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Supplementary Notes

Abstract

Thematic maps at a scale 1:1,000,000 were prepared by interpretation
of LANDSATw] and LANDSAT-2 imagery and from documents, maps and
aerial photographs available at the Mekong Secretariat and the
riparian countries.

A modified version of the RECOG model of Colorado State University
was instaliled on an IBM 370/145. The model is considered to be a
research tool for the automatic interpretation of LANDSAT imagerys.
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and Kampuchea, the north and northeast Thalland, and the Mekong delta
‘and the highlands in Southern Viet-Nam (Map 1)e. . . .

T

PR

The data output received during the period of investigation
is listed in Anmex 1. ‘ - o

S

} . The quallty oftﬂe:mmgery from LANDSAT—2 has 1mproved very
consmderably in comparison with those from LANDSAT—l, moreover certaln
gaps in LANDSATw), data. of cloudy :areas, especially over the Annamite

mountain chain are being filled .now. . oot

1
Tue U7 The delivery time (botween date the picture are taken and
. received .in Bangkok) was approximately 2 months'and 20 days, which
is for the purpose of our investigations quite' satisfactorily.

2.2 Ground truth collection
T 20241 Aﬁiéifghsiﬁé’EOVéraaé:
A AC N N [ Rt -

An extensive ground truth coverage :was.conducted. for
the preparation of thematic maps. Ground control or verification
was carrled out mainly on the basis of aserial phdtogfagggjand maps,
made available by the national offices concerned in the four riparian
countries. Though this information-wasvof%en-rather.old (1954 %o ;
1960), comparison with satelllte data made it possxble to update
vegetétional units'in a’ generally prec;se ‘mannet. The early maps
and aerial photdgraphs wWere also used to prepare the" maps of ‘arsas
for which only poor quality images were availables™’ " The updatlng,
in this casey lacks precaslon, especlally for the province of Loei
in Thailand and for thé areas located west™ 6f the Mekong “Between
Luang Prabang and Pak}ay in Lao PDR.

In some areas,'thé'absence of -any documentation and the
impossibility of carrying out ground truth observations made it
difficult to identify and describe vegetational formations, as in
the northern part @fLac PDR and the areas located northeast of Thakhek.

- -7, . .. - '|""

t Ground truth controls wers also carrled out in the north_

eastern provxnces of Thalland but they were rather llmlted. " e

/ 2.2.2
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A more detalled ground truth coverage was. conducted
“#or Yhe purposd 6f providing Fieid Thformatibrs~to be'lked in the
computer supervised Classificabibii’  Tvd' bisic dkts corledtiohi >
systems ;for; obkaining /the ground; tyuth -observations during the time
that LANDSATw«Z: satellite gaSSesgovorgtwodseigctodn§it§s;rquoquriod
of oo?uyeaﬂ startlog from August 121§ﬁ??féiFaﬁF}ﬁd oo?r These test
sites were the area.glong Ehaholybmhaszlghway from Km. 29 just north
of Don Muang Krrgort to Kmo-éb KWang Noi Dlstrﬂot) éﬁh éhé'ﬁéégﬂlﬁ
Tambon Banq Khan,‘o'subdistrict*of‘KIong“ﬁuang*Dlstrlct, Pratumthani
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PESVineg. ~Ground ‘informations collected indicated “é¢fop deasonal™:

changesdiand man—made objects within the test perlmeter along the
VLU e Tt LB A r
nghway permlted the ground check pOlntS to 1dent1fy and to map
._-;‘a- '-L-' PR R | AN il a oz

agalnst the de51r$d satelllte 1mager1a1 plxels°
‘_,A whe Tl D T o cn NI A :r',.': BN

e
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it '-‘..—,_ A ‘5-: a0t
* “Seven ‘ihain’ ‘features ln the~above mentloned gltes were”
'collected, l.é., “Fide grass, bush, “housing op-Facidry,; baregiound,
ST N S B T E R WL SN TPOal S d T fp ey T gmen v opEn
water and soi1coniitions. ‘Difing ‘the £iéld ‘observation), tHe I

env1ronmental and atmospheric condltlons at AIT Water—Resources

[T PRI S 4 E R M | A 2 F Toeent
Laboratory were recorded. Colour photographs were also taken at every
R NI I S TEmimp o4 st Io, LTEY o
Kllometer mark along the Phaholyothln nghway. i
Sy el PR PeeviDon M A Todecr s o070 L ailn T
Lolomeds

Tﬂo recorded ‘datd was manually»checked andmkey—pﬁnche@ onto
cérdé hnd tHen"edited‘by~a-computer programme'before'soorrng;lnvau

[ WA Y

omputer Fi1aEEdAe ‘saby PetPiévaly | fotretrieve "thé informatida from
“fhéFite) ‘SBsErFaTich ddte shd fest site’Bype 'wereiselectedwds ‘thé

e

primary indices for each data set., Thentedch rééordtmay’ Be rétrieved

Au51ng 1ts fleld identification.
hhhhhh ER R R R A N D Y [ L *, . o ReT
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Preparatlon of thematlc maps based on satelllte 1mager§"
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Pl S nd " Tand se) péddt-géotidrphology andland-capability ‘haps
) 3 gy

e Ayt et T A T N S
at a scale of 1:1,000, OOO.weré”prépared'by“rnterpretaﬁi%n;of'rmagery
from the coverages of LANDSAT=-1 and LANDSAT—Z and from documents,

.zt [ SRR B R PR
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4 B8RS, and aerlal photographs already aVallable at the_Mekong Secre»

L LT e ST e Ti: G-
tarlat or 1n the Varloos government offlces of the four rlparzan
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countrles,
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The investigation covers theé lpweriMekong basin, an area
of approxlmately 630,000 kmz whlch 1ncludes :

i;:‘,.e‘;;.;.z- .: 1oz p ot Lone e

wrps b7 @ll of the Lap People's: JDemocratic Republlc, except for

ETRE .
the northern:extremlty af. the coyntrys. e miwndiren o Ligaac o
b, 3% 4 nost of Dambtratic Kamplehsa with -the- exception ‘of the
*soiithswestern dreas draihing'into the Gulf of Thdlland;- 550 v
A L .
- the northeast prov1nces and the northern extreme oF

_,-f do? —r (f‘ ‘.

' Thalland, as well as a’ small portlon of Ehe southeast,

.}m LED - ""'t "{"‘ "._,“zg_"‘* _!:.-"l -{'-'";v

sy e S J.
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;e el t-; Ehe Mekohd delta .area, .and, part of the southern highlands
(Ban Me, Thuot-Plelku-Kontum) of the Soc1allst Republlc of Vlet-Nam.

EALC
The whole 1ower Mekong basmn Was Covered By 10 LAﬂbSAT‘ N

passes Whlch 55 frames of 1magery Were needed; Subsequentiy'ovet-
lapped Zoverages of “the ‘samie area were usdd and the effects of -
seasonel.changee,lndlcateq clearly glfferent_typeejothveqetatlon
cover.. Unfor;unetelyl.np@erous‘fremee.were,nengeyed,partty‘%Ejtgtelly
unusable because-of cloud ;cover, eepeeia%ly‘egfing_thetfeini eeéeon.

$oat g T

. The working materlal used corresponded to bladk and“whlte

-

' p051t1ve transparenc1es at the scale of 1: 1 000 000 1n “the varlous
I ] !,r

bands. A few photographlc enlargements at a scaie of 1 500 000
.‘were also prepared §pg;men1;y;fogﬂbande 5.and ?;gﬁithe“§ANDSAT—1
satellite) as well.as“numerous composite colour trensparencies,at
a.scale.of .1:1;000,000 .obtained by the superlmpOSLtlon of bands 4
(yellow),.5-{magenta), and 7 (blue) monochromatic, p051t1ve transpa—
. ~rencies-at the sane ;scale.

4 e PN - P .
PR N - bt P PN TR

Band 4 images, which have ﬁseéﬂcontragt;'wefe}geneéalfy;gf
llttle use by . themselves. Band 5 1mages glVe better contrasts and
shéﬂé%'fbr the“Etﬁdy“of‘the”iand”hse“and e vegetet1on~cover, Inter-
pretation of .bands b and .7.images gave .an idea of geomogphology, soll

S PO Fo e W
avihety K P £

- -humidity,. and.the ewaggﬁepbieeetwoess .

“ FELns ST g e e L -y

- LF Vel

The Land Use Map was flrst'prepared on the b351s of data”

[ !’.."‘

"supplled by the LANDSAT-i satelllte (1972—1973). Subsequent LANDSETﬂz

h‘kﬁ"n ._,‘-

imegery (1975-1976) proved of better quallty and thése’ werk" the
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images prlmarlly used to prepare the Pedoﬂgeomorphologlc Map. The

Land Capablllty Map was prepared on the ba51e of the e do—géomorﬁho-*j'

il A S =z S r e
. . i r £ A F
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logic Map.

I R T
As mlght_be expected the qUallty ‘of 1mages “fromdn area as

.f.'

extensive and varied ae the Nek ong basmn Varies greatly‘from--one i

area to another. Data obtained under the best conditions from some*Jﬂ

regions can.hardly:be. extende¢ to the entlre jarea. Ground truth con-

LEEX TR N =, Fo,
trols -qre required;.but these_ nave not yet been carrled out. There-
X ) mr‘_"‘ﬂ

fore, legends given on the maps. have only an average representatlve

value as reghrie’ EhéUwholalbagin, v 1w s - N N R PP
.:'.: ’--d-f:__,_,_‘,_,:'.:':
2.4 Research programme for computer proce351ng of remote senSLng
data - f‘---‘-'..k.' ..ag‘ ENE T _.'_.r oy o _ . N
A TRE UG T e e g R A N A T SR By lhal

IR conducting this study, “the plan was divided-in three i, ;-

”v e ‘\‘ jr‘ "1 Tl M . 2=
phases as L IUELT LL s T Al L s tet tee = -
. 2 Tt s 1 . .l

a
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Lo
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e

a) Study computer pregramme functions of the RECOG package o

af the Colokado‘State~Un1ver51ty and-modify the. model from.the CDC

6400 fer51on’to be™ compatlble 6 *.an. IBM “370/145¢ - Every. machine it

dependent rouking s €5 be!converted to FORTRAN.,. R P

A g e, o - R .
T I D - PATRTES e H Lt o
- LS ’k

< bY. Reformal -input tape of, the LANDSAT—l and test the RECOG

I A T

programme. = Rerorganize . dis 1gput£9qtput_§%qt1nes, )

¢) With reference to the informations obtained -from the Be

supplamental studyson: ground truth observatlon carrled out from

eyl 21T

August 1975 to August 1976, the.computer 1nterpretat10n of the_
LANDSAT-z computer compatible tapes comnc1ded w1th the ground ob-

(33

servation will be conducted. in order to determine the mogel'5<

capability as well as accuracy of its classification.”
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3.1 zhreparation -of .land use, _pedo_geomorphol;glc and 1and T
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1o véapability maps: ., o- .., .. -
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The land use map at the scele of 1: 1,0005000 was+published -
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with descrlptlye,legend 1n Engllsh and 1n French. (coples were "

VS PR 3

attached to the March 1977 Quarterly Report)

2 y T -

-z, -The preparatlon of sketches for the pedo—geomorphologlc

and land capablllty maps was finlshed. These two maps aré nelng
o~ S L .

4

rinted. ... . s
b nte R S A Tt LT s - N oo v
R . - T, . Yt RO e I

RN

Also, a report enﬁltled "Preparatlon -of “Therdtid" ‘Mapsion

+
the Ba51s of Satellife” Imadety" “fas publlshed (Annex-2):. 2l pos

PN I T D T T e e e
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BOoury on

AT

3.2 Research programme for computer processing. of remote

..-..-x,,! - e

sensing data

LeAas s L T HE NV

. oo
. : $17. . - - -
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The RECOG package of the Colorado State UanEr31ty*was-
modified and installed on an IBM 370/145 computer at the As::an"'{’
Institute' of Teéhnoiogy.. The model ds censidered. to,be a research
tool for interpretation and classification of LANDSAT image;fuéeﬁe_z

recorded on computer comoatlble tapes.

] f
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] P . vow Ty i LT, Lo Tt e -
- : Mg {

! grgund truth observations weye carried out af the Ewo .
selected sitel quning August 1975 o August 1976, .Since the LANDSAT-Z
computer compatible-tapes:over ﬁhejobservationfareas,are unave1lab1e%

the computer c1a551f1catlon o_ the test areas were noit conducted.
"-‘-‘J pe)

Instead, the classxflcatlon was ‘demonstrated over theé:areds in the
vicinity of Bangkok and “the "Gurelhe Thalland u51ng“EANDSAT—1 computern, - .

compatible tapes, s s .
B SToetheel PRSI L R RN R AL
et i o,

The flnal report on “Computer“Proce551ng of'Remote Sensings.. .

r
i) Wiy gt

Datav completed 1n March 1977 1s "Attadhéd 4% Annek T T oM D ey,
it O T AN S i s - .
DO Y ; . A I A I PRI
R P s o . .
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wt .

Determined by their aspect, the main vegetation units of

the lower Mekong. ba51n»anda£he land development cendltlons haye been

e .

mapped by lnterpretatlon of LANDSAT-1 data. By inﬁerpretat;on of
the various shad@¥ of gray observed- ‘on--satellife im&ges,, Etiwds r.é
possible to map the density of the vegetation coyen.g;iheﬂetudy of

thelr.seasdnalmvarlatlong mdkes ltTQOSSlble to dlstlngulsh between

S T N

o0} i) / mainly



mainly deciduous forests. In the Mekong bhasin area, these are

generally related to the density of the vegstation cover.

In view of the absence of documentation, the imposaibility
of carrying out ground truth control, and the often poor qualiby of
some satellite pilctures, it was impossible to give all the precision
required to the map and to the descriptions of vegetation uniks in

some areas.

A more detalled mapping would certainly reguired intensive
as well as extensive ground truth coverages of the lower Mekong

basin which were nect possikle during the preparation of these maps.

A modified version of the RECOG model was installed on an
IBM 370/145 computer. The model is considered to be a regearch tool
for automatic interpretation of LANDSAT imagery.

Hoden xRk
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ANNEX 1

LIST OF LANDSAT-2 IMAGERY
RECEIVED BY THFE MEKONG SECRETARIAT
- (March 1575 - June 1S877)
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ANNEX 1

 BIST oF LANDSAT 2 IMAGERY

A L T A e 2 omow

rRECEIVED BY THE MEKONG SPCRETARIAT

ge!_*i.-- -

CEA AT o

- . ..
e L i E

ID number

e Date- .sta—cqulred
;( month-, day, year)

CEOXATUEWN

204802152
2048402155
2049-07204
"2049~02211
72049-02213
(2049-02220
"2051-0g312
2505102314
~2051-03323
2051-02335
205102341
;205302440
\3053-02442
; 205302445
2067—02205
~2067-02212
"2067-03214
2069—02325
-2069-02331
.2070~02392
. 207302534
5207302541
307302543
-2075-03044
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INTRODUCTION

The Mekong Committee has participated in the experimental
programme for investigating land resources by satellite (NASA,
LANDSAT I and ITI) since the inception of the programme. This report
is & summary of results of interpretation work carried out by the
Secretariat of the Committee in cooperation with the national government
offices concerhed in the four riparian countries and with the assistance

of the Prench government.
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THEMATIC MAPS BASED ON SATELLITE IMAGERY

e w
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e s e b AT . : A f
The main themes of the MEPS,BT@L. o eqemoante s FOEV
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vTow -t * il - ]
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- Land Capability N SRS 14

i 1rf”he Maps.. are ,prepated.by inteppretation.of data sSupplied by
the,uANDSAT (also+ca11ed-ERTS—I) rand/ LANDSAT=IX. satellltes~anﬁ‘from

l:iloc:umants,r maps, and aerlal pPhotographs .already ;available .at RIS

PRV RN

T e LA i e

riparian states.

Se%retarlat er in the varlous -government. dfftces ‘of “the faur'Mekcng i

B R |
B e _i" ST ekt

o . R S AN v
_ - N wm e R, L L S sey v U
Lhe et mCovarage ~ ¥ - st s AR

SRR PR : FONT S SRR S AL PR Nl )
“i;,:r% }'_'_-"r.‘s_r_' SRRy " .r_ l
' THE s udy covars Ehe 1ower Mekong basin, an area of over
600, OOO.sqo kmowhich,dngludes: . .- -0 L ool o
W

un\.1¢—;;a11’“f“the Lao’ People's Democratlc Repdbilc, though no

,\,-.

satellitél data-are available’ £fFom thé' northern’ extrémlty of “the' country,

} .. e [ o 1-|:-.'~“ b1

oo kv e £ sy e T AL Jh o LT L S Y TR Ao )

e mosi: & Democrat:l.c Kampuchea with the exception of . the. SO‘%th-
I N Five B ..

"western areas dralnlng 1nto the Gulf of Thalland

T oed A
ue uovpen the horthédst provindes and thig- northern éﬁtreme ‘ef Thailand,
< oo R erwiuaT o
-agswel®as, aSmall. portiodioFf fhe southeast; * T
R R o MY S ki i L Y e T Amoadtel PRI K S
‘&'“*“? g the Mekong ‘delta area and part of _Ehe southern hlghland&
(= B VL SARLICN
(Bar Me Thuot—Pleiku—Kontum) of the Soelallst Republlc of Vigt—ﬂamq“
el e onlotmi cees Fuianoone b dg e St g S
T . v L pesr mageit t N ERTI
Tn g ma ol oz epd e o0 IT0 Tt w0 opm LT ST BRI Tk TSRl
ITI atellite Imagery e e

Each frame of satellite imagery corresponds to an area of 180 x

LB0 km, the whole Mekeng basin being covered by 36 frames. The same area
is covered every 18 days in four wave bands of the MSS multispectral

scanner: MSS 4: 0.3 to 0.6({ ; MS8S 5: 0.6 to O.7L{; MSS 6: 0.7 to
Cc.84{; MSS 7: 0.8 to 1,1L{,

/The working
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The working material used éﬁrresponded to black and white
pesitive transparencies at the scale of 1:1,000,000 in the variocus
bands. A few photographic enlargements at a scale of.l-SOO 080 were:
also prepared (primarlly for bands 5 and 7 of the LANDSAT L. satellite)
as well as numerous compesite colour transparencies at a scale of
1:1,000,000 sbtainad by the superimposition of bands 4 (yellow), 5
{magenta), and 7 {(blue) monochromatic positive transparencies at the

Same scale. 4

. Band 4 images; ‘which have poor cdntrast, dre generally of
little use by themselves. Bard 5 images give better contrasts and
shades for the study of the.vegetation cover. Interpretation of band
6 and.7 images can give an idea of geomorpholddy, soil ﬁumi&ftff and
the hydrographic network. ) S,

Unfortunately, numerous frames are rendered partiy or totally

unuseable because of cloud cover, especlally during the rainy season.

The Land Use Map was first prepared on the basis of data
supplied by the LANDSAT I satellite (1972~1973), Subgequent LANDSAT IL
1magery (1975 1976} proved of better gquality and these were the images
prlmarily used to prepare the Pedo-geomorphologic Map. The Land
- Capability Maﬁ waé preﬁareé:on tﬁé basis of the Pedofgeomorphologig Mape.

