or river
courses or other clear marks. The reservoir boundary was then drawn

‘on the map and the reservoir area at a corresponding level can be measured
by planimeter. ) ‘

The transparencies used were of band 6 and 7 of the following:

Kang Kra Chan Regervoir

NASA 1078-03122 9 Oct. 1972
NASA 1168-03124 7 Jan. 1973
MASA 1222-03132 2 Mar. 1973

TLam Ta XKong Reservoir

NASA 1167-03063 6 Jan, 1973
NASA 1221-02071 1 Mar, 1973
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Lam Pao Reservoir

NASA 1094-03000 25 Oct. 1972

NASA 1220-03003 28 Feb, 1273
3. Result

The reservoir areas at different levels of the three reservolrs
were measured from the enlargement and compared. to those measured from
1:20,000 topographic map used in the original planning. The result is
shown in table 3.

The result shows that with a range of reservoir areas from 36 to
134 km®, the differcnces appear to be both greater and smaller than those
obtained from topographic maps within the range of + 2% to + 10%. The
error may be cavsed by the scale of the enlargement which in some cases
cannot be clearly Fixed or because the distinct water line can hardly be
drawn on the enlarged projection witlh precision.

4. Conclusion

1. The case study does not give a clear result due to the fact
that only a few cloud-free imageries for each reservoir cam be selected
from the available data.

2. 1t is believed that reservoir capacity can be determined
correctly if cleay imageries are available at regular intervals throughout
the year by meane of vhich low to high reservoir levels can be observed,.

3. The method sné accuracy of enlargement can be improved by
comparing the water areas obtained from the enlargements with those from

computer printouts.
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Table 3 Resexvoir freacs

‘ Reservoir : Area in ke’ % different
Reservoir Date Flevation : + greater
M. (m.s.1.) From Topo | From | - smaller
map ERTS-1 ’
Fang Xra Chan 9 et 72 97.98 46.0 50.3 +10%
T 7 Jar 73 99.55 ‘ &£ .0 52,0 +10%
2 Mar 73 59,21 [y 51.7 + 8%
Lam Tz Kong & Jen 73 277.21 37.5 38,35 . + 2%
"1 Max 73 276.7GC 36.0 35.40 - 2%
Tam Pzo 25 Cct 72 158,18 134.0 136.42 + 2%
25 Telb 73 156.57 100.D 92.17 ~ 8%
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LAM PAO 135 Km’

J

LAM TA KONG 38 Km'
4

THAILAND

APPROXIMATE SCALE 1:4,500,000

[

FIGURE 1. Location of Reservoirs Studiéd.
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Budget and Planning Notes

A Roval Thai Government (RTG) budget of approximately Baht 1.6
million ($ U.8. 80,000) was zllocated to the Natiomal Research Council
in March 1674 for the current Thei Siscal yezr (ending September 30,1974)
and approximately the same amount hag been approved in principle for
cperations during Thai FY 2518 (1975). This has permitted the Natiomal
Regearch Couneil to hire three additional professional staff members
(e of 1 May 1974) to supplement the ERTS staff of the Applied Scientific
Research Corporaticn, where the data files,data reproduction facilities,
and imege interpretacion facilities are presently accommodated, The NWRC
hag, in addition, reguested for the FY 2518 (1975), Baht 3 million
{$ ©U.8, 150,000) for construction c¢f a bullding for permanent accommoda -
tion of 2 Mational Remote Sensing Center, and has submitted to the -
Rudget Bureau a five year plan coveriag projected operating costs includ-
ing establishment of & regional dats receiving statiom and data repro-
duction and dissemination facilities, ot approximately Baht 192 million
($ U.8. 9,600,000}, Tormal considevation of this plan will necessarily
follow NASA announcerments of plans for additional earth resources gsatellite
survey proiects aml further comsideration cf long term operationmal systems.

The Funding mentioned above, together with additional RTG funds
allocated for continuation of several Departmental ERTS investigations
ané the gupport provided by USOM, will permit upgrading of data reproe
duction standards and intrvoducticn of additional data products such as
contrast ephanced imzges and improved color composites. Thisg will permit
investigation of =dditional interpretation techniques and further improve-
ment of those zlready in use. While looking forward to acquisition of
more current datez from ERTS-B, effaorts will be concentrated on acquiring
additional informetion from the available FRTS-1 data products.

Some funds are available for experimentation with automatic data
processing of MSS computer cumpatible megnetic tapes and for addiciomal
consultation with U.S. experts in several disciplines. Current planning
calls for establishing suitable progromme inputs and processing routines
using one of several computers available in Theiland, with technical
assistance ag needed from centers of expertise in this field in the U,S.

Plons for the near future alsc include the acquisition of multiband
aerial photographs of several areas where proper interpretation of ERTS
images is still ir question, and congiderable additional field work for
confirmation of FRI3 =2nd air photo interpretation, -