_As might be expegted, the quality of images from an area as

1) tH

extensive and varied as the Mekong basin varles greatly from ene area
to another., Data obtained under the best conditions from some reglions
can hardly be ‘extended to the entlre areas Ground truth controls are
requiréd, but these have not yet been carried outa Therefore, legends
given on the maps have only an average representative value as regards
the whole basin. ' |

/IVa



105°

e

N ' R
FoN '

[T
., .
t..- %

REPUBLIGUE
SOGIALISTE DU

P CHINA
i‘
{""\,_

"‘.Is - -

it

150~ !

Y F wampuchEa Y o\ ¢
1 DEMOSRATIQUE |- 1 V
K73 ) ' "

\ N f\. 2 .
‘ ‘Ev Il _Igo
!
P
]
4

Sewmwm CROITE DU SATELLITE
Q: CENTRE DES IMAGES SATELLITE UTILISESS

ememze LIMITE DU BASSIN VERSANT DU MEKONG
——— LIMITE D'ETAT

) L
oo° o 105° 1o

T



IVa Map Scale

0f :1:500,000,.-bit-in yiéw-of unsolved’ 1ncertamnt1es and control

;diﬁfichkties it "Wwas found that the 1 1;000 060 scale was more apprcprlatea
. Phe.results of the study have bedr plotted ‘onh & l 1,000 OOO topographlc

""""

base mmap, obtained“by'reductlon of I 500 060 - topographlc maps (Tactlcal

£ Pitotage' Chart)..

JA.
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A. LAND USE MAP

I. Interpretation of satellite imagery
* N . ; - o - o F .

R

.The Land Use Map is :based on an interpretation ¢f .images.

PR

_provided by bands 5 and 7 of the LANDSAT: I satellite. 'Sinte:chlor;phyll
: %;.Ehﬁﬁﬁééeﬁizeq;by a very high absorption at:préhﬁ} the dark shades
._appggninq,on pggd 5 @:apqurgncieg-cor;espond fo the .density-and the
.ﬁatdr; of the vegetation cover. In view of their periedi&ity, -available
images can be used to study how the vegetational cover changes-from one
season to the other, differentiating clearly bhetween evergreen and
daciduous forest types. Band 7 has been used tc differentiate vegeta-

tional groups usually associated with hydromorphic soils.

As for as land use is concerned, the best results are given
by interpretation of images corresponding to the dry season, l.e.,
from January to March. The months of February and March give the best
results since deciducus forest types during this period have the
highest percentage of species which have shed their leaves, making the
contrast between deciduous and evergreen types more evident. For the
same reason, differentiation between natural evergreen and deciduous
forests on the one hand and between cleared and cultivated zones on
the other ig at its besgt in the dry seascon. The study of the vegeta-
tion cover in the dry seasoﬂ ig also facilitated by the clearness of
the picturesg due to the asbsence of clouds, the abundance of which

during the rainy season is a major obstacle.

Moreover, the variety of shades observed on dry season images
is much wider than during the rainy season when the luxuriance of the
vegetation reaches such a stage that the various vegetational units
take a uniform green pattern, appearing as very similar shades on the
images (dark on black and white transparencies and red on coiour
composite transparencies} and preventing a proper interpretation of

the vegetation cover.
/The study
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The study of satellite "ﬁata ihake if possible to prepare a map
T ar- -~ ":
of sthervegetation on” Bn%éssentially” phys:l_onomic bas:Ls'o - o
et L ": 'z;;'.nz -t L R T Rt A C‘.lu e .5 -i‘-‘—"' ey
: - - L ST
I@;;:&*i;;Deﬁcriﬁtidnadfﬁfegetatibﬁ“units, Reference documents,
P u et ey ‘. °x ST P L GCIRY s GRS TSN R S N
L e R R wEl-ae phys:.onomlc descrlpt:r.on of the vegetata.onal units,. we

RSP S S Ry ol £ R
1..7631.1'5:‘(5r s the fundamental research wor}c of, J, V:.dal (Lav vegetation -y

l‘ "-‘ -..,.é

Laos, 1960‘} Ma Schmn_d (Vegetat:.on du V:.et-Nam, 1974),, and Po Le\gr:.sg

)

andsE. Blasco (Notice de la carte du tapis vegetat:_on au Cambodge, 1972).,

The descr:l.ptlon of some of .the. units.was.completed. by grourid: nbservations

- _, .k ,_. Laa

carrled out in. the. _Tha.:. .part of Xthe.basine 7.:- {5 .. e vl TROY ar b

; -71..'—

: LS Tre e RN 0
PR G-Il APV, ¥ T RS L o RN RPN G

III,_‘ Ground control . SR B S P ST IREE S o NI RS BE -
Fi:s " . - - -

PRSI Jary e

somler Ground“control Sor-¥eriFicatidn-was SRrridd’ out mainly dﬁ"th'e‘_

EY .bas:.sr.(')f aer:.al.“photographs and maps* madé avalla.ble b"} “the' national“'ﬁ
off::.ces concernedJin thesFour ‘rifaridh ceuntidies: - Though“ th:Ls 1nform§,tion
:Wa%:roﬁtven-fnather: old (1954 t6-1960); Comparison with ‘satdllftd Haka “hade
it -ﬁossible to update vegetational units in a generally precise “hmifires.
The early maps and asrial Photographs were also used to Prepare ther
maps of areas for which only pesr -quality Mthages Wdreavarldble. THS "

upc!ats.ng, An th:.s Gase, lacks ;Precision, -especially: for: £hel:province of
AR AL

Loei J_n Thaz.land and for t‘he Aareas, located, west -of, thes-Mekong! betwean

Luang Prabané ar;d Paklayﬁz.n Dag PDRe @0 oo . wae- EE AT S

: . -. ) - N 32t S G STy r-‘*’f Lo

R 3 P A araas, the absence of any documentat:.on and, the impos-
» P 3T S

Slb.‘l.llty of carrying out ground truth observatn.ons made J.t dlfficult to

[ERCIENCAS L I A S

’

J.dentn.fy Arid” “deddrine vegetétlonal format:l.ons, as, J_n the northerq part

SR A
of Lat POR &nd ¥he ‘areas 1ocated north-east oF ‘I‘hakheko ST SIS
. T o O I L A I TP R P S S e
£8P ‘. TR e --,-11 . -t -

* .Ground. tr:u-thicontrcls‘-wéré"cai'ri“ed but ‘i1 the north-dastern

provinces of Thailand but they were rather limited,

. farer e, L S S L s
1,_.{;&z'v_ 2 - [ PR
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4.1 Dense and mainly everg;een fotests e

i e
\;..\ A,

,.-4,-"‘-_l

EVergreen Forest is composed -of leafy trees with..crowns that
form a continuous cancpy above the ground° The forests are composed
of fully evergreen stands or of evergreen stands mixednwithﬂpartlally

{‘4’4. .-1"--'-" Teamat mr -

dec;duous stands which, as a whole, retain thelr evergreen characteristics

since on the one hand the perlod when trees are wmthout 1eaVes is.short

and Sh' the other hand,’ the dec1duous species shed their 1eQVes at ;!
difrereht periodsa ) ) )

B Y TOCL R S S E P < -

H - =

& 7T [ '

b i
LI e T

eppet U 7o rThese units corréspond to ‘the darkest shades ' glven by band 5
Rt
images (water excepted) and which' appear with™ practically the same

intensity over the whecle time series of Images. The slight variations

which appear in some places seem to result eitherifron & d;fferent
floristic composition,.frvm.aﬁloWanatura1<densityqof thervagetation

cover, or from the beginnlng of forest degradation.: Théy can amsofresult

from dlfferences in 111uminateon‘conditLDHSndue“tO"tlmeuon ‘topogGraphy .’

(0 ST YE AL k3

These variatlons have too,. limited areas and oo unéervtain bordéers téfbe

.%%%ﬁ%ﬂ;ﬂn_g.xﬁnmsivf RSN R ST R £ LR SR PO RS LN S N
1w, v 7 h ,h( J;{‘?
BT R N S P - T U N - - e
4,2, Mainly evergreen;foresﬁs;-degradeern AT A RO A
w¢ i o~ Mah¥.Jevergreen- forests in' the ba51n “ard more ot less seriously

degraded by cutting or by recent o old clearlnqs which replace the

»-....«

forest with temporary- #r permanent ra:l_nfed“crops° Depending ‘on the'

cropplng system 1n uase and‘its 1ntensity, var;egatedusecondary formations

S

(grasses, bamboos,'shrubs, and secondary tree formatlons} OCGupY, morgl -

6r 165k exten51ve areas. qiheir density typlcally depends on . the1r“stage
ofidevelopmenﬁo The-p;esence of evergreen spec;es and the gradation
in the leaf-drop of deciduous spec1es give these secondary formations
an gvergreen.aspeckt.which:.ls morg:evident during..the:rainy “céason.

The represeﬁéé%ioo ofifﬁis vegetétionsl unie o; bhand 5 transpsra
encies is characterized+by = very large gamut of gsay shades . going from

1light to dark. These shades correspond to the Yarious phases of forest

degradation, the varicus degrees of evelution of secondary formations,

Jand

2


http:which:.is
http:illuinationcond:t-j*os-,,due.to
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B2 UL

andithE'ekﬁént“%f‘cﬁltiva%ed‘areés,‘ The 1ighter shades of gray ..

o e il - rha

corréspand™to’ Inténkively cleared and cuItlvated arees. The darker

sun &.n

shades represent cleared areas where = mcre or less dense tree cover

or important secondary formations still remain.
LI .,.' - PerT e

raaw - -

On satelllte plctures, thEDE unlts are.net.always, gasily

e et
i, TR
ISPV

e

¥

L

A

a2

dlstlngulshed from the undegraded dense..and ; mainly. ev rgree rrEorgdts.

"”The dlstinctlon lS all the moreldlfflcuLt when‘degradatlon is;less

accentuated or when the secondary vegetatlon has neached.anxadvaneedi
Lt LT Lar 4T .
‘stageu Slnce all vegetatlon phases appear, betweenathls unitrand the i
}.‘=,| [UL I
prevleus one, pheir dlstlnctlon often_lnvolves 2, largegpart;efwsubjective

Sraidation. AT L

4.3 .., Note on the ,semi-dense Forest or mixad: deciduous ‘férest

LA

. s . ‘v"'.
'a--ﬂ“'*-‘rﬁ-’~_,,,_. ar :..,

J2 0w Vegetatidh maps: &f the Mekong ba51n dlstlnguish an. 1mportant

AR BEEE v

{¥egetationruniE Whlcﬁ”'ln v1ew SE its aspect and florlstic cha acteris—

PR ILAw - Jact ]

tics, ystands' as- a'trénSLtional'type between the dense evergreen forest

T ,..'.-

and.ithe épen ‘dedidudis ‘Forsst, These woodlands are malnly composed

o AL AR § U

& I
F - PN i
of deciduniie: trees -fhedding thelr leaves over-a ‘very short perlodg,,\%
Some 90 per cent of the specles lose their leaves and for some 55 per
cent of these the leafless perlod is shprterﬂthan a -monthrsr ,The monthly

o e b PR AL et B e T F S

“"rhte of ieafwdrop reaches a max1mum in February, (85 per cent); (Ref, 1.
T g YJ- i n’ N ¥ )

on' dry seasdn 1ﬁages, this type of forest correspondslan generaleter -
dark shades, most of the time rather s1mllar to the grayi shades. giyen™

by degraded dense forestsn Ik is, only durlng eﬁshort period.in Bebruary

-+ _J.

when most of the spec1es are leafless that the. shades tend_tpumerge with
the lighter shades of the open dec;duous foreste Because of the dénse’
and generally thick undergrowth, shades however tend to remain darker.
These changes in shades are often dlfflcult to dlfrerentiate, requlrlng
a study of the whole ctime serfés tand satellzte lm;§ES “of good qualityo
Th}s type Qf forest is all -the more.diffieui€’ to‘cateQOrlze Ehrough an

1nterpretat10n of satellite.dmagess Tt can, - accordlng %G - reg1ons “ind -
for phys1onom1c reasons, look very similar -efther “£&" denge &nd” malniy
evergreen forests or to open deciduous forests. While a distinction

may be made in a few areas, it cannot be extended to the whole basin.

JIn view

E


http:unit:n4.he
http:dega.a.on

In view of lts phys;onmlc characteristigs, +thisg vegetatlon
unit chn’ correspond to farious stages of degradatlon and cannot i

general be dlfferentiated from units l or 20 S U B

i s PRINU L KES

e . :
- . e . L =
Dol LTI N LR LR ®

4.4 Open .and malnly deciduous forest

- Forests’ correspondlng to thislunit are cnaracterized by trees
with crownsirarely’ touchingdand an herbaceous ground cover w1th reduced

or non=existent brush wdods s e whole, "this’ formatlon can compare

Tada

with fow ~dernsity-Forest although ‘dense stahds aye found in some places..
It;can .appear’ as-a "dwarf Forest™’ or ‘48 a tall»tree forestn‘ During the
Ldry «season,i It I§ oftén subjected to brush—flres which burn the grass

CovVera

3ome 85 per cent of these forests- are comprised of deciduous

i s

e . v

specics, a lgrge number of whlch lose thelr leaves over-a long period
(the” period without leaves for 70 per, cent -of thege iy abgve one monthl .
The highest percentage of leafless specles is reached An February 85 °
per ‘cént) (refn 139 Since most or these species belong -0 .the Ffamily-

Dlpterocarpaceae, thls unlt is generally known as Dry Dipterecarp.

R : Y .
forest. . . . T s Tt a . Toe
., Y - - : .A'..‘- R ’

Sien In view of its phy51onom1c characterlstlcs, thls type of forest

can-gasily be identified on dry season plcturesc During thls period,,.

......

it corresponds 'ih general to thé llght gray shades of band 5 in, marked
contrast with the’ darker- shades bf densé and evergreen forests.= _ The
a: various :shades ..of grey correspond in general £o’ dlfferences in densrty

rof thertree cover. ' Areas burnt: by flre are represented by very dark

o2
PR *

patches. - "~ .. .=~ C X

- Y

- 123 * 1
R LT .

i;S‘fhv"uyen and mainly deciduous forest, degraded e e om0 e

Thls unlt correspones ‘to -areas having-a suffic;ently 1mportant

-|:
tree cover to glve a visible and;mappable,lmprlnt on satellife’ plctures,

e .
1 =, * ' I
. Lot

even when fully occupled bY crops. oL oo 0 TR S e o

e -f—-.»- -
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- #% ras. ALL! stages~of-cleaking-ahd agrichltural 'fakéover can appear
- . o N - B o
in-openiforests. ~ Thesé coftéspoud té-the various'shades of gray,
i ‘he Fie i TR b LYK b Y
becoming=1ighter as th& tree covef is lﬁéreasxﬂgly‘degraaed‘and RN
N L

occupy a larger ‘area. It is schmetimes difficult o determlne Che
extent of the degradation in thlS type of open forest and the delimita-

tion'of -this drea”invsIves & large part of subjectlve evaluatlona

Tu even 7

-
- P SOV o
RN SO o S R B S : I e

4.6 Savanna and well dralned .shrublands. T T ST I

v .o L.

The vegetation in this unit is composed elther of grassy

formations, scattered shrubs, or a mixture of these,two.formations.. :

aa v d LT g MO

Tall or dwarf tree formatlons are scattered or non—eglstentn This

14 '

unlt*cornesponds in general to “the llghtest shades of grey in band 5

e AR 1

The extent-of'cultlvated areas cannot be determlned Sane they too

. by STEtALE

e - N r

~Ha¥E a2 strong radiances

.~ . B | . se g Ceer wy Tay Tt L.

4.7 Woody and shrubby vegetation (Thakhek limestoné dfea) ° e

The Thakhek calcareasous limestone area constitutes a remark-—

b

= et

< 2 aBletulit’ whebe the 'following two Férmations’ arée found"on rocks, a

- .
. m ey e .
prREbART o, £

3
clkaggy ‘bish végetation which loges most SF its leaves” durlng the dry

sess6R; and-en limestohe screes which’ have bullt np-at the foot of ;

the cliffs;"a’ dense forest;3~Dark sHadés- of grey whlch charaéterlze

sthis ‘region 'are-attributed to*outcropplng 11mestones on whlch vegeta—

L S . oY Ja. Y 1. Y T

stionvig-very peorlerhnon-ex1ste1t

- -
DT} DAL RPE CONL A W G- S

I‘{ﬁ e
This unit groups a number of -heterogeneous vegetationZfolma—

4a8,ﬁﬂ ) Open mosalc vegetation, - -~ 1. CAIIMIAS I aiwvs e

tions which can hardly be distinguished from each other since they

give closely similar radiances on satellite plcturesem They- corrass

L Ay

pond to a mosalc of open evergreen or deciduous forests (generally

.»-I_‘-‘-,'_‘ ae=Tla

very degraded) conlferous woodlands, bamboo forests, secondary for-
viee -- Fowor R b el B B w LRV R R

tlons, or nore or less WOOdy savanna and croplandso,,

PO .- - L
Y vzt o it LT

Tt “f&,., R .-S‘ rr‘ “ AL T T

i P R+ T I T S

R /These

S
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( These formations have been mapped mainly in the mountainous
regions of narthern Laos. Thelr description 1s difficult, since no’
_grsund truth control could be carried out with the exception of a F

very fey limited areas-fer which ‘photographs arc available.

On dry season images (band 5}, this unit corresponds in
generai to a dark grey to light grev background with very similar

= .

radiances and very uncegtain limitse:

4,5 Croplands

Under tﬁié‘uniﬁ are mapped regiens characpgrized by a high -
percéntaée of ewltivated areas and by the paucity of woody or bushy,.
cover, It inclides rainfed and irrigated croplands as well as crchards.
Secondary formations (brwsh, grasses) can be rather important, especially

in the uplands.

On dry seasen images, harvested ricefields have a high radiance
which is all the more apparent because the soils are dry. In band 5
tﬁese generally correspond to very 1ight grey shades.: Rainfed crops
which are usually closel& interspersed with fallow lands occupied by
secondary formations givé grey.shades which depend upon the vegetatiwve
éoﬁdition of crops and the density of secondary formations.. Harvested
ricefields and.rainfed creops can be differentiated on some good gquallity
pictures, but LANDSAT I pictures are not good enough to.-extend this

distinction to the entire -basin.

4,10 Large rubber plantations:

‘A small percentage of cultivated lands is covered by tree
plantaﬁioﬁs, of which rubber plantatiéns are the most important in the
Mekong basin. Varioué other tresz plantations exist in the basin, but
these could not be seen since they are of a limited extent and their

characteristics are very similar to those of the surrounding areas.

/4.11
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4,11 Woody vegetation and seasonallygfiooded:areagf”;-‘ s .

by . Woodg.formatlons cor1=spond1ng ko this unit are typlcal of

N .

by_a,lgyergoﬁ fresh.watep‘ol Ve;ymng.degthey;Thesextorrespondfto‘ -

moderate L¥ poor, woodland forming low thickets with-nearly:.stouching’-
crowns 1n Some. placeso Because. of excessive-lumbering, Thisgdmie” -

‘v_--..v-»-‘»-r-u- e oL mT

nowadaye is in most cases represented only by bushes. These formations

S e -yt I I eyt ot T L the ot oo e,
aré! partltularly well: néphesented in’ Kampuched sud’ ih sohe depro551ons
- =L, u) ae § <, R N n‘f :‘H'ﬂ
adeng-the Mekonge: - -1 I o TR VLD 2y St ol Z
wf b 2 gl bee I T BN TR A SO IE R SR LS A

Iﬁ_bend 5 plctures, these forests glve in general yery, dark
R :

- e Wi potcd s B

T L |jJ'H..l.-’
.ughades, They reoresent the vegetatlonel cover but also, to a la;ge
=k Tp ¥ - - {-’, {Jt . _- ,_— . _-c

extent the véky 51go1flcant hydromorphy of the 5011so - .

R T

]

s

4,12 Grassy vegetation and shrubs of hydromorohls areas

r a3 S Py

H hRY
ot M_oT e ke ™y - e

e R A T T

In poorly dralned areas, 1n swampy depre551ons, and on hydro-

‘morphlc 30113 1n general,_whether these are permenently flooded or not,

1

by ’ LA LAY T

theké appears ba grassy vegetatlon w1th shrubs Wthh could gesult Irom
" l;_i,;{'« sl
e degradatlon of flooded forestsq Because of the absence oz the
oL Pl e D

‘“pauCILy of a woody strate, and of & less exten51ve hydromorphy, ﬁhe

\‘.
-

!grey Tshades In the™ satelllte 1mages are llghter than those correspond~

*r S A A""-“.u_'

- 2 a Mook, T
- lng'%o the'preVLQus undE,

. PO Len P - ' P, ol S r B
0, L. Al ., P

:‘@513“5"“Lﬁen§k5ve‘
The most extensive mangrove areas appear along the Mekong

delta c:o;.stu They are composed of a rich vegetational formation- whlch

b

is spec1l1c to permanently water—logged solls subjected Lo tldel ihun=-

dation’ “The tred spec1es (Rhlzoghora and Avlcenn_a) afe hlghly
'spec1allzed For life 1% salt-wétér areasn In vlew of the partlcular‘
IW
condltlops under” whloh Lney growi %hese forests are easy to map, )

r, o oy

formlng very ' dark’ shades of gray° Defollatlon st rlpes uncoverlng T

‘Q - L(
ARl R - PRI

wateruioggedt50113'appear ip’ black colour’

. PR Lo N TP e R SN L S .
i w0 ""..‘-‘;' oy ETR 4“!'-‘"" i . . e ml e e - A S
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4,14 Fresh water mangrove - -

. This formation is specific to more or less water-logged soils
with a generally high organic content and high acidity. ‘It 'is sheltered
from the highest tides and the replacement of water is a!lglow process.

The vegetative  cover is usually composed of very open evergreen ghrubs

or low trees, with a high percentage of Melaleucs leucadendron.

. On satellite pictures, this formation is not clearly distin-
gulshed from mangrove or inundated forests. Considering their extant
and the spec1fic ecological condltmons under which they grow, we decided
to plot them on the map by comparing the LANDSAT data with those of _the
vegétation map of Viet-Nam published in 1969 by.the!Dpalat Geoq€§Phlc :
Service, - A B ' S

4,15 Vegetation and altitude

Altitude Brings about changes in the struchture and especially
in the floristic composition of the vegetation cover. In Viet-Nam,

M. Schmid (Ref. 2) coﬁsideés that montane vegetaéion definitely sets in
at an elevation of 1,200 meters. In Laos, J. Vidal (Ref. 1) feels that
the moﬁ@ane strata starts at 1,000 meters. Since they are essentially
of & floristic natufe, the veriations causeé by altitude are not visible
on satellite plctures, but in order to give an approXimate idea of the
montane sector, the 3,000 fool {(about 915 metres)! contoumr line has been

drawn on the map.

CONCLUSION

Determined by their aspect, the main-yegetation units of the
lower Mekong hasin and the land défeiopmehé conditions have. been mapped
by ihtefprétation of LANDSAT~1 data. BY interpretation of the various
shades of gray observed on satellite images, it was possible to map
the den;ity of the vegetation cover. The study of their seascnal
variations makes it posgible to distinguish between mainly evergreen
and mainly deciduous forests, In the Mekong basin area, these are

generally related to the density of the vegetation cover.

/Man's
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Man's intervention, through the changes it brings to the
vegetation cover, 1s visible on .atelliteée images, though the various
phases of this activity are sometimes dlfflcult to make out and can

thus be_, a source of confus:.on in the mapplng of vegetat:z.onal unltso‘ )

e * " In view of the sbsefice.of documentation,” the impossibility
of carrying out ground f£ruth’ controly, and the often poor quality of
some satellite pictures,-it was impossible to give all the precision
required to the map and to the descriptions of vegetation units in'

some areas.

Considering the extent and the diversity of the lower Mekong
basin, we do not claim that the best possible use has beéen made of
available" satelllte plctures, but a more precisge and more detalled
study would requlre more 1nten51ve ground truth controlhwhlch was not

p0581b1e whed these maps were preparedo

VI. ' Arnéx: Dynamics of vegetation succession

_th notes and dr;wings presented in this annex were communicated
by J. Boulbet (Ecoie Francalse ﬁlﬁxtrémg Orient). These notes constitute
an excellent guideline for the understanding of the vejetation-
cover, and we thank Mr. Boulbet #or sharing his long experlence in the

Mekong countries with us.

" 6.1 ' Regressive evolution

ﬂGmiaL : Degradatiéﬂ.through regqular or-tnaditibﬁél-cleariﬁg

2o * The followmng schematlc draw1ngs 1llustrate the stages in

[

vegetatlon succession through which the vegetatlon evolves £rom mature
- q‘—‘ o

N cllmax forest to varlous forms of degraded vegetatlonn

-

g¥
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l. Dense sfends of tall
trees w1th an evergreen
tendencyy hygrophilous.
Height = -35-50 m

2. Cleared fallow land;
develops from thicket

© to copes te secondary
forest with an ever-
green tendency. Height
1-35m

P2
=~
-t

"“\k—:—%’":on‘a;oo.a-a-

.,...'.‘. -

3, Anthroplc savanne

{Imperata, Eupatorium)‘

+shrubs and thickets

. - =

CATNTTNATN S )

$F — i F

- nren i i r),n.._\,l’v W
y2

e )
1, Medium evergreen

dense stands appearing

on hills or medium

elevations. Heights 25-

35 m - -

2. Forest fallow lands
evolve from thicket to
secondary dense ever—
"gréen-forest; Heiéhtl
= 1-25 m.
Height 1-15 m °

Bamboo foresE:P

. T. ? T
cteaadndn Ly
3

..3¢ Mixed pble stage

forest (semi-dense,
seml deciducus intru-
310ns)° Height =

1-20 m

VLV L V)

%ﬁ%’:ﬁj}l‘?rzﬁ N “ﬁ%ﬁ M T vy 'VT__H\J' _> |
, p e

1. Sob-dry deciducuns’ ,
forest with mlxed in-
trusions (seml—dense
and seml—deciduous) Height =
with dense galleries.

Height = 1.5-30 m.-

39

2 ?:ich"‘opéq‘forest
with mixed intrusions

and dense gallerieso

3. "poor"_ apen,

forest with |

4
I S“Cant]:

savannah, frag-

graminaceous . mented with
15—25 Mo undergrowthu here and there
Height = 10—15 m. a varying

number of trees
{special pedo-
edaphic
conditionsl).
Height= 1-10 m.
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L.

—— § A

Deqraditich BY antual burning (fire-climax)

1l. Sub-dry deciduous
forest with mixed
intrusions (semi-
dense and semi-

deciduous with dense

2

2, "Rich" open
forest with mixed
intrusions and
dense galleries,
Height = 15-25 m.

<
.«

"3, MPoox™ open

forest with
graminaceous-
undergrowthe - 7
Height = 10-15 m.

':fh{i;“1:GTi “**’;T“;ffT*iT' 5551 T T

yiu

4, Scanty savannah,

fragmented with here
and there a varying

nunber of trees

{special pedo-edaphic

galleries. Height =
15«30 m.

VIS 1 A S I

1. more or less dense pole
stage forest (with very

locallized climates: edge

or transition.vegetation).

Height = 2-10 m.

S A A I :i __*"_9:‘_._.:.._._.—-.‘..

2. Low pole woed,
open and'miged_with

savannah. Height =

¢ 1=5 m.

3

. conditions). Helght

- ——

Js. Savannah with
thickets and shrub,
shrubby step or dotted
withlghrubby trees.

"2 Height = I-5m

&,
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Balal Degradation through clearing and annual burnings
i o s s s s s —— e e e e e e
1 2
1. anthrople shrubby 1 2. homogeneous savannah
. : : ' . ..
savannah . with Imperata
NV MM b e e M oMol 1o
R 2
RN open pole wood, open 2. discontinous savannzah
- xerophilous bamboo with various Graminaceal and
forest . -a varying number of scattered

treess; intrusions: bamboo

growths and copen pole wood

6.2 Progressive eveolution

) atrias T 3 2
AT WL&C[)'%;, if)"‘a"(P'W ”,’Z’?

1., ‘dense thicket (formeriy cleared and cultivated land now abandoned)

to all secondary dense patterns. Height = 1-35 m. =~ °

S AR ARA hind

2. from savanna with trees to open "rich'" mosajc forest + deciduocus

semi~-dense forest,

“#/
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3. . from bamboo forest - pole forest to mixed forest or the mosaic.bamboo

. forest + mixed forest .-+ semi-deciduous forést with Lagerstroemia.

ok

v

4, from savannah with ImEerata to shrybby. savannah: with. Eupatorium to

braﬂe and secondary forest brake (dense low or medium height secondary

T fpxjest)u Hg¥ght 1-25 me . -

6.3 Definitions
1. Dense and mainly evergreen forests (or with an evergreen tendency)

Tall 3-layered stands of forest vegetation with an inter-layer
of creepers and epiphytes. According‘to bio~geographic conditions, the
top layer is more or less impertant, reaching 40, 45 or 50 m but seldom
more. This is an irregular layer characterized by emergent dipterocarps

(various Dipterocarpus, mainly D. alatus, plus Shorea, Anlsoptera and,

Hopea), Sterculiaceae (espec1a11y Herltlera Javanlca} and glant Mel;aceae

on basalt soils (red soils). Other spec1es are not typlcal of fthis

formation (Irvingia, Picus, 1arg= 1egumlnous plants Doen'2= In contrast

'
LR

.to the -emergent layer, the main layer is contlnuous Wlth touchlng cnowns.

It is-mainly“tomposed of the families Guttiferae, Saplndaceae, Mellaqeae,

Apocynaceae, Sterculiaceae, Moraceae, Lauraceae, and Myrtaceae.

/Intrusions
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Intrusions of semi-deciduocus species are linked to very limited
modifications in the bio-geographical environment (general topographic,
edaphic and pedologic conditioms). These intrusions are characteriszed
by the zbundance of some leguminous plants, by the appearance of

"Laqerstroemiae and Tetramelas, the famous tree with huge buttresses.

These 1ntru510ns are much teo logalized to modify the overall aspect
of the Forast’ whlch, as a whole and from a descriptive angle, can

reasonably be considered as mainly evergreen.

2. Dense evergreen forest of the hills

This forest is composed of more homogenous but lower stands
than;?he:gqevious type and is composed . of less. stout trees (except on
_a:feﬁ shellves or cultivated valleys). The layers are the same as those
of the previous type but are not as well sépara%edb: Wiﬁh elevation,
the large dipterocarps become scarcer and finally disappear while

Lauraceae, Fagaceae, and Magnolageae take a more important place.

N TN AT TN S
IR el P oo
A ! *

3. Dense semi-~deciduous forest

Pl LY

a) ’ Hfgropﬁiloué pattern' these are forests w1th a hlgh layer of |

emekging urees_andnoften mlxed -lower layers, the' creeper and eplphytous
inter—layer is well represented “The upper layer, somewhat less hlgh ‘
but moére homogenous than in wnit 1, is malnly composed of Lagerstromlae,

Tetrameles, Pahmdia, FlCUS and Irv;nalao Large dlpterocarps appear here

andtheré’as intrusiohs. The subwstorles are evergreen with a large

- number of rcreepers.

/b}
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:b) . .Semi-densg end“semi—decidﬁouéepetterne%ivtﬁeeeﬁere homogeneous

stands of Lagerstrcemia with scattered individuals of;tne species listed

’in pattern 3a {plus Egigi)a The undergrowth 1s comprised of pole trees
“through whlch sunllght can pass; the trees are of average helght and

’the shrubs rise w1th clearly separated stems generally wikthout tangling
or overlapplng Storles whlch do not create horizontal layerso; Creepers

" and vines may here and there be clearly represented and sometimes attain

very large size.

4, Sub~-dry deciducus forest or "rich" open forest

[ — et

[.T.7.7.

The trees of the standard’south:Indothina’oben fordst are mixed

species which. adapt very easily to the enviromment: .Xylia, Dipt.

intricatus, D. obtisufolius, Ceiba, Entada creeper, Terminalis, and

sometlmes Plcus and Irvingla. The undergrowth is elther .herbaceous or

composed of 1ow pole trees with Cretozzlon° Here and there appear
stands of Corypha palm treesg.

"o *

5. 7 Open forest''or savanna with frees

TTTTT
-

'hée 15 the soutﬁ-Indochlna open forest with, Shores obtusa,

.

Pentacme 51amen513, Dlpterocarpus tuberculatls and Termlnalla tomentosa

with a gramlnaceous undergrowtho )

/60
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6., Clearings, savannah, prairies or-prairie-steppes (discontinuous

savanna) . .
A

These are Cllmatic herbaceous clearlngs similar to those found
in v1rgln unaccessible or unhabltated forests, marked here and there
by clearlngs in places where blo—geographic condltlons prevent the
‘establishment of a forest cover. Patches, gallerles Oor narrowv trunsitional
Jformatlons at the edges ‘constitute low pole stands or bushy formations
with Myrtaceae and Melastomaceae.

! . y .

7o Anthrdpié formations

These are formations which have been largely determined by

human activities; they include:

- Dense thickets on former clearad and cropped land which is now

abandeoned.
-~ Thick copges and young evergreen forest fallow lands.

. - .Secondary young dense evergreen forest with undifferentiated

. layers.. . ' o T . - S

- Stdbilized adult secondary forest with more of Tess differentiated

stories; mainly evergreen and dense.

—- Pole tree growth (Melastomaceae, Myrtaceae, Cratoxylonae) on-land
formerly cleared and cropped under marglnal or too. lnten51ve

conditions and now abandonedo

- Anthropic savannah: this is an herbacecus thick and homogenous
formation that appears on lands that were formerly too intensively
grubbed, burnt or cleared. Often Imperata, the main element,

'_15 mixed with Eupatorlum shruhs and Leguninaceae to constltute
'a:"rlch“ savanndh ‘or with species of " the prev1ous pole tree

stands to create a "poor" savannah,

/Note
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— Reconstitution schématique du climax probabla’

(schama 1)

Haute futsie dansy ‘hyg raphile a fendance sempervirenta ; h= 40750 m
Futuie dense sempervirente colliodenna bossa au moyenne ; h = 85/35m
Torat danss sempervirants de bas-fand { palmisrs) -

Forét dense semi= décidus ; h = 30/40 m

For3t mizta { foret aemi - dense, sami-déeidua}

FotBi basse, cub-séene, décidua ; fo18t claire "nicha ™ milée de perchis

Forét clra "pauvre” 5 savane arbares (sous - bols & Gromingas };h = 10/15m
Sovunle mardcageuss

Clairidra harbeuag , sovdne - sieppe

U

Schigte

Massif do

POLDOUT FRAMA \
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Note

The "mosaic! vegetat:l.on .,tands where various, formations are
interspersed in patches or fingerlike formqtlons w1th a compllcated
design, of are mixed in such a manner that no formatlon clearly pre-
domlnates, are schematlcally represented by 1ntercalat10n of the

symbol of each of uhe respectlve formatlonso

A

Conclusion - - . : .

The separation between mainly evergreen forests and mainly
deciduous forests th.rough :Lnterpretat:.on of satclln.te :.magery seems
to correspond to the separatlon between hygrophllous patterns and
seml—dense and sernl—declduous patterns of the dense semi-deciducus

forest.

/B
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B. PEDO-GEOMORPHCLQGLC MAP

o -."-

The origlnél plan of operatlon prov1ded for the Dreparatlon of
hydro geomorphologlc mape. Results obtalned 1n thls flald are of
only llmited use in view of our insuff1c1ent knowledge of the geology
of a 1arge part of the basin and of the 1mp0551b111ty of carrylng out
ground truth controls. Moreover, the use of satelllte imagery for a
study of floods is rather restricted during the rainy season because
of the very extensive cloud  cover, often over very wide“agpdabilom

It appeared however that a pedovgeomorphologlc map could very
easily be made on the ba51s of satellmte data prov1ded lt was prepared

through a close comparisnn Wlth avallable pedologlc documenhs.: .

r - =

PN - -

I. Documents used

The pedo—morphologic map was prepared primarily on the basis
of 2 types of documents. Satellite picltures were used as the basic
data, while pedologic maps and sometimes .geological and topographic

maps were used as reference documents.

Most of the imagery used was supplied by the LANDSAT-IT,
including black and white positive transparencies corresponding to the
various bands at the 1:1,000,000 scale and composite coloured transpar-
encies at the same scale. The most useful images are from the dry
season,especlally during the months of February and March. However,
the study of all other pictures taken in the course of the vear provided
a wealth of information, especially for the study of seasonal changes

of humidity in the soils.

Main pedological reference documents were:

- the general soil map of the lower Mekong basin

1:1,500,900 (van der Keviel.

~ the general soil map of Viet-Nam
1:1,000,000 (F.R. Moormann)

/the general
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- the general soil map of Thailand

. 1 1 000,000 (F.R. Moo_mannand Sz .Rojanasogsnthon)

S T S AT :

T “.-pgnthe*generéldsoi& map-of Cambodia ' .
- F . 1 T 1

LEENS 3 e C e

-
.-

1:1,000,000 (C.D. Crocker)

- detailed pedological maps (Thailand) P e

e g e ew e e n

1:100,000 - prepared for the various Thail provinces.

Ty

- S
L N R 2 5
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bedologic units -are. also described;em the’ badik efthe Hedirock

W Y3 L EECRR I P hae

and the, morphology glven in:, .o b+ F o0 T adelte
far . 7 2 e draft geologlcal map of the 1ower Me]cong ba51n~ L

g I AR

CoAfe g, 600" ooo*(unedlted) DiR. Workman

. . Ehe:"cante geologiaue ‘da-srdconfiaidsance de la Republlque khmare!
[
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wigay s Various topographi & imaps at -the L 50 OOO and 1: 250‘000 scales

Y
-1, K K

- b ] AETIRRUNEAE Sl i . 04
weare also consulted. T -
oay To- TN L. AT S 0 B B SN SV
Ix. Methodolo . S pr iy med sty ndfu
cisi wrofhesgemparativel study of availapié Soi1 maps and satelllte data

wshows thab therevls often:al relatlanshlp between the varxous shadeé of

i

grey observed on satelliteiimaggs and’ the Yarious pedologlc unlts (soil
associations) glven cn the maps° Thls study makes 1t pogs;ble to
improve ERé dellneat1on of the 5011 types. Mcreover pedqloglc anits

e e i
in‘soma’ of‘the lesser known reglons of the bas;n can Dbe. sogrrected oo

-

e Pt e e -

through S geomorphologlc 1nterpretatlon of satelllte imagerye | .-: -

Fren, Jadle -

This methecdology brings about a double precision:

»1:‘ i SRR JE - oat

Y P R A

~ improved delineation of spil unita glvenkon,prgyipps maps;

g‘t a.-. ’-'--

n---:.‘-..‘:',; yEE T, ey s
- new mapp&ng ofrsome .areas. which could not be ‘properly Studiad

earllera e ws Y T, - e a maTmi
D . i” . }l- I PRI R T A Y 3
-A. comparison ©©f - flgures 17and” 2'shows how pedologlcal maps can
- ™ - *."\,' »
Boaatie -

_be improved wiith:the help’ of ‘satéllite :.magerye
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LIT. Control

Resul-ts oixinterpretation carried out for Ehé ﬁreparation of
this map were confirmed by ground truth controls in-the north-eastern

provinces of Thailand. ) ot -, =

IV, Description of pedological units

.

We retained the FAOwUNESCO nomenclature used by W. van der Kevie
in the Generald'Scil Map of the lower Mekong bas:t.n° (A table of cor-
respondence between the legends of the various documents used 1n our
study is given in the Annex). 5011 descrlptlons have generally been
drawn from the déscriptive legend whlch acc0mpan1es the aboves

3

_ Each pedological unlt corresponds to 'a group of Solls or to an
association of soil groups composed of a major soil group coverlng more
than 50% of the map unit and of 1 or 2 other secondary soil groups

(at least ZDA each). Soil groups covering. Tess than 20% 'of the unit

are mentioned as 1nclus;onso

4.1 Indifferantiated alluvial soils

wor - reweE- s

These soils are limited to the central.part of the Mekong delta.
The relief is very, flat. .The soils are -characterized by water-loggling
or hlgh humldlty throughout most of the ysar.- 7

The varibus soil categorles which appear in the delta on the
general “sofl map of the lower Mekong ba51n are cla531f1ed primarily
according to their’ ac;dlty and could not be dlfferentlated through .
interpretation of satellite 1magesn

4,2 EButric fluvisols

I

These are found in receotly fogﬁéd alluvial areas constituting
bank levees along the Mekong and on sandy islands in the river. Thin
strips of these soils also appear along most rivers, though these are
often too .narrow to be shown on a maps Their extent may be more

important when gradual or rapid shifting of the rivers has taken place.

/Series
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Series of natural levees are then formed, 1nterceded by 1ow—1y1ng

aréas-that are sometimes marshy and often hydromorphousa These 50115

‘-

do' Aigt Eppdar in the lower- part of the Meskong where tldal influence

is fekt,- lncreaslng in 1mportance fowards Kampuchea, The rellef, .
e IR B
which 'is-in general sllghtly undulating, varles from less fhan a meter

o

to a féw meters above the level of surroundlng alluvial formatlonso

These solls can be flooded for short perlods at the peak qf -the rainy

Ty ,'1

seéeon, but belng located somewhpt hlgher than the water .leyel, they .

are typlcally well dralned . . D R

S et

 Butric fuIV1sols are developed 1n COoRrse alluﬁlum 1=fE by
ater when floodmng over r:.verbanks° helr texture, varies from -loam
to clayey locam. They have no diagnostic horizon, but in exceptional

cases a light horizon can be seen. Hydromorphy ieﬁlowp The organic

matter content varies with the profile, but is‘gezerelly low.

- [
i . 1

Inclusions are essentially:composed-of: éutric and mollic glay-
soils localized on more poorly drained alluvia found in depressions

along the banks.

On satellite pictures, alluvial levees appear clearly when they
are sufficiently large.  They correspond to light'grey shades contrasting
with the dark grey of the very humid lowlands -which usuéllylﬁorder them.

4,3 . Eutric fluvisols, saline phase, associated with ‘eutric-gleysols

“These solls aré found mainlﬁsiﬁ depreeeions sﬁbjéééed‘to tidal
influences and located betwesn fogsil beaches fh the Mekong delta. They
are partly flooded by brackish water during hlgh tides and sometimes

by sea water for part ‘of the yearo Dralpagelle_rether PoOLe =, .

- These’ depre351ons, which are alwa'ye water—“ogged or very ﬁhm;a'
appear clearly on dry séason satellite 1magesa Thelr very dark shades
in Band ‘7 contrast with the very 11ght shades of fossil beacheso v
However, these soils are difficait ¥ dist1ngu1sh When they occur in
very humid flat areas where there is no alternation between fossil

beaches and depressions.

/These
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These soils are totally different from_the previously descrlbed
eutric fluvisols because of éheir generally clayey texture and.their
poor drailnage. Tﬁé%; profile is weakly developed with -spots in the
upper part, anq“£hef have a deoxydized and loose clay horizon at
shallow depth. The A horizon has a dark grey colour vhile thé-next

horizon 1s grey. These solls vary from moderately acid to. neutral.

N ! They aré associated with eutrfic gley soils that have a‘somewhat
bétter developed profile. The deoxydized and loose clay herizon

appears at a greater depth and has a fine polvhedric gtmaetore.

Inclusions are thionic fluvisols and gleyic cambisols localized

on old fossil beaches. °

4.4 Thionic fluvisols

These soils éfe mainly found in the low areas of the Mekong
delta (Plain of Reeds in. the east, Hatien-Rach -Gia depression in the
west). During the rainy season flooding is very- important; in the dry
season water may recede for a chort period over limited areas, but the

solls remain water-logged.

Very extenslve.dreas of these soils are alWays waterlogged, -
uncultivated, and genernally covered with reeds .or -other swampy vegetation,
and they can easily be mapped on the basis of dry season satellite data.
The\deléneation of thionic fluvisol§.;s'more difficdglt when thess
Eharacferiétiéé do not appear 5ﬁuimages; in such cases they have been

included in undifferentiated alluﬁial soils. ) . .

' ." These soils, which are also known as "terres alunées" (catcléys),
are formed on brackish sediments containing variable quantities of iron
sulphides. They have a clayey texture. The A horizon, which is thick
ana'%aries from very dark grey to black, iies‘on gray to greyish-brown
clays with large brownish—yeligw to iight yellow patches... They have a:

weak ko moderate-polyhedr;c StrlCtUIED,?ThiS horizon is found at a, .

/shallow
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:shallow depth on deoxydized and .mkddy clays®of a‘dark grey colour.
Thionic fluvisols are characterlzed by a very étﬁéﬁg acidity (pH
. from 2 to 3.5, sometimes even ldwer than 2 wﬁén drf) even in tﬁe
. Upper horizofr. -Aridity, however, is Far- from uniform and 1mportant

variations are foumd withinia+tdbstance of a Few hundred meters.

Inclusions: slightly less acid humic gleysols.

- —t—rar e

4,5 Th1onic fluvisols, assoclated with humlc Glexsols

s = d L
. e "

Satgl}iteJigéges.show an area, with rather homogenous configu~.
ration .and very fiat topography, which limits.the.Mekong delta in the
north and dlffers from unit 1 by a.less predominant water logging or
humldlty during the rainy seascon and a much drier condition during the
dry season. This area corresponds approximately to thionic fluvisols

_associated with gleysols mentioned in “the- general soil’ map of the

Llower . Mekong basin.

Ihésg are clé&éy and.poorly drained soils lying on brackish
ailuﬁiumg The A horizon, which. is thick and of. a very -dark grey-
colour;xiies‘on a éiayey and deep B horizon with a grey to greyiﬁh;
brown colour and with yellow and or yellowish-brown mottles. Most
_have _a low pH-which is in general.below 315 at 100 tm beiow’the surfaceg
However, extensive aread:which are somewhat less acld “and whlch could

be related to humic gley-solsy have been. incliuded in this mapplng unit°

4.6 Eutric Gleysols

‘ These'dre forméd in poorly or insufficiently drained river , -

backswamps‘as well as in the floed plain_of.the Great Lake, During. ..

the réiny'seaébn, ﬁide‘and‘extensivé flooding takes place. . o

_ This-sdil unit.can easily be jdentified on satelllte imagery -
because of its generally dark:grey <wolour: resdltlng frcm 1ts 51gn1f1cant
hulgidity, the naturally dark. colour of the scoils, and the flooding which

characterizes these depressions.

/The eutric
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The eutric gleysols are clayey, .thelr colour varying from grey
to bfgwhigh-gyey with large brown or brownish-yellow spots. Horizon A
is dark grey or dark brownish-grey. Horigon B is deep and well.strictured,
These solls dry deeply during the dry season and eoften show such charac~
teristics of vertisols .as deep cracks. Thelr pH varies from acid to ™

neutral. Base saturatlon is higher than 50%.

4.7 Eutric gleysols associated w1th Mollic Gleysols

These soils include most of the recent alluvial dep051ts in de-
pressiornis located aleng the banks of the Mekong in the upper part of the
delta and nearly up to Kratie. They are deeply Flooded for a longer
period than the unit considered above,  and are water—logged glmost

throughout thée year.

ihey can be differentiated on satellite imagery becauseé ef thelr
characﬁeriétics resulting from a more extensive surface hydrology. They
are clayey with a generally grey colour and important yellowish-brown
to brown spots. They axre characterized by a verf dark upperlﬁorizonq
The pH varies.from very acid te slightly‘acid but.the base saturation
1s above 50%. . ' h ) a

Iptrusions include humic gleysols with a very dark upper horizon,
a more acid reaction, and a lower base saturation and -thionic fluvisols

with a very aéid‘"catclay" clayey horizon.

4.8 Mollic Gleysols

These soils appear in old or recent fossil _beaches of the Mekong
delta, The relief is in general rather flat with a more .accentuated
micro-telief in a few areas. Though submerged by rain water whlch
accunmuiates in rice flelds during the railny season, these soils are not
flooded by river water. During the dry season, they differ by their

driér aspect from undiffe;eq#iated al%uvial seils. which are always wet.
. \

/Dry season
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AGRANDISSEMENT de la GARTE GENERALE des SOLS
du BASSIN INFERIEUR du MEKONG

REGION DE LA NAM MUN = NAJM CHH
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EUTRIC GLEYSOLS -

FERRALIC .CAMBISOLS ASSOCIES. A DES FERRIC -ACRISOLS

ORTHIC ACRISOLS ASSOCIES. A DES LITHOSOLS

ORTHIC ACRISOLS ASSOCIES A DES DYSTRIC NITOSOLS £T DES FERRALIC CAMBISOLS
GLEYIC ACRISOLS ASSOGIES A DES DYSTRIG PLANOSOLS

BLEYIC ACRISOLS ASSOCIES A DES FERRALIC GAMIBISOLS ET DES FERRIC ACRISOLS
ORTHIC FERRALSOLS e




INTERPRETATION des IMAGES du SATELLITE

REGION DE LA NAM MUN - NAM CHI .
Echealie [ 1.000.000

(5] eurme arevsous
FERRALIC CAMBISOLS ASSOCIES A DES FERRIC ACRISOLS

[18 ]| ORTHIC ACRISOLS ASSOCIES A DES LITHOSOLS

ORTHIC ACRISOLS ASSOCIES A DES DYSTRIC NITOSOLS ET DES FERRALIC CARSSOLS
GLEYIC ACRISOLS ASSOCIES A DES DYSTRIC PLANOSOLS

[2z]
Ez:[ GLEYIC ACRISOLS ASSOCIES A DES FERRAUIC CAMBISOLS EY DES FERRIC ACRISOLS
@ ORTHIC FERRALSLS :
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Dry season satellltewplctures‘glve‘fhe"hest reaults for thelr

mappingm .Molllc.gleysols seem to. icorrespond- ot Eire 11ghtest shades )

"‘observed ln therdeltaq; These result, "inter ! alla;‘from th”‘nature of'

PR

o o

fhe soil, its; low humidifyy :1ts Tow: or hon €xX¥stent’ tree"cover, and the

i
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ey

exten51ve.accupat;on of the "scil’ by rice’ £i6lds that have Been harvested

Tahon .

in thils time of the yearo Moreover, foss;l beaches . On whlqh these

generally appear fcAn easxly be 1dent1;1ed because of thelr specificﬂ
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S awﬂalllc~gleysols afe clayey and poorly éralned thelr colour .

o LEL g o

varids Eiom greylsh—brown to reddlsh—grey wzth an upper horlzon varylng

from wary dark:® gfey to dark reddlsh-browno Lower horlzons show numerous

.,‘l e

reddish—yellow £& brown motilds., The B hoflzon 15 well develq96d Wlth
moderately developed fine polyhedric structureso Reductlon seems to

take place below 156 Chte The pH varles £rom; slxghtly,ac1d tto. moderately

P alkallnen‘ These so;ls “can be sllghtly saline in the lower horizons.

St = p-‘; .-

Inclusions include eutric gleysols, eutric fluvisols and some

glgg;g,pam@beqlsw}pggl;;eé-Qn;rrdges with a-Toamy textiure. o
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4.9 -~ Humlc gleysols,.associdted with’ dlstrlc_g;eysols, ﬁét}icspﬂaee
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45 o sn'Thése are typicar‘of “the” plalns “located nofth-east of bnoul

B

{Kratie and Mondol Kiri provincss). They are water—logged durlng the

rainy season and remain humid durlng the dry Seagon...."The wree.cover

usually forms dense forestn e £ e § een B B P AR Ty s el Al
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gﬁﬂﬁmheseléfeﬂﬁafk CTafeyieafféJ They are rather shallow and.lay S
on a very hard lateritic pan. The upper horlzon contains a 1argé number
of ferruglnous CODCEEtanSe The pH is low, A8 1s,the base saturation

e i -;.

rate, Dralaage is DOH—EXlStent or Very. Poole, -
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4,10 Lithosols associated with haplic phacozems

! This unit includes very shallow soils on dbasalt piateaus'ahd'
limestone hills. The topography is variable-and-usualij ﬁefy accentuated
grollino or with steep slopes and escarpments). The soil c%vér is often
grqdéd, apd,the bed rock appears at grcund level or immediately'oelo%;

H

Thelr mapping 15 based on the geology indicated in varlous

documents and on the topography observed on satellite imagerys-

Most of the soils of this unit have a depth of less . than 10 cm.
However, stony and deeper so;ls of a dark colour and with a brittle .
surface ard often found, espec1a11y on basalts. They have a clayey to
oiaye?—loamy texture, The pH veries from neutral to basic. , The base

saturation rate is highe

£

Incilusions are pellic vertisols, calcaric camblsols and redzines.

4,11 Luvice arenoscols .

éhose are mainly- formed' on sandstones, granites and rhyoli%és ’
which, when weathered, give a sandy material ensuring very good drainage.
The topography is irregular:. flat to’ rolling (more or less’ eroded
plateau5° areas cccupied by elongated low ridgesl or with a large. number

of low hills,

On sdtellite pictures, these cannot be distingqisﬁed from the
surrounding ferric acrisols associated with plinthic acricolo {unit 21).
These two soil units have a low fertility and are usually covered by

opén'dipterocarp forests. . — L ¢

Luvic arenosols are very sandy, thelr colour varies from
vellowish to brownish. Their organié¢ matter content and their exchange
capacity are very low. Drainage is excessive and the water holding

capacity very low. These solls can be stony.

59,
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e Rendzinas agsociated with ﬁéliic-vertisolsﬂand calcaric cambisols

©

These soils appear on 1lmest0ne colluvzum and on marl ln practlc—

ally Flat dresss™ Thid unit is m;lnly conEt tuted by shallow and black

il

redzines. The ﬁ?per horizon, which is black, clayey, granular and

varies from neutial to basicy has a thlckness of 20 to 50 cm. I lays
IR IA tEeTPE LN ST L

A marlyands grévelly;honlzon‘ibasxean%n LTI e e

-

ghoedur 2

R reai MRt mon e n

In the ioWest areas; these are ganerally assoc1ated wlth pellic

vertisdls which are deeper, ‘have *a" clayey structure, and are 1ess brittle

Tom P R T

(thoﬁgh thE—upper“structure i'8 sometlnes granular)or These 50115 are

o
_____ ' ‘* et

very-stlckY'wheﬁVwet ‘and very Ward' when dry, théy show deep cracks durlng

SEognd

the dry~sea30n= The A horlzon, ‘deep, black to very dark ge ey, lles on

AT NN

scft markts or calcic clays: Tha*exchange capac1ty and base saturatlon

PRSI EOE S SL SN I A G S S

FR NUEE N
I .

R T T T T R SO P T LA L
Inclusicns: chromiC'CamblsdIS‘and‘lltﬁgsols on llmestoné: shallow
or moderately: :deep,. reddish-hrown,! deep;and:brittlei’dystric nitoscls.

[ [ e M, e L LW ceen
SeeF e Loy Firedsl’ BT SR S S, yre e oL N LY (R4
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4,13 Pellic vertisols assoclated with chromic vertisols LT

These are essentially formed on basalt bednrock w1th an almost
flat or sllghtlyrunaulatlng relief. In—Kampuchea‘they ard found around
the Kompong.Cham. and the Kratie basaltic . ranges'as well as.im'depressions

and. flat; areas. of-the-mountainous . regions'of-Mondol-Kiri. and Ratana-Kiri.

Small outcrops also appear in the north-east-.of Thailendsts- " - 15 740

. w.» -The vegetational -cover found in, -this'anit is generally’ a more

or legs degraded.mainly;evergresn-dense foresty < ., W .15 L ednky

- {r.’ N R E"::i PRI L SR ‘\’i!”\

LE I

Pelllc vertlsols have a thlck (20 to 40 cm) .clayey, Jblack.on.
p,- "“r Sa '(‘k.u* . *t

very dark A horlzon with mottles and fcrruglnou' concretlgnsq

i o LN
3

: Thouﬂgv '

Les b
.:‘ L T 1 o \;";y v

generally granular, the structure 1s polyhedrlca The pH var;es from,. .

FUaspas gt I EIES st S '

aclid to neutraln These so;ls lay on dark—reddlsh blown clays w;th 2 s

TEY, - oAt 15, - LEE [

34

neutral to alcallne DH and a large nUmber of ferruglnous concreta_oqsn
They are composed of montmorlllonltlc clays which swell strongly when

wet and retract when dry, revealing cracks and desp retraction fiss#res.

/They
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They are very sticky when wet and dlfflcult to worku Most of the pellic

™

"’1ﬂnﬁﬁ501“*dfe b“‘dl‘f“iirained°

B R R .- - E
PR o4 S o <l

Somewhat better drained, brown to dark brown chromic veﬁkisois

e s it ady
---—n.m—-— P -

are found in higher areas.

. -
- . , ~ P B
e

4,14 Glevic solonchake associated with . bhionic fluwvisols and eutric

fluvisols

ca b These are found along the delta coast in permanently waten-
logged areas subjected to tldal influences. Very poorly drained: and

.'_highly sallne,.they.are characterized by mangroves which facllitates:
Itheir mapplngn Gleylc solonchaks are composed.of fully deoxydized

muddy claysa Associated with these ares - . PR i L -

T .
— thionic fluvisols: potentially acid and with a high sulphur

content, these become extremely aclid when drained;

- eutr@p;f}uvisbls: poorly drained, tﬁéy drd differentiated
from gleyic solonchaks by their low salinity (condiictivity lower than

15 mmhos). O S

4,15 Gleylc camblsols associa#ed with gleyic luvisols .,

- ) These occur on the ridges’of old or.recent fossil 'beaches”
‘where .they appeir as.narrow stripé'normelli'ﬁsed by human settlements
and thus sheltered from £loods. ' ' '

Glaeyic cambisols are young soils with a pracfically undifferen-
tiated profile, They have & loamy striucture. The greyish-brown to’ '
brown A horizen lays on a yellowish- brown to brown or dark- brown B
horizon with'light mottles, Horizon C is light grey to light greyish
brown. The organic matter content is very low. The pH varies from
acid to neutral. Some of these soils may have a low sallnltye Dralnage
is normally ‘quite goodo Gleylc cambisols are surrounded by clayey .

gleysols ‘or fluvisols formed on marine deposits,

/Associated
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Assocmated gleyic Iuv1sols have s1mllar characteristics but
are found cn older fossil beachesa‘ rr‘hese are Characterlzed by 2 B

horizon with a clayey revetment, the clay content of which is hxgher

-~ s

than in the upper horizon.

-——.Inclusions: badly drained mollic gleysols, eutric gleysols

and very sandy and well drained eqfric regoscls,,

4,18 Férralic cambisols associated with ferric acrisols

These cccur in particular on middle alluvial terraces in the
north-east provinces of Thailand., Compared to s0ils of unit 22, they
occupy a higher. topegraphic position; althcugh—both uhits are parts_

of the same, terrace level. They -are also £6Ud on materials resultlng
from sandstone decomposition. In Kampuchea they appear on granitic
or sandstone bed~rocks, on thelr colluviums and on older alluyla of
the Mekong terracesa Topography, Wthh varles between undulatlng and

hlghly rolllng, is often deeply ‘cut by erosion.

.Rainy season satellite images available for some Eegions make
it possibie to.differentiate these soils from thoss of #hit 22 which

are generally flooded or very humid during the wet periods.

Ferralic cambisols are deep and characterized:hy a séhdy loan
and greyish-brown A horiszon covering a-brown“or light yellowishwﬁrown{
sandy loam or.sandy clay-loam B horizon. The claf content ih&reases
progressively with depth. ZIndistinct spols are sometimes found in the
lower part of the profile. No alluviai'clay‘is found. .Tﬁe structure
is very weak or massive. The alterable mineral content and the exchange
capacity are low. These §9ils are genérally acid- and have-a low organlc
matter content., Where subjected to a very active aslteration-between
wet and dry, these soils:seem“to be closely related to ferralsoels.

Ey

These soiis are associated w1th ferrlc acrlsols Wthh are qiite
similar’ to ferrallc cambisocls. The upper horlzcn whlch is also of the

sandy loam type, lies on a sandy clay loam horigon but the B horiszon,

/which
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which is generally'of a pinkish—grey to light-brown colour, shows
strong reddish’ spots and a 1arge number of ferruginous concret:.ons°
Clayey revetménts are sometimes founda

I _: .' oo .‘,: .

4,17 Gleyic luvisols associated with orthic luvisols and eutric

., . Gteysols

g . FE !

Gleyic luvisols appear in the lower parkts of the Semi-recent
alluvia of northern Thalland and on the colluvium of basic and acid

origin constitutlng the fluviat;le plain of Battambang- prov1nce

¢

{(Kampuchea) » ‘ - ' : .

Thenaa;eno crlterla to differentiate these soilsiFrom thcse
of Unit 22 on satellite images and their mapping- s mainly based’ﬁn ’

available.pedologlc documents. . Loe e S

These a}e gréyish—brown soils wi£h a large number Qé mottles
and a loamy to 1oamy~clay upper horlzon laying on a textural B horizon
well developed and characterlzed by s flne texture and by the presence
of clayey revetmentsex They have’'a low to medium organic mnatter content,

a low to medium exchange capac1ty, A high basé saturation, and an acid

-

to neutral reaction. Dralnage varles from average .to poor. '

These soils are found ln old river backswamps where they are
assoc1ated Wlth the better drained orthic luvisols of former bank

1evees and with eutric gleysols in the lowest parts Of the depressions.

Inclusions: gleyic acrigols and eutric fluvisols.

4.18 Orthic acrisols, associated with lithosols

‘ Stony and shallow, these soils oceur 4in areas marked by steéep
slopes .(mountains;’ hllls, deeply eroded plateaus) and more generally
in areas where the bedarock is directly or practically outcropping.

These are normally observed on intermediate or ac1d rocks. Where

/geclagy
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geology 15 not known, however, the study is based only on topographyo
In the same manner, the map does not differentiate.small llmestone
and basalt areas.

This unié can be deliheated through a study of Band 7 imageés,.
when it 1s conditioned by a marked topography. In low and feebly
undulating regioms, study of multispectral images makes itﬁﬁbssible
to det?rm}ne_lapge areas of outcropping or nearly outbroppihéhrédgéf“
because, of the scattered and generally decidiious freé\tover and the
’ extent of the grassy, carpet which dries guickly’ durlng>the dry seasonn
Tpe shades are grey- (outcropping rocks) or light grey’ (nearly out-

cropping rocks). .It.does not seem possible however,to dlfferentlate

in these areas the lateritic pans of the rocks.’

Most of these SDllS are shallow (5 to 30 .cm), acid (pH 4.5 to
6.5), with a loamy sand to clayey texture (usually loamy «clay}. In view
of the variety of pedological conditions (topography, nature of the
bed-rock, climate), great differences are found within thi's unit. Soils
ijéran;tes and rhyolites very often Fform sandy to sandy loam. ﬁabi%es,
micé schists, andgggaimentary'schists give more tlayéy materials while

sandstone often turns into poorly developed sandy soils. =~ -

Orthic.acrisols.are associated with very shallow 1ithosols (less
than 10 cm zbove the bedrock).

Inclusions;: rather young chromic cambisols, withcut textural B
horizon; humic acrisels with = high humus_content. -can be found.in the highest

hilly areas with high rainfall. :

4,19 7 Orthic acrisols associated with dystric nitosols and.ferralic -
™ éambisols_ ) - e

S ) s

"+7. These occur on materials resultlng from the weatherlng of variows
types of rocks (except ‘basic rocks)y as well as bﬁ'Bld alluv1um w1th )
sandy or loamy textwre. They are found on many dlfferent types of

topography, from flat to rolling, though most are fownd in hilly areas.

/Also
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Also covered by this unit are soils of the more or less wide valleys
of ,the hilly areas as well as the soils ‘of plateaus w1th undulating
to roliing:topdgraphy. '

On satellite plctures, no criteria seem to differentiate these

goilks - -from. those of.units 16 and 24,

w1 : P S
' Laying on such different bedrotks, thesé soils have varying
mo:phologicAcharacteristiCSE The typical profile is given by F.R.
Moorman. under a humiferous: upper horlzon, of a gidayish-brown colour, is
a yellow1sh~brown leached area. The twb upper horizong are clearly
1ack1ng in-fine. elements and have a loamy sand texture. - The underlaying

accumulation horlzon.has a clayey texture of red to yellow celcur, ‘and

:i'.

a clearly polyhedric structure, Many wvariations are ‘Féund on this’
typical profile. The depth may vary from less than a meter ¥0 several
meters according to the slope and the nature of the bedrock¢ Some

profiles can be very stony.

. Ferruginous concretlons are often found in the profiles. Tﬁe1
pH stays around 4.5. The base saturation and water retention capacity
l aqg low. These soils: dry deeply during the dry season and afe‘very'

susceptible to erosion.
Associations: ferraiic cambisoles and dystric nitosdls.

Inclusions: ferric acrisols and lithosols.

83

4,20 Ferric acr#sols, petric phase

-t

Ferric acriscls are well developad on old Ioémy to clayey
alluvium of the middle terraces in northeast of Thalland, They also
ocgggh}p Lao PDR over wide areas. ‘The topography of these‘areas is in
general flat to slightly undulating. ZIn these low lying- :regions, open
-forests and the absence of crops resulting from a very low fertility
ASE the Soil are characterlstlcs whlch can easily be identified on

satelllte plcturesa

/These
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These soils are characterized by a hafd laterite layer or by
a large proportion of laterite concretionshnear the surface or at,a
shallow deptﬁ° The sandy to loamy upper horizon is very gravelly but
often erdsion uncovers the hardened horizon. Thelr real depth normally

varies between 10 and 50 cm. These soils are acidic.

4,21 Ferric acriscls asscclated with plinthic acrisols

In VietiNim and Kampucﬁea,ufﬁeée.édilévdccupy oid sendy and
sandy-clay alluvial terraces of the Mekong as well as the plains around
the Great Lake. They are'also found in valleys;_on slcpe colluvduﬁ
material- and on sandy materlal resulting from weathered acid rocksn "

In such' cases they are often associated with llth050159’ The topography.

of these‘drieas is usually flat with occasional more uhdqletlng areas.

On satellite pictures, these soils cannct usually be differeri-
tiated from the previous unit since they toc are poor and mostly ™
uncultivable. The vegetational cover. is mainly composed of dry

dipterocarp forest.

#

Ferric acrlsols have a sandy to clayey upper horlzon, graylsh~
" brewn in colour with a generally very low humus content. A feebly-
developed B horizon is a yellow;sh—brown to 1lght greylsh~brown colour
w1th large reddish spots. These soils contain hardened ferruglnous g
concretions with a higher clay content., The water retention capacity
is low, :and.most of the. ferric acrisols are extremely‘dry'ahd hard
during the dry season. They are acidic and their exchande capac‘iﬁy

and base saturation are very low. They are highly erodable,

Plinthic acrisols associated with these soils.zre found in
particular in the eastern region of Kampuchea and in the part of Viet-Nam
where precipitation amounts to more than 2,000 mm per year and where
the dry‘seaSOn is short. In all other regions with marked dry seasons,
plinthites can occur at a great depth in which case they are not

involved in omr classification. 1In some regions of western Kampuchea,

/these
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these soils contain large proportions of ferruginous goncretrpns or
hawe hardeéned laterite horizon at a shallow déptﬁ, Iﬁ:fact,:theSe
constitute a lateritic phase of ferric acrisols. These soils, which
dare peoel and often too dry for agrlculture, erode very qu1ckly on the

;glopes of:deep valleys.

Inclusions: gleyic and orthic acrisols, ferralic cambisols.

4.22 Gleyic acrisols associated with djétric @lanbébls

These are almost exclusrvaly found in lower and .almost fiat .
areas of’ varlous formations. They are normally found on old alluvium,
sometimes on seml—recent affluvium and on colluvial material of aeid

v

rocks. They are typlcal of depre551ons on low alluVLul terraces, and
:of areés vhere Lhe water table level stays close to the surface
practlcally throughout the year° Somewhat poorly to poorly drained, .
t@gy are water~logged and often flooded during the rainy season but

dry out deeply in the drwv season. "

These soils can easily be identified on satellite pictures.
During the rainy season, flooding and waterlogging, which are“typicaih
of this unit, give grey shades which become darker as these phenomena
become more 1mportant Durlng the dry season, on the contrary, grey shades
becomé very llght. This high radlance is due to the drylng of the 50113
and’ to an extensive occupatlon by harvested rice flelds at this, tlme Qf

the year°

The surface horlzon of gleyic acrisols varies from loam to
sandy—loam. It lays on a loamy to clayey textural B horizon well or.
poorly developed, with the _clay content increasing genexally and
progressively with depth. The colour varies from light grey to light
greyish-brown with many spots throughout the profile.- The structure
. is wvery poorly developed or massive, especially at the surfdce. Most

of these solls easily become compacted when weti, practicaliy-ééaling 2

/the surface..
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the surfaceL}eﬁ%eﬂaameﬁfoﬁé-fainii'Thls AEENFal phenomenon may also he

_due to the,puddling of: rice fiéldss! Many' gleylc acrlsols develop a
» a v '-; - 1_;

nf
compact plough pan immediately under the“plough horlzon._ Lhe organlc

matter content is generallvy. 'low wheh’ ‘thale 50115 are ‘not’ covered by

forests. ,They are- acid,and- thelr-exchange capac1ty ‘and base saturatlon

yare -kow.. . They. show -important vaniiatidns which are related to the age
L T R s' e S

pf the sed;ments~on ‘whitch #heyshave” deve]:‘opedu

- - Dystric planosdcls are i pavtlcd}ar Ffound~in varlouF.ParFe of
Kampucheay, -Similar . to theuprevious'oypes ‘of coils, “they are ooweyer
. characterlzed ‘by:a sudden thange ih texture between‘horlzone h‘ena‘B
Lor by, a very compact and impermeable ' underlaylng ﬁofizono Inolus£0ns
- are composed of .gleyic selonets, Ferrid acrisols and dystrlc gleygggél
o B

Dystric gleysols correspond toracid alluv1al 50115 w1th a well developed

B horizon and a low base saturation raten Gleylc solonetz have a compact

B horizoii*and ‘4’ very'hlgh percentage‘of exchangeable sodlumn-
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4,23 . Gleyic- acrlsols aSSOClated with ferrallc camblsols and- ferrig:
. .. - . -‘ . j'_ L .u.. T) .
P :l-acrlsols Mt - ' . cie . L A

o - Ibis associatiom is. speciFiti to the northesst prov1nces of

4t s \'—1;'~ L
Thalland w;th a maxnlyuundulatlng tooogPaphyo 1The gleylc acrlsols
(un;t 22) are feund: in:lower dregas, with' the';errallc canblsols (unlt
vf L3 v P

- " - er

18} and ferric aerisels (unit:209 1h»higher-parts¢

The relatiye- importaneérofntie yarioiis components va;:.es
: r LA i
accordlng to_area, and tepographys - Id flat~areas, gley Ic acrlsols .

predomlnate over;other associdted soils - while’ 1n areas w1th.a more
accentuated topography, the OppOSlte i1s noted, Often,'eaco ©F, the
elenents of thls‘unrt is visible of SQtellléeholctures, but the

elements cannot be mapped separately since thelr respective areas are

much too small,

/da24
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4,24 Dystric nitosols a@ssociated with chromic cambisols

-

These soils are found on residuum znd colluvium wesulting fkom
the weatherlng of lntermedlate or basic rocks. The topography variss
from undulatlng to rolling with: occasional more accehtuated Features
due ?o “the presence.of mainly limestone rocky.outcrops which create
=im§;rtant escarpments. The topography may in some cases be considered

as a ﬁeneplain with a soil coveruresuitingnor infiuenced by basic rocks.

There are few criteria to immediately distinguish these soils
on satellite pictureso They are in general covered by & derSe and
malnly elrergreen forest deeply degriaded by crops, though this crlterion
is not spec;Fic to these soils. When the bedrock is different from the
ba51c rocks mentloned on geclogical maps, these soils cannct be differ-

ertiated from unit 1€ in the yalleys of hilly. areas.

Dystrlc nitosols are ln general very deep, brlttle, and ¢of a
red to reddlsh—brown colour, They have a clayey—loam to clayey A
horizon and a clayey textural B horizon, though thg ‘horizon separation
is not.clear. -In the B horizon, aggregates have a clayey revetment and
the clay content "increases with depth. These solls have a ﬁoderate
acidity and their réte of base saturstion is below 50%. The-éxchange
capacity is moderate. The onganlc matter content 157 te a large extenf
related to the vegetatlonal cover, They have good physical propertigs

i

such as brittleness and a high -water-retention capacity.

In some regions, dystric nitresols which have developed on
limestones, are associated with brittle and moderately deep chromic

cambisols of a reddish-~brown -colour and without'a textural B horizon.

Inclusions: vertisols, rendzines and some lithosols.

¢

4.25 - Orthic ferralsols

These occur often on alluvlial terraces of northeast Thailand
which, located higher and weil above surrounding and more recent
terraces, are considered as the oldest. The topography is rolling with

steep slopes here and there.

/Thisg
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This unlt can be rather precisely distinguished through a compa-
rative study of topographic¢ and pedoleogic maps and satellite-plcturése
It is often apparent on satellite pictures because of fhe ‘preseénce of

s

dry dipterocarp forests or intensively cultivated areas.

Orthic ferralscls are deep, well drained, and red to yellowlsh~
red.. Horizon A, with a generally sandy to loamy teéxture, often shows
signs of degradation: fine particles migrate towards the base bringing
about the formatlon of-&n A vA seguence in .the B horizon, 'and the
texture becomes clayeyrsandy—loama

Separatlons between horizons are progre551ve except for the
lower Wimlt of the upper horlzon which is very shallow and of a somewhat
darker colour. The structure is pOOLlY developedo Brlttle when wet,
these soils become very hard when they are dry. Their. pH .varies from
very, ac1d to moderately acid. .The baee:saturation rate is-wvariable
and the exchange capacity is very lOWo The organic.matter content is
related ‘to the vegetational cover but is generally low as!-is. the water
retention capacity.

4,26 Rhodic ferralsols

Rhodic ferralsols are found mainly on plateaus of volcanlc
.origin -in Kamputhea where they constitute “the -Yred lands". '‘These

basaltic formations.have an undulating'to rolling topography.

Most of the rubber plantation are located on these formations.
Clearly appatent:®n satellite -pictures, they give good indications for

mappinge .

Rhodic_ferrelsg;s which have developed on clay resulting from

an aiteration of basalt are deep and brittlea Under & mere Or:less
!--.‘ ]

. humlferous loamy—clay to clayey upper layer appears a dark reddish-brown

clay Wthh extends in general without -obviows changes over a considerable

depth {more than 50 m.). The organic matter content, which varies from

/low
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low to moderate, is related to the vegetational cover and 'to the slope.
These soils are moderately acld and have a low exchange capatityjffmhey
are well_drained, porous, and . have a good water retention capacity.:
The clotty structure of the upper horizons, which facilitates a veéry

easy infiltration of rain water, preserves these soils from erosion.

Inclusions:. orthic ferralsols, some vertisols and some 1lithosols.

4,27 Rhodic ferralsols assecizted with orthic ferralsels

These occur on basalt plateaus with a normally reolling tobégraphyo
These plateaus are often deeply cut by erosion which gives the topography
a very typlcal aspect of more or less narrow table lands with ridges-

surrounded by deep er051on Valleysn

These soils have a red tc yellow-red colour. Profiles are &eep
with a clayey texture and a structure varying from clotty ko slightly
polyhedric. Ferruginous ‘concretions may appear at various levels,

sometimés dlose to the surface.

Inclusions:—some acric ferralsols and some lithosols.

4.28 Acric ferralsols associated with orthic ferralsols

This anit occupies the larger part of the Pleiku-Kon ‘Tam basalt
plateau. This deeply eroded surface shows a rolling'topbgraphy“ﬁifh
less eroded surfaces here and there.

-Acric ferralsols compare with rhodit ferralscls in hany.
characteristics. However, they have a very low fertility, confirmed

by an extremely low exchange capacity. They have a very acid pH.

Their base saturation is very low, Theiriwateé retention Eaﬁacity is
low and they dry very quickly in the dry seasons. These characteristics,
along -with their very high brittleness, turn them into thin de;tﬂéeging

dry ‘periods. -They are well drained and porous.

/Crthic
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Orthic ferralsols have redder or lighter cdloﬁ;é and a higher

exchange ccpacity.”

Inclusions: some rhodic ferralsols and some rhodic -acrisols.

4,29 Dystric histosols

flThe%é peét and muck soils occur in. the western parts of "the
Mekong‘delta é few meters above sea level and are generally covared
by swamp forest 'with Melaleucas they are typlcal of more or less )
water—Logged soils,. where wiatér renewal is slow, and have 1n general‘

a large content of aclds and-organEC'mattero

The mapping of dystric histasols is based on the presence of

swampy vegetation with Melaleuca, observed on satellite pictures.

They are characterized by a peaty layer of at least 40 cm,
almost exclusively composed of organic matter and which can reach a
depth of several meters., Some peats have a high sulphur content,

becoming very acid when drained.

Access to this region being difficult, the pedological composition

of the .peatv-soils:is not known.

Vo Surface hydrology

In view of the extent of the lower Mekong basin, is was not
possible to represent floods and water subsidence as a coherent whole.
Because of the extensive cloud cover, rainy season satellite data are
insufficient. We could only plot the approximative maximum limit of
areas which in 1972 - 1973 were covered by a layer of water or were

very humid.

/No

e



- A4 =

. . No distinction has been made between floods proper{resulting
fro& overflobihg rivers and streams), rain water generally accumulated
in rice fields during the reainy season, and waterlogged or very humid
soils. The delineation of these wet areas involvés é”vety large part

éf subjective appreciztion.

Results obtained are represented at a very reduced scale

because of their limited usefulness and their lack of précisiono

This stédy is essentially based on the ‘interpretation: of bdhd
7 composite cplaﬁr transpaﬁépqies and black and white" transparenties

taken during the rainy season (LANDSAT I),.

)
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Cqmparative.table of soil units

THATLAND i

ar
*

VIET~NAM

"y

11

12

AlTuwial soils,
undifferentiated

Eutrlc fluvisols

":‘«-J‘ LN 5

‘Eutric fluvisols .

(saline phase),-
eutric gleysols

Thionic *Fluvisols 1|71

Thionic fluvisols
humic gleysols

Eutric gleysols

Eutric gleysols,
mellic gleysols

Mollic glevysols

Hﬁmic gleysols,
Dystric gleysols
{"cuirasse"™ phase)

Lithesols, Haplic
phaeozems

{

.....

Luvid arenosols

R
Rendzines,
Pellic vertisols

Calcaric cambisols

)

l." -

2 Alluvial soils
i on recent fresh
water ‘alluvium

¥
22 and 23. Un-
dlfferentlatec
'steep land or
shallow req brown
earthd on 11mestone
crags or lava )
plateaus and. vol--
canos -l et
;

1 Alluvial soils,
undifferentiated

3 Acid alluvial soils

_soils

5 Brown alluvial

levees
differentiated

.4 Very atid -alluvial
so:ls. o T

3 Ac1d alluvwal scils

I AlTuvial soils, un-
differentiated

_—

tdifferentiated

1 Alluvial soils, un-
differentiated

s Lo 1 -

8 Shallow regurs and
latosols {generally
shallow} on basalt

.on acid rocks

£ N
AR
- :

1¢

"4 Very acid alluvizal

)

soiks of the river su .

1: Alluvial sbils, un-’

1

1 Alluvial soils, un-

i

11 Sandy podzelic soils

r

14 Brown alluv1a%
_““soils ~of IR, R
D piver leﬁees

S malune"” soils
{cat clays)

13 Alluvial scils

15 Lacustr}neh'L
deposits '}“

13 Alluv1a1 solls

.7 Hydreomorphic” e

" S0i1s oF -
1ater1t1c
origin

12 Ba51c lmthesols

lonRegurm{en-ealc
 beédrock]
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Lower Mekong basin

THAILAND

KAMPUCHEA

13 pPellic vertisol,
Chrbmié'ﬁertisols

[ .o en o emian

14 Gley&h‘solonchaks,

Thionic fluvisols
Butric fluvisols'

15 Gleyic cambisols,

Gleyic luvisols

: 1
LR

Fecralic—cambmsol

Ferric acrisols

17 luvisols, .
Juvisols

gleysols

Gleyic
Orthic
Eutric

Orthic

[

18 acrisols

- " "41 ‘:.'" S
19 Orthic acrisols,
Dystric nitosols,

' o
- f.

2e- Ferric acrisols,

Patrlc phase
..,..-..’5

- '
LAY

21 iFerric agrisols;
Plinthic acrisols

22 Gleyic acrisols,
Dystric planasols

23 Gleyic acrisocls,

 Ferralic. cambisols

Ferric acrisols

15

Ferralic cambisols

4

10 wrumosols

,l14=ére§;podzolic

. «+7 Tow Humic Gley

:20- and .21. Shallow,

.o On steep 1and‘
15—16—16p Red -

15L, Red - yellow

cafrm-e

.2

soils -y

e S L2

18
red-yellow pod-
zolic soils and
reddigh-<brown
lateritic soils

12
yellow podzolic
soils

podzolic soils
with lateritic
gravel - S

“l1a

7 Low humic gley |15

soils

9 Low hudiic gley
golds and red-
yellow podzolic
soils with
laterite

"alluvial
" sediments

Saline alluvial
soils

Regosols on white

and yellow dune
sand

Complex of
montainous soils,
mostly red and
vellow podzolic
soils and litho-
Sollc 5011§

Red and yellow
podzolic soils
on acid rocks

Red and yellow
podzolic soils
on old alluvial
sediments

Grey pddzeclic
soils .on cld._ -.
aljuvial sedi-
ments *

Low humic gley-
spoils on old

10

e

Regur.(en-basaltic.)

- bed-rock)- -ar L

Coastal compiex‘ L

[ELE :‘; 1. n '
el T

Red-yellow podzollc

Bnownxhydromerphic
soils ST

- T

. {'IJ'..J

Acid 1ithdsols: .

.-

| VR AL s kS

P
5
.

Ll AN T
Lateritic clays

Cultivated hydro-
morphores soils
Greay hydromorphic.
soils oo
Planosols
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Lower Mekong basin THATILAND | VIET-NAM KAMPUCHEA
24 Dystric nitosols, 17 Reddish-brown 2 Latosols |
Chromic camblsols lateritic (Western)
soils - |
. .13 Red brown earth
25 Orthic .ferralsols 19 Red and yellow
. latosols ) .
24 Rhodic ferralsols | 19 Red and yellow | 19 Reddish-brown |2-Latosols
" ‘Tatosols ‘ latosols on {Bastekn)
: . basalt ’
27 Rhodic ferrelsols, 20 Red and yelldw |2 Latosols (South-
Orthic ferraisols latosols on Eastern)
- basalt :
23 Reddish-brown
latosols and
ced latosols
‘on basalt’
?8 Acric ferralsols, 21 Earthy red

Orthic ferralsols

Dystric histosols

latosels on
basalt

25 Peat and muck
soils

I\io'te:

Pigures correspond to the numbers given to-the units used in the"

various soil maps.
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C. ~'LAND CAPABILITY MAP

I.. + Definitions

Soils described in the pedo-geomorphologic map are grouped in
this section according to their capability for ricelcultiiétfod‘anﬁn-
rain-fed crops. Their cla551f1cation is based on the 51mpllfied metbod
presefited in the "Soil’ survey Interpretatlon Handbook for Northeast-"'
Thailand, Part II", Soil Survey Report No. 80, 1967, by D.L. Galiup,
Srilak Kashemsanta, and Avudh Pimpand. o

-~ Capital U corresponds to land classes sulted for rain-fed
Crops.

~ Capital P corresponds te land classes suited for rice (aguatic)
C o
cultivation. Rain-fed rice cultivation (i.e. without bunds) comes under

rain-fed crops.

1.1 Rain~fed crops

at

Class U-I - Soils very'ﬁell suited for rain-fed uplaﬁd crops. MNo

e dmitation.

¢lass U~IT - Soils well suited for rain-fed (upland) crops. Few
limitations.

Class U-III - Soils fairly well suited for rain-Fed (upland) crops: .,
Limitations: moderates v ’

Class U-IV ~ Solls pooriy suited for rain-fed (upland) crops. Serious

limitations restricting the cholce of crops and/or

reqalring special cropping technigues or conservation

practices.
1.2 Rlce cultivatdion
Class PT ~ Soils very well swited for paddy land. No limitation.

Class PIX ~ Solils well suited for paddy land., Slight limitations.

/Class PITT
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Class PILI -~ Soils fairiy well suited for paddy land. UNModerate
limitations.
~Clags PLV ~ - Soils pooriy suited for paddy léndén Serious limitations

restricting the choice of crops and/or requiring special

cropping techniques or conservation practices..

II. :ﬁeséfiption of land capability units -

Each of thes2 units covers one or several of the soil described
in the pedo-geomorphologic map and presents in practice equivalent agri-
cultural capabilities.

2.1 Regioné mainly suited for paddy cultivation

Unit I + very well suited for paddy land and moderately for rain-fed
{(upland) crops. Land capability classes: PI-UIII.

N .

This unit corresponds to mollic gleysols (unit 8) and gleyic
luvisols associated with orthic luvisols and eutric gleysels (unit 17).

These fertile soils-have-as a whole no majé¥ limitadtions.

Unit IT : well suited for paddy lands. Limitations result froﬁ—
flooding with Salinity hazards in coastal areas. Land

capability class: PII,

Are as covered by this unit:

’

- undifferentiated soils (unit 15, eutric fluvisols, saline
phase, associated with eutric gleysols {(unit 3)., Highly fertile, these

soils can become very productive when protected from fleoding.
B S i '

- Butric &léysols (unit 6) and eutric gleysols assoclated =
‘with mollic.'gleysels {unit 7). Of a rather high fertility, these soils

can be very well suited for paddy land if water control is provided.

Unit 3 : well suited for paddy land and moderately suited for rain-fed

crops on hetter drained uplands. The major Iimitation

/results
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results from drying of the soils. Land capabillty classes:
PII-UTII.

This unlt corresponds to pellic vertisols associated with

" chromic vertisols (unit 13}).

Unit 4 : .moderately suited for’pad&f land. fhe low water retention
capacity, the low fertility or the higp acidity of these
soils are the:mafn;iiﬁi#iﬁg‘factorsu"iaha capability
class: PLIT.

This corresponds to:

-~ Thionlec fluvisols associated with humic gleyscls (unit 5)a
Their generally wvery high ‘acidity may maké them unsuited For agriculsure.

They are very badly drained.

¥+ = G@Gleyic-dcrisols associated with dystric planosols (unit

22). They have a low fertility and are poorly drained.

] i js

2,2 v Zones malnly SUlted for raln-fed Crops .
ﬁ . 1]

Unit 5 moderate¢y suited for rain-fed crops. The low fertility of

the SOllS and their floodlng are, the mamn llmltlng factorsa

- Land capablllty class: UIIe
This unit covers:

- Eutric fluv1sols (unlt 2}, very fertile and particularly’

well suited for orchardso

~ Dystric nitosols (unit 24) associated with chromic
cambisols have a low fertility but very good physical properties.

Thelr dry::.ng out dm:mng the dyy season_is one. of the main:limiting;factors.

/Rhodic
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. Rhodic ferralscls (unit 26) have, as far as their

chemlshry is concerned, a rather low fertlllty but’ they glve ‘the best

T
cultivable lands of the basin. This prdéperty results from “their’ very

good physical characteristics. They ara particularly well suited for

: industrial crops.

Unit 6

Unit 7

Well suited for rain-fed crops and moderately suited for

rice cultivated on flat areas. ILand capability classes:

UII-PIII. .

These are formed by réndzines associated with pellic

vertlsols and calcaric cambisols (unlt 12}, These secils

have a hlgh fertility but thelr sballowness and. their

strong desi¢cation - during the dry season are limiting

factors as far as agrlculture is concernedn

moderately suited for rain-fed crops.. Thelr. desiceation;.
low fertility, and easy erodability asre the main limiting

factors. Land cépability class: UIITI,

This unit covers:

Gleyic cambisols asso-iated with gleyic luvisols (unit 13),

these have a limited agricultural value and are usually used for fruit

STty

cultivation and for a few food crops that have- poor ylel&so‘ Houever,

most are uncultivated.

‘Ferralic cambiscls, associated with ferric acrisols (unit

16), have a low fex_?tilin':yo

o ippthic acrlsols assocmated with dystrlc nitogols- and

‘ferralic <¢amBisols (unif 19) also have a low fertllltyv. Orthic acrlsols

are :too 'sandy, too stcny, or located on,steep slopes, and are best used

for pastures or forest reserves.

/Ferric
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~ Ferric acrisols, associated with plinthic acrisols {unit 21},
are poor and often too dry. They erode very quickly on the slopes of
some steep Valleyso Most of these solls are uncultivated. The wvegéta-

tional cover is malnly open dlpterocarp forest,q

- Ortnic ferralsols (unit 25) have a low fertility. §h§racteris-
tic steep slopes are one of the important limiting factors. They are

well suited for fruit trees with deep roots.

"~ The agrlcultural potential of rhodic ferralsols associated with
orthic ferralsols (unit 27) are limited by their very marked topography.

Water and soll conservat;on are reguired to make these.soils productive.

~ -Acric ferralsols, assoclated w1th orthlc ferralsols (unit 28),

have a very low fertility. 5011 and water conservatlon is essential.

:

2.3 Zones suited for péddy‘iandsiénd rain-fed crops

¥

Unik:8..4- 1 Moderately suitable for paddy land and rain-fed crops. Land
o Bty o et . - 4 <
’ .cepability classes: PIII-UITII,

Y
>

This unit worresponds to gleyic acrisols associated with ferralic
cambisols and ferric acrisols (unit 23} The main llmltlng Ffactor is

their .low fertility. -

2q - Zones ﬁoof;y suited for crops

Unit 9 t poorly suited for rain-fed crops and padﬁy lands. Severe
limitations. Land capability classes: PIV-UIV.

- The very high acidity and the poor drainage of thiomic

fluvisols (unit 4) and dystric histosols (unit 29) and the high salinity

and poor drainage of gléyrc solonchacks associlated with thionic fluvisols

.and eutric-fluvisols (unit 145; make these unsulted for cultivation.
~ Humic gleysols associated with dystric gleysels, laterite

phase (unit 9}, have a low fertility, are poorly drained, and are shallow.

/unit 10:
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¥nit 10 ':"poorly suited for rain-fed crops. Severe }imitaﬁiopsm Land

capability class: UIV.

—- The shallowneés- and Stonif&ss of litoscls assdciated with

hyplic vhaegzems (unit 10) are limiting factors for rain-fed crops.

. Luvic arénoséls (unit 11‘)', are too s;'mdy, too dry, often
too stony.end of a very low fértiliti;and are therefore not suited for

agriculture.

- sOrthic'acfisols;'désééiated.wiﬁh lithosols (unit 18) ,have
a low fertlllty, are shallow, stony and located on a very.marked topo-

graphy, and are therefore poorly su1 ted for Cropse

— - The presefce of laterite on the surface-of ferric .acrisols,

laterite 'phase (unit 20) is an imﬁbrtant’liﬁitinb factor.

111, Annex: Rice cultivation and rainfall

In practice, nearly all rice prddsced in the lower Mekong is
grown during the wainy season.’ Rice cultivation, mainly rain-fed,
depends on rainfall which may be relatively scarce, éﬁpeéially during

- the flrst part of the.rainy season.

) ihe volume of precipitation and itg distribution.over the
ralry season varies con51derably from one region to the other accordlng
to various factors such as the distance from the sea,. the latitude, the

elevation, the exposure to prevailing monscon winds, etc,

In order to delineate regions best sulted for ralnﬁfed rice
cultivaetion, an analysis of -menthly prec1p1tation data supplied by 141
rainfall stations was ‘carried out for the months durlng which’ rlce la
cultivated; these data were conpared with rice water requlrements° It
was assumed that local rice varieties require a minimum of 120 mm
rainfall per month, with this criterion applying at least four years

out of five.

/ To deliheste
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To dellneate areas where ra1n~fed'r1ce cultivatlon is pragtic-

T =

abls- the follow;ng factors were conSLdered.

. (@), Number.of mopthgzduring which precipitation.is above

»"--12O"m:m; T
{b) Duratlon of periods of drought durlng the rainy seasonj
T I e e PRl ,
‘gc) Date of the beginning.and the end- of the rainy season;
T pc . £ !

.

(d)} Macro-relief of the basin;

{e} Knowledge obtainad through practical-tbservation.
N b P Ao .

2 N "J' ' 2.
“he” map attached to the back cover of thls report glves in a

simplified version ﬁhe results of thls analys:Lso The basin is sub-
divided into four areas according to suitability:for rain-fed rice
'cultlvatlon : g;);_unguitgq,"n - (II)-marginaly :(IIT) moderately suited
and (IV) well euiteda

zone X

T%}s Zone of drought corresponds -to ay"rain shadow" -arda (east
ofxthe Petchabue Elephant and Candamomes rangesd . T AltHough considered
ras insuff1c1ent because of scarce precipitation -at- the beginning of ‘the
rainy season, rain-fed rice cultivation is widely practised in these
areas through the %ngenuity of ‘the Farmers, Thus, for instanue, water

scollected dn th& highest plots s redlstributed to 1ower plots where

~preplenting beging..

Zone II
Cultlvatlon is llmited -to Yowlands where. local seepages,~ added
to ra;nfall, makes it pogsible.;to grow rice during the sécdndihalf of

the rainy seasohe

/Zone IIX
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Zone ITI

This zone is relatively well suited for rain-fed rice cultiva-
tion® eSpecially ih northeast Thailand where thlS type of cultlvatlon,
practiced for hundreds of years, is very qulckly spreadlng to'hlgher
forest lands through simple, levelllng and construction of bunds which
allow the accumulatlon of rain water. Yields are relatively low and

'the 1rreoular1ty of precipltatlon makes it impossible -te cultivate

every year the entire area of potentially cultivable landss

zone IV
The volume of precipitation is sufficient to carry out rain-fed

rice cultivation in.the hilly regions of Laos’.and' of thé south Vistnamese

Annamitic Cordillera as well as in most of the Mekong delta.

Note

This study was done 'Dr. Y. Kaida.

/ADDITIONAL STUDIES
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ADDITIONAL STUDIES

Addltlonal studles proved essentlal for the completicn of:

the thematic map’ programme°

) © " These studies give 'a better understandlng of the natural

'env;ronment thus fac111tat1ng the preparatlon of the proposed thematic

maps.’ ‘Moreover, they nge a better understanding of‘units that have
been retained and make it possible to map for the first time reglons

that are not yet properly known. These studies have mainly dezlt

with:

- sedimentation in -the Mekong delta; and

~' sedimentation in the Nam Mun and Nem Chi basin (north-

east Thailand).

Entirely based on an interpretation of satellite images, these
studies give an overall picture of the two largest morphologic units

in the basin, corresponding to the Mekong delta and the Korat plateaus

Images studied correspond to bands 5, 6 and 7 of the multi~
spectral scanner. In general band 4 images have not been used because
of their lack of precision. Results were obtained from a systematic
study of all pictures taken every 18 days (positive black and white
transparencies at the scale of 1:1,000,@00 and corresponding composite

colour transparencies).

)
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A. OUTLINE .ON" SEDEMENTATION-IN ‘THE MEKONG DELTA

Lo Holocene delta

1.1 Very humid alluvial landscape

Cn either side- of the delta are foupd - twa large areas which
are waterlogged in all seascns and covered by swampy vegetation.

r

Tl.lel The Plain of Reéds: Located in the eastern part of the basin,

At is iA'a depression which collects waters comlng from the north.

which .are prevented -from dralnlng in a southern direction by the SW/NE
fault passing through tio Chi Minh City and the Cay, Lay/Tan An Lossil
shore line., Beyond are found scils of the coastal complex which are
well drained and dry for longer. periods. {On. themaitic maps, the!Plain of
Reeds generally occuples a larger area than.the area we mapped. -~ The
1andscape unit descrlbed here corresponds only to that part of the .
'Plain whlch 1s permanently waterlogged and without old fluviatlle
patters) .

lelc?_ Chauw--Phu-Hatien-Rach Gia delta

T

This wéstern part of the delta is always waterlogged and
unculktivable; it corresponds to aﬁ old delta, the fossil hydrographic
netvork of whichiis still visible. The main arms, which are especially
clear on 16/L2/76 picturss beczuse of thelr dark grey shade, star# from
the always-humid depression followed by the Stung Takeo. Theéé however
do not facilitate an efficient drainage of this area, apparently because
of the existence &F a barrier which runs bétwéén éﬁ&ﬁ'Pﬁuvénd the
western ngeky hills (3/1/73 pictures show this Batfrier as much drier
during this iseasom). . The barrier is followed by th& Kinh Vinh Té'éanal
whlch should ;tself be an obstacle to the flow of water in a southernly

dlrectlonn

"1 view of the extent of this swampy deltaic area, and of its
ancient arms, it can be assumed that the Mekong followed this path

in the Holocene period.

/1.2
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1.2 Allavial landscapes with variable hamidity

X

These can be divided into three separate units. In view of
the lack of data, we are making use of the ﬁgliomiﬁg;neiher general

terms: modern, semi-recent, and ancient.

Le201 ._.Modernralluvialvlandscagé,(modern:deltaT v

. .. -iIn the' Mekong arms region, Ll.e. from Sadec to the coastal
complex, 8/5/72 plctures show a mosaic of«small light spots (dry.solls)

- . epdes

and dark spots (humid soils] as well as the generally parallel alidgnment

Of “the' river arms. Tnese formatlons can be considered as fossil- alluvial

levees resultlng from the successive shifting of. the .lekongy thein

- o

northern 11mit belng the old Cai Lawaan An sea coasts
SRS SR

¢ No~ similar 1andscape ‘has ‘been’ fouhd’ 1n the Song Hau Glang
region., . Tt seams thati-the bed of this arm of the Mekong, whlch runs

in.a straight ‘line over a long dlstance, has never shlfted signlficantlya
- “ ‘.r.'r. O
Only very few ‘£os8i "river allgnments, very close and parallel to the

river, are apparent here and there.

It is probable, however, that thegagluvﬁaifieﬁeeilocated'“
halfway between the Song Hau Giang and the . Song,Co Chien-corresponds

to a former’ bed of the Song Hau Glangu‘ The pattern of the shoredlines

shows that thls bed was only used durlng a part of - their formation. ,
L‘Accordlng to the plctures,,lt is the only s;gn,of a fossil,alluvial.

formatlon 1n the western part of the delta.

. - “ ot " S
R S R ¥ W1 . . - -
T IiR.2 Semibrecent alluvial landscape {seni-recent delta):

In the: eastern part -of the-‘delta between old- Pleistocene—i
alluv1uns~of the Mekong and the modern’ delta, sate¥lite plctures show
a, complex system. of alluvial dLevees (which appear 1n-1lght shades since

-they are better drained) and more hwmid areas (in darker shades).

Their pattern corresponds tc the old forms of an important hydrographic

/network
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ne%work, the 1ayoﬁ§ of which is generally difficult tounderstand
since it ie_reiated to soil humidity which wvarles widely in this

fegion; A systematic study of all pictures is required.

This network of arms is bdrﬁiall?llinkedrﬁith the Mekong
5, near.Hong Ngu. The area seems to correspond to e.ﬁarrier which
pfevents ‘an efficient drainage of Mekong.backswa@p areas‘into the .
Plain of Reeds depression. All that normally remains during the

dry season is a narrow and wet gully linking the two depressions.

l/d/75 pictures show alignments which most probably corres-—
pond to ancient alluvial levees running more or 1ess parallel to the
Vam Co Tay. In view of their- general orientation, the existence of
an'extensive hydrographic network originafing in the Vam Co Tai water—

.fhed can be assumed.

1.2.3 Ancient alluvial landscape’

In the western part of the delta (Chau Phu- Hong Ngu-Sadec~Can
Tho—Radh Gia area) none of the patterns previously ohserved (except
near the Song Hau Giang) can be seen. The landscape, is however,
chéracterized"by a regular wet front which progressively withdraws .
in a southerly direction during the dry season. Thus the soils of the
northern regions {(Chau Phu-Sadec-Rach Gia) are dry éuring most of the

year. The Mekong and the Bagsac today: flow b4n these-alluviums,

In the Liong Xuyen~Can Tho area, on both sides of the Song Hau
Giang, an extensive area of permanent humidity is. observed., [Ebt can- -

appefeptly be related to tiaes and to the absence of alluvial levees:

1.3 Coastal complex

From the mouth.of the Song Nha be.to Rach Gia, satelllte

plctures show an extensive coastal complex.”
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From the sowth of Ho Chi Minh City and u up to the, Song My Tho,
it .is! difficult te” ‘make’ out whether the pattern belongs to a system
of shore lines or of . alluvial 1evees;.:In Qlew of the shepe of-aeCLent
or recent shore. 1inés observed’further sbuth it seems howaver,that the
divergent alignments of the river could he attributed te-qld shore
line8. This assumptlon is conflrmed by the fossll!shore of . Cal .Liay-
Tan An Whlch has been studled and dated by H. Fontaine .at 450. +,11@

I
years before the present

" ‘Between the ﬁam‘dOADong'and the Song Nha Bé&, the aligrnments
take a westbeast orientatiocn, These correspohd ‘elther’ to alluvial

levees, slowly disappearing in-the Flain oF Reeds,or to the extens;on
of ,some of the shore.llnes-preVWOusly deseribed ‘with a change in
‘or;entatlon near. the .Vam Co Tays . Wést of Tan Han|, thé nérth-sotrth’
aiignments could apparently be related tc a system of ‘shore Tines dn-
conformable with the Cai Lay-Tan An shore line running further south,
and disappearing as thay reach the;?@g;g‘pf}Réeaé:initheunbrthn“ :

- -Unuring“tﬁe'dry eeasoﬁ, this afea is:chareEteri;ed by. a deep

drying. ;of - “the soil’s which creates a sudden dlfference w1th the

always:wet-Plain of’ Reeds aPea and relates 1t to the dry 50113 of thea
coastal: complex appearing further southn

Beyond and, up tg- Vinh-Long, the form of the anciént ‘and recent
shores are. especially: clear..” ®n:ridges’ sheltered From Floods’ are
generally concentrated human settlements and road networksa Their

et

~pattern asta whole~follows that of tﬁe present coastp Graphlc .o
unconformabilities which éah ba seen, show a regular progre551o; of . the
delta.towards:the sea. (The shore line that is located furthest toward
the sea stops the previous one). These alsc show that_the various
modern arms of the Mekong seem to have operated"ﬁithouiﬁﬁegér changes
durlng{the whole Jperiod. of formation'"of €he coastal complex V1s1ble on
eatelllte plctureso Between- shore lines ofteén dccur major and always
wet depressions. Close to the mouths, some of these, are regularly

flooded during the high tides.

/In the
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Tn the western part of the delta,'the shore patterns are
more difficult to dlStlngUlSho Inland these are no more represented
by dsclated patterns, and’ some appear on only a few plcturesol Moreover
south’of a line approx;mately running from Rach Gia to Canthe and Vinh
Loi, the soils show generally a much more important humidity whlch may
have various causes: sedimentation and tides varying on western and
south-eastern ceasts (amplitude 1 m in the west and 4 m at the mouths

of ther Mekong?); subsiderice,and cthers.

.The extent of marlne formations is certainly nuch more important
than shown by the satellitesu Mr, Foatalne mentions foraminiferous clays
at a depth of 7 m at My Phuoc (south of Cantho).

IX..  River landscape upstream from the Holocene delga

Up-to the -Vietnamese border, the Mekong and thé Bassal flow in
an alluvial plain which is waterlogged and formed by backswamps running
along these two rivers. Onall plctures, these correspond to very dark
shades evidencing a permanent and very 1mportant humidity. This
"Landscape unit is moreover characterlzed by river bank levees, the
importance of which could appear as abnormal. A study of 16/12/72
plctures shows that the llghter shades, correspondlng to these levees,
are located on both sides of a large number of small fllllng—up
(colmatage) channels originating in the river. These result from a
sedimentation of clayey materials suspended in the waters of the Mekong
when these mix with Gery*ecid-waterS'ofhrhe rivelr backswamps. As a
wao}el these sediments give an important but-artificial aspect to the

g;;e;ial levges of the Mekong and the Bgssace.

IIT. Plelistocene period

3.1 Alluvial terraces

In its northern part, the Holocene delta is limited by formations
belonging to an old alluvial plain of the Mekong (old terrace) which

probably developed during tke Pleistocene period. On dry season plctwres,

/this is
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this is shown by very 1ight shades (resultlng from a very extensive
occupatlon of the 3011 by rice flelds and from the low humldlty of
the s01ls) whlch create a contrast wlth the generally darker shades
of more humld formations con51dered as belonging to the Holocene

perlod,
“Tyo Levels &an be"distinguisHéd:

- I low terrace, characteriged during. the dry seasom By

complex and humid patterns of meanders corresponding to a fossil

. hydrographicimetwork (more or 1éss ‘active in some’ parts of “the reglon

-1

" and’ during certain periods of "the rdiny season) which’ has a generally

north-south orientatién.--'Considering the "dxtént ‘of somé of thesa
patterns, it could be assumed thatrthese are part of a major hydro-
graphic network.. . They are also-characterized-by intensivé~flooding

during the rainy season (10/11/72 pictures:are particularly informative).

- . P rohooTe LT S

T 7. -

- A hlgh terrace, located in. the western part ©of the country
and llmlted by a llne running approx1mately'from Phnom Penh to Kompong

Tracho ‘It differs from the prev10us unlt by deeply anastomosed overland

-

£
runoff llnes generally oriented in a westueast direction and.by. minor
floodlngsa This terrace may eventually appear also 1n the north..and the
east but satelllte plctures do not make it p0551b1e to conflrm this..

w S

assumptlono

"3r2 7 Alluvial pfains'of the Ho Chi Minh Ccity region .

i In the Ho chi*Mihh City Tregion, 1/4775 pﬂctures show valleys

with very dark shades and thereforé very humid, running in a stralght

.line over long distances. These correspond to the Vam Co Dong and

the Saigon flood plains through which runs a system of canals- correspond'

.1ng to a system of NNW-SSE faultse.

/]ﬂ. addition
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In addition to their privileged orientation, these are
qharacte;izgd, at least in.their downstream pérti by thelr great
width which does not seen-to be in proportion'ﬁith’the importance .of
tqdaﬁ's rivers. A marine inflwence in thelr genesis is not impaséiﬁleo

Iyo ﬂogphﬁiogic alignments

In addition to the already known alignments, satellite pictures,
by their repetition, show alignments which only appear at certain specific
pericds- through the coﬁ}ﬁﬁbfion of various hydrologic and biovegetal

conditions.

4,1 Son Hau Giang alignment

Generally orierited iﬁ a NW~SE direction, this alignment extends
in the north-west with the Stung Tékev,'pracéically iimitiﬁg to tﬁe
south-west the very humid depression followed by this river (3/1/73
‘picture). Furﬁhér, one £inds tnat‘extendipg this 1ine will lead-to
tﬂe straight line upper course of the Stung Cheang. According to Manguy
(i968l,f%his w0uiﬁ correspond to the axis of a;high Korat-Kchol-Con Son
reéiona This axis seems to play an important role in the sedimentation
cf the Song Hau Giang. ;t would sufficiently channel the course of
this river to pravent it from shifting its bed (with the -exception. . of
"the fossil arm mentioned on the 1eft bank5o Tt seems that a movemeant
of this axis, with a collapse in eastern regions, mighé have caused the

~shoxt circuiting of the Chau PhuJﬁatien—Rach Gia deltas

4.2 Phnom Penh .alignment

The Bassac is channelled by a NNW-SSE aligmment which runs
slightly west of the capital city. It correspondsito a fawlt already

mentioned by various authors.,

/4.3
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4.3 Vam Co Dong and Saigon alignment

-

In - the eastern part of the delta, satellite pictures shdw a
series of.NW-8E alignments ‘which run parallel to each other and §re‘
followed by the ‘present hydrographic n&twork. In Kampuchéé; fibgding,
which is seen to take place in Plelstocene formations, is stopped in
the east by these alignments. In Viet-Nam;the western compartment s

always more humid.

" These alignments are considered by the author,as faults affecting

the western regions.

4.4 Ho Chi Minh Citvy-Sadec alignment

Running in a SW-NE direction, this alignment appears clearly
on LANDSAT I pictures “of 2/1/73 and LANDSAT IT pictures of 1/4/75,

At its eastern end, this alignment links Pleistocene and well
drained alluvdum' that appear on the surface in the north with réecent
and very humid alluvial deposits of the south. In the ‘west, it constitutes

the northern limit of “the humid Plair of Réeds depression, linking it with

better drained marine and® -river deposits. Beyond, it is much more
difficult to follow. - Tk doés not seem to have any influence on alluvial
deposits of the modern delta, . Buf - an impoftan#*elbow'of thé'Mékong

appgars in its extenslon (north. of Vinh Lingl.

This alignment.-cap be assimilated to a fault whith'brough£ about
a collapse of the northern part, thus preventing the drainage of the Plain

of Reeds where disappear littoral and fluvial,format;onsm;

4.5 Hong Ngu alignment

North from Hong Ngu, 1€/11/72 satellite pictlres show a NW-SE
alignment, which, if it corresponds to a structural direction, could have

played a role in the formation of the semi-recent delta, to the extent it

/isolated
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isolated the fossil hydrographié network originating in‘ this area from

the Mekong.

Vo. Present -sedimentation of the Mekong

An outline of the present sedimentation of the Mekong is_possible

through an interpretation of satellite data.

‘The use of multlspectral colour transparenc1es is partlcularly
useful in this field. Sedlment carrylng waters glve bluish shades

while cleaf waters are black. These differences make it posslble to study

the movement of sediment-laden waters.

Study of the 10 November 1872 £lood in ithe Phnom Penh region

Floods observed in the low Pleistocenes terrace on the right bank
of the Mekong do not seem to originste from: the river proper but from
tributaries and lateral runoffs. From Phnom Penh to the Stung Takev,
these waters partially flow into backswamps located on the rlght bank
of the Bassacn In the south. they flow 1nto the Chau Phu—Rach Gla-Hatlen
depression after going between the granltlc hills which are found in this
region. _ . . ) -

ror

The Bassac waters stay clear even after mingling with the muddy
Mekong waters near Phnom Penh. They do not take up sediment until they
reach Viet-Nam, when they flow into an zrm of the river (Vam Kao), north

of Long Xuyen. ‘ . Cy

In the same manner, on the left bank floods are llmlted to the
Pleistocene alluvial terraceso They are partlcularly exten81ve 1n the
plains of the Vam Co Tay watershed° During hlgh waters,_thls b331n _seems
to communicate with the Mekong through 2 natural channel located between
the basaltic Fange of Peam Cheang and Khun Russei Sunh. An eva}uathn
of the inputs of the Mekong waters in this inundation plaiﬂ subjecééd-to

high rainfall 1s difficult. The largest part of the floodwater is drained

/in

7¢



T = 66 -

in a south-easterly direction and up to the Plain of Reeds-by the

Val Co Tay and its tributaries.

A part of the sedlmentaladen waters of the Mekong follow the

Tonle Toch. Alluvium 1s then deposlted 1n the backswamps of the Mekong

in' the Prey Veng region.

Durlng the November flood, therefore, there seemed to be no
important alluvial inputs directly orlglnating from the Mekong and

the Bassac, in the backswamp depre551ons of these two riversa

on 16/12/72, floods no.longer appear on the terraces which;
however, remaln waterlogged. Traces of alluvium seen in backswamps
appear once again without. signlflcant modlflcatlensa( : .-

FPloods in the Holocene delta -

During the month of November, muddy waters do not leave the
bed of the Mekong up to 1ts mouths where sea currents carry alluv1um

thrown into the sea in a south—westerly dlrectlonq

However, 22/10/72 pictures show a turbidity corona in the
Sadec~Vinh Long area and 6/8/73 pictures show, near the mouths of the
Mekong, a large 1nput of’ sedlmented water in depres51ons located

i hétween shore llneso

It therefore seems that during the month of Novembéi (end -of
the rainy season), most of the Mekong alluVLum is directly taken f£rom
the Tonle Toch fork to the sea. A full and 1n—depth study of floods
of the river would requlre a complete and cloudless time series of .
Satellite plcturesc Moreover, the la—day 1nterval between each plcture
seems to be far tbo’ long for a precise consideration of the evolutlon

of Mekong fioods.

/VL.




SEDIMENTATION DANS LE DELTA DU MEKONG
SEDIMENTATION IN THE MEKONG DELTA
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VI, “Surface hydrology in the, Vam Co Pay watershed

o

Pictures from the end of the rainy season show a zone of

preferentlal floodlng {or more signlflcant and per51stent humidity)
extendlng north—easterly from the always waterlpgged Plain of Reeds.
This zong bends in a northerly dlrectlon close to Prey Veng’ and ends
against the basalt ranges of the Khum Suong-Xrek area, beyond which
are found the flood zones of the Mekong. In the west, the regmons
constituting the limits of the Vam Co Tay and ‘Mekong watersheds can’ be

flooded: or very humid -during the peak ‘of the floods.

During the dry season, the Vam Co Tay plains are characterized
by areas of high permanent humldity runnlng In, a NW—SE dlrectlon andg -

certainly due to an important fossil hydrographlc networkn

) It wonuld seem that the Vam Co Tay watershed can be linked to
an old Mekong valley interrupted by the occurence of basalt flows (whieh,

according to J.P. Carbennel, would have appeéred-somé ES0,000 vears égo)o

We think that the Nekong tends preferaﬁly to,link with the -
Vam Co Tay basin 1n the rﬂglon located bhetween Kompong Cham and Khun

Russe:. ‘Sanh.

' The Vam Co Tay watershed and the Plain of.Reeds, through- their
hydrologlc relat:.ons w;Lth the Mekong and fheilr recent hydrologic history,

are closeiy linked wlth ‘the lower Mekong basin.

9%~



B, OWILINE OF SEDIME\ITATION IN THE NAM MUN AND NAM CHI BASIN (NORTH
" BASTERN PRDVINCBS OF ‘I?HKILAND)

This Sutline is primarily based on an interpretatlon of satelllte
pictures, but -also lncludes grourid observatlons and the study of aerlal

photographs, X

a

The. Nam Mun and Nam Chi rivers flow through the southerh half
of .one of the main morpholegic units of Fhailand, known as the “Kofat
plateau. The study of satellite pictures shows that thie basinm of these

two rivers can be subdivided into several units.

I. Pre-Quaternary 1andsqggs

This corréspon&s to outcropping formations belenging to the
Mesozecic era (sandstones, marls, and conglomerates..) and concretized
by the sometimes imposing topography of the Phu Phan and Dangrek ‘ranges.
Shaped as a syncllnal depression, it is progressively covered towaTds
its center by the Quaternary alluv;um of the Nam Mun and the Nam Chi,
Where it thas not been washed' off by eros;on,a malnly sandy 1ayer of a

gensrally light belge colour sometimes covers the sandstones and marlso

Sandstones ares crossed by an intensive network of faults or
.joints, often channelllng ‘the hydrographlc network° It seems that the
' systém of tracks and alternatj_ng sandstones and marls determlnes the f:Lsh-

bone shape of the hydrographlc network observed in many placesn

In relatively flat areas (undulating to gently undulating), it
1s sometimes difficult, on satellite pictures, to differentiate pedologic
formaticons covering the substratum and fluviatile sediments. The typical
pattern of the hydrographic network is the best criterion for differentia-

tion.

/Il
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Ti, " Upper fluviatile terrace

This terrace, which has the highest elevation, is located
upstream from the basin at an average elevation of 220 meters. Its
elevation decreases slowly in a downstream direction to reach* ai
altitude of about 160 m {(in areas where we could study it). There
are many indications of these river deposltson Those .we could see
form a Practlcally cogtlnuousxstrlp of eroded outliers found mainly

on the left bank of the Nam Chi and the right.bank of the Wam Muns-~
The main characteristics eppearing most of the time are:

'hlghly rupefled sands;

1mportant 1oose 1enses of pebbles.with abundant gquantities
of petr%flgd qud, some reaching the dimension of a lree
trunk; qﬁé typ%s of trges can be distingulshed: trees
gpp%¥sg3£;.Eu$;5££emporary to river sediments;and better
petrified and less voluminous trees belonging to the
Meseroic era and resulting from the degradatlon of the

Mesozmoic llmestone ser;es=

a lateritic 1axgr_where pebbles are sometimes cemented,

showing eyidence of a prolonged . .exudation .of .the nappe.

We believe that these sediments constituted a continuous
fluyviatile nappe-covering the.basin of the Nam Mun and the Nam Chi except
for pre-Quaternary sandstone reliéfs with higher eievation than tﬁisfﬂ
terrace, such as the Ban Phai, Borabu, and Roci Et upthrusting., Traces of
these old river formations are visible even now betwden. the two rivef;o
In additlon to elevatlon, studles are also be based on 1:100,000 pedo~
:1og1c maps since the red—yellow latosols are generally foermed-on this’

type of alluvium.

/According
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According to J.C. Carbonnel, these fluviatile deposits
correspond to the terrace + 20 m of the- series of fluviatile terraces
found all over southern Indochina. According to this author, their
formation has éértainly'taken place duriné the mid-Pleistocene ox- even

upper Plesistocene era.

IIT. Lower fluviatile terraces

Satellite pictures show fluviatile sediments which stand as

interniediaries between flood plains and.ﬁbper terraces.

These very flat and cften hardened (lateritic) formations are
generally covered by dry dipterocarp forests. They are also characterized
by sometimes very wide alluvial and often fossil valleyé;i Their ilmportance
is net related to the preséht hydrographic network; since they correspond
to a former pépiod of intensive alluviation. Tt would seem therefore
that there is a system of low terraces which could be incorporated to

the “low terraces + 10 m in the time series proposed by J.C. Carbonnel.

Iv. Flood plain

The Nam Mun and Nam Chi flood plaihs are easily identifiable

on satellite pictures. - They are characterized by the. very light shades
of the Nam Chi river (very well drained lands intensively occupied by
rice fields) and by the darker shades of the Nam Mun (poorly drained

land, always wet).

‘Bxtensive flooding of the Nam Mun valléey is partially controlled

by the dams built in the Nam Chi valley.

Vo . Depression landscape

The 4rea extending approximately  from Kaset Wisal in the west
to.Ubon Ratchathani in the éast and limited By the Nam Mun‘in-the south

is characterized by:

/many
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-~ many fossil and ‘meander-shaped. patterns, and ,

 many islets;covered by.an evergreen type .of vegetatidn,

food. crops, erchards:-and human ,settlenents..

This region corresponds to the lowest Dart of the syncllnal
depression of the Korat plateau, towards which flows the present hydro-
graphic fetwork. . It Is-ah -area .of naktural, sedimentationcfel” sediments
carried by .the ;rivers...-Large meanders Fame1developed¢inﬁthis;pecﬁliér

geomorphologic landscape.

In the east, this depression is only drained by the lower part
of the Nam Mun river which cresses the synclinal 1imb of Mesozcic

sandstones through a narrow valley before ending in the Mekonge.

The islets are composed of finer sandy loose and non-hardened
material (results of a few observations which should be expanded in the
future). These soils ars suitable for a richer vegetation than the one
found on fluviatile deposits of the previous alluvial -nd often. lateritic
terraces. Topographically located at e'higber'eleéatioﬁ'tﬁen'fhe‘sur—
rounding landscape constituted by wide lowlands crossed by meanders,
these formations could cerrespond to run bank levees dissected by the

successive shifts of river beds.

River sediments which were deposgited in this depreseion seem
to ke relatively recent if we take as a basis the absence of the

hardened layer found on fluviatile terraces.

Vi, Erosion surface

Cutlying this complex of Quaternary fluviatile deposits, and
before reaching the Phu Phan and Dangrek ranges, .atellite plctures
show a relatively flat landscapeo From some of the characteristics

(sandstone outcrops, pattern of the hydregraphic network) it could be

/assumed
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assumed that the pre-Quaternary substratum is quite close to the
surface. In the absehce of more precise data,.tﬁése landscapes can
be .lirked to an eroded and certainly laterized -surface, resulting
from the action of water flowing from neighbouring ranges.

VII. Conciusion

This study, which could serve as a basis for more advanced
field work, is only a very brief cutline of sedimentation in a part’

of the Korat plateau.
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\ SEDIMENTATION DANS LE BASSIN DE LA NAM MUN ET DE LA NAM CHI 3
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ABSTRACT

This report describes the computer program development
carried out by the Regional Computer Center of +the Asian
Institute of Technology for the c¢lassification of the
information, recorded on the Computer Compatible Tapes, from
the LANDSAT satellites as they pass over Thailand and the
Lower Mekeng Region.

The RECOG conmputer program package was selected and
modified for this development work. Three classification
appreached employed in the cemputer are Level Slicing,
Euclidean Distance and Maximum Likelihood decision schemes.

To demonstrate the capability of the program, which
covered reservoir, estuary, deltaic area, mangrove area and
road features were selected for the classification. Due to
the difficult classification of the small subimages such as
road and water way, an additional technique for image
enlargement called the cubic convelution interpolation
technique was added to the package.
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I. INTRODUCTION

Background

This report is prepared in accordance with the
agreement (1) made between the Asian Institute of Technology
(AIT) and the Committee for Coordination of Investigation eof
the Lower Mekeong Basin (MEKONG Committee) on July 31, 1975
for the Regional Computer Center of the Asian Institute of
Technology (AIT-RCC) +o develop a computer software system
which can interpret the information on the Computer
Compatible fTapes (CCT) obtained from the LANDSAT and/or
‘SKYLAB in passes over Thailand. Furthermore, software system
must include data analytical algorithms which are based on
pattern recognition methods utilizing statistical decision
theory. In recent vyears a number of computer program
packages was. developed by several LANDSAT investigators in
the United States to classify the multispectral data by
statistical means. The purpose of this project is to adapt
and/or modify available computer program package to operate
on the AIT~RCC computer facilities and execute the
classification approaches of forested area, estuary,
reserveir and grassland. Of course, this development has
done thus far was conducted jointly by the Asian Institute

of Technology and the Mekong Secretariat.

LANDSAT-A and LANDSAT-B satellites were launched by the

U.S. National Aeronautics and Space Administration (NASA) on

T4



PAGE 2

July 23, 1972 and January 22, 1975, respectively. During
each orbit, at an altitude of 915 kilometers, the LANDSAT
satellites view 185 km-wide strip from north to south to
detect and record certain radiant energy reflected from the
Earth's surface. The sun-syanchronous orbit allows 14 orbits
a day and coverage of +the same area every 18 days at the
same local solar time, which is 0942 “hours at the
equator(2). Due to time offsetting, these two satellites

together provide 9 day coverage of gsome places every 9 days.

There are two sensing systems aboard the LANDSATS to
detect the solar reflectance of the ground area at the
visible and near infrared regions of the electromagnetic
spectrum. Such systems are Return Beam Vidicon (RBV) system
and a four band Multispectral Scanner (MSS) system. The MSS
data has supplied vast information generating numbers of

valuable applications (see Table 1).

Four band MSS system installed on board LANDSAT-~A and
LANDSAT-B has produced the separated data at wavelength from
.5 to 1.1 micrometers. With the electromagnetic spectrum
region shown in Figure 1, it can be seen that Band 4 (.5 -
.6 um) and Band 5 (.6~.7 ,um) cover green and red bandwidths
at the same +time Band 6 (.7-.8 am) and Band 7 (.8~1,1 jm)

are in the near infrared region.

The number of bands or channels used with the MSS is

g
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not limited by the range of the electromagnetic spectrum.
It depends on the appiication purpose. For instance, high
flight aircraft has a 12 channel MSS and the LANDSAT-C has a
5 channel MSS, The Tabulation between type of MSS and the

electromagnetic bandwidth is shown in Table 2.

LANDSAT Multispectral Scanner Data

The elementary unit of the LANDSAT imagery scene is a
ground area of 185 x 185 square kilometers. Information
sensed 1is transmitted as analog electronic signal. The
analog electronic signals, together with internal
calibration measurements are transmitted +o0o the ground
station where they are digitized and formatted into a

digital data stream.

As information is recorded by the 4 channel MSS in the
LANDSAT's, an imagery scene is four separated data pictures.
Each picture contains approxiﬁately 8 million piece-wise
elements. A pictorial elemen£, pixel, represents a
numerical value of the integrated spectral reflectance of
the ground field approximately 50 meters by 80 meters along
the satellite path. The numerical value of each spectral
channel which is currently normalized to the range 0 to 63
is called gray shade. These gray shade values represent

ground field properties and they are the numerical values in

l1g
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the computer compatible tapes.

Selection of Program Packages

The available program packages for analyzing and
classifying the MSS data with the statistical concepts are:
LARSYS (3) of Purdue University with computer IBM 360/67;
WRL(4) of University of Michigan with computer PDP~8;
KANDIDATS(5) of University of Kansas with computer PDP 15/45
and RECOG(6) of Colorado State University with computer CDC
6400, Bach of the above packages has a certain degrée of
machine dependency with regards to the programming
flexibility and the computer lahguage usage. The machine
dependency has to be considered since the computers used by
each of the above packages differs from the computer

facilities at AIT-RCC.

The RECOG package of Colorado State University was
selected for implementation on the AIT-RCC's IBM 370/145

because :-

1} RECOG is a simplified version of the LARSYS and the
WRL, and combines their elementary classification
schemes, such as Level ©Slicing, Euclidean Distance

and Gaussian Maximum Likelihood.

AN



2)

3)

4)

PAGE 3

RECOG has minimum  machine dependent language

features,

RECOG programming structure was designed so that
each of - its work step is independent. Therefore,
any additional werk can easily be done without

interfering other step operations.,

The Input/Output handling routines can be modified
to take advantage of facilities provided by IBM

370/145 and reduce the computer time requirements.

Furthermore, the result of the werk cempleted not only

to adapt the mentioned package to the IBM 370/145 facilities

at AIT-RCC but also +to improve its Input/Output handling

system,

As a result, the computer time consumption after

the Input/Output handling improvement took less in the order

of magnitude than the earlier unchanged wversion.

Scope of Work and Work Plan

In carrying out this developmental work, the project

program was planned in three phases as follows:-

1)

Study program functions of the RECOG package

package and convert every machine dependent |

fal
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language subroutine to FORTRAN subroutine;

2) Set up input test data corresponding to the gramma-
tical words used in RECOG on the multispectral data
of LANDSAT-A computer compatible tapes and improve
the RECOG program package, such as eliminating
redundant subroutines and re~oxrganizing the

Input/Output handling routines;

3} With the supplemental study on ground truth
observation carried out from Auéust 1975 to August
1976, the classification work would be performed on
the LANDSAT-B computer compatible tapes over the

areas which the ground observations were taken. -

Due to the time limitation and the inavailability of
LANDSAT-B computer compatible tapes, the work of the final
phase was not possible. Instead, the classification was
demonstrated over the areas in the vicinity of Bangkok and

the Gulf of Thailand.
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IT RECOG PACKAGE

Historical Review

The RECOG program package has been available at
Ceolerado State University since 1972, The programming
developments and the basic c¢lassificatien concepts were
carried out by J.A. Smith and his working greup (8) so that
the simplified algorithms of +the LARSYS and WRL were
applicable on the CDC 6400 at the Colorado State University

computer facilities.

Initially, the RECOG organizer expected their package
to work in both interactive and batch processing fashions.
For the interactive mode, a RECOG user ¢can use a remote
terminal either to kev in his desired command as an input er
to display the statistical values as an output. With a
colour televigzgn image display station, he can request for
his image output display. Furthermore, the user can work in
a batch processing mode independently by using the computer'
. printer as an output device for both statistical value and
image display. The organizers also aimed that all programs
and subroutines of the package would have been written in
FORTRAN language for easier transfer to other installations.
Unfortunately, the package transference is inapplicable
witheout extensive program medification due te the following

three main reasens:-

| %3
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1) The informatioen content of the CDC 6400 computer is
60 bits per word. This constraint sets the file
structure, especially the MSS data file, to be used

with 60 bit woerd computer.

2) Time consumption and central memory constraint
cause some of the program being written in CDC 6400

machine language.

3) The interfacing systems between the remote devices
and the central computer CDC 6400 require some
internal system subroutine.

Since the commencement of the project, extensive

modification on the RECOG package has been carriéd out.

Modification of RECQOG Package

The objective of the programming develepment is to
develop a computer software system for interpreting the
LANDSAT's MSS data from the computer compatible tapes using
batch processing mode. Therefore, all program instructions
involved with the interactive mode were first eliminated.
The following work steps in modifying the RECOG package were

then conducted:~-
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4)

3)
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Changing the MSS data file structure so that it

can be accessed by a 32 bit word computer,

Converting every machine language subroutines to

FORTRAN subroutines.

Setting up input test data corresponding to the

grammatical commands used in each RECOG phases.

Eliminating the duplicated subroutines which their
differences were only the label common used in

different program steps.

Reorganizing the sequential input-~output f£iles of
the package to suit a random processing procedure
which substantially reduces the Input-Output

searching time.

Adding the cubic convolution technigque (7) to RECOG
package, The technique provides smooth computer
print-out images and helps wuser in extraction of
information in small subimage areas where

individual pixels can-be seen.

The above mentioned modification of the RECOG package

was completely done and installed on the AIT-RCC computer
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IBM 370/145, To distinguish between the original RECOG
package and the modified one, the modified RECOG package was

named RECOGX.

Classification Definitions and Technigues Used in RECOGX

Package

The original classification approach used in the RECOG
was defined by the LARSYS staff at Purdue University. The
LARSYS and RECOG packages were prepared for the 12 channel
MSS data with the technique called supervised learning.
This technique which needs a trainable pattern categorizer
is to be‘contrastéd with unsupervised learning methods where
little or no priori information is used before classifi-
cation (6). The only technical addition made to the package

is the cubic convolution interpolation concept.

The basic objective of RECOG is to recognize or
classify the combination of the gray levels of the MSS data
within the different electromagnetic bandwidths under the
assumption that the gray tone combination of an interested
view data collected at the different bandwidth can identify
that specific field view from all others. Although the
classification approach under such assumption is difficult
to clarify practically for the real MSS data, the precision

of work can still rely on either preprocessing trans-
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formation applications or the appropriate selection of

training data.

Since all the mathematical descriptions employed in the
RECOG package have been fully described in the Pattern
Recognition Routines for Graduate Training in the Automatic
Analysis of Remote Sensing Imagery manual publicized by
College of Forestry and Natural Resources, Colorado State
University, this report will brief the key functions and
classification approaches employed in RECOG and the same
mathematical notations described in such manual will also be
used. Although the RECOG package has originally been
described for the use of 12 channel MSS data, technically
the concepts can still exist for ghe 4 channel LANDSAT data
because it can be considered as a subset of +the 12 channel
data. The only distinction 1is the MSS data file whose
information content consists of 4 separate data sets instead
of 12. This is implied +that the channel 1 to 4 in RECOG
corresponds to Bands 4 to 7 of LANDSAT MSS data. For better
understanding, the followed description will be pointed out

by sample results shown in figures.
In RECOG, there are six computer-aid techniques linking

the MSS data to the three classification concepts. These

six computer-aid techniques are
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-MSS bata Representation (Gray Map)

~Histogram

-Statistical Value (Covariance or Correlation Matrix
Mean Vector and Standard Deviation Vector)

~Channel Graph Plot (Class Histogram)

=Statistical Graph Plot (Class and Coincident
Spectral Plots)

~Channel Determination (Divergent Concept).
The three classification approaches are
-Level 8licing Decision Rule (LEVELS)
-Euclidean Distance Rule (EUCLID)
-Likelihood Rule Assuming Multivariate Gaussilan

Probability Density Functions (GLIKE)

MSS Data Representation (Gray Map) : is a

symbolic map produced by a computer printer under a
procedure of assigning a computer symbol to a mutually
exclusive subset of the MSS gray tone values, This
gray map not only provides a user a convenient way to
produce LANDSAT images but also permits the accurate
matching of pixels. With the appropriated gray tone
arrangement, the gray map of each channel can
discriminate the different ground features. The sample
of gray maps which have 15 distinguishable shades of

the MSS data in Band 5 (channel 2) and Band 7 (channel
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4) are shown in Figure 3 and Figure 4, respectively.
The gray map is only a guidance meant to aid the user
to learn what ranges of gray tene are related +to his

interested feature.

Histogram: is a graphical plot which shows the
relation of the gray tone values and frequency of their
occurrences, The horizontal axis represents the gray
tone wvalues and the vertical axis represents the
frequency of- occurrence for each gray toene. A
histogram of the Band 5 MSS data which gives the gray
tone distribution of the same area in Figure 3 1is shown
in Figure 6. From these two cemputer aid ;echniques,
it can be seen that any interested feature may be
represented by a range of gray tone values and its gray
tone distribution is overlayed by some other features,
For example, a symbol % in the gray map Figure 3
appears not only at the mangrove forested area but also
at the deltalc area. Statistically, we can represent
an interested feature of a MSS data channel by mean of
setting up a sample set whose mean and standard
deviation can be computed. Furthermore, the relation
of the feature among MSS data can be represented by a
cprrelation matrix. Rectangles shown in Figure 3 and 4
are sample sets for several features. In RECOG, a set
of rectangular areas which represents a same expected

~

feature 1s called a class of training set and each
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rectangle is also called a field of training set.

Statistical Values (Covariance or Correlation

Matrix, Mean Vector and Standard Deviation Vector):

The classification approaches employed in RECOG use
these statistical values as arguments for the
computational algorithms. RECOG will provide all these
statistical values in form of computer punch cards so
that once they are sampled, they can be re-used with
any additicnal training classes specified for later
c¢lassification work. Sample outputs of correlation
matrices, mean vectors, and standard deviation wvectors
for training set classes 'MON1', 'ROAD', and 'SWPLl' are
shown in Pigure 9. Occasionally, some training classes
are mig-gelected and/or duplicated, thus there are two
computer-aid technigues: channel graph plot and
statistical graph plot, to inspect the behavior of the

training classes.

Channel Graph Plot (Class Histogram) : is a set

of N-channel histograms for a training class. These
histograms will help the user to inspect whether any
mis-selected training data points occurred by giving a
multimodal distribution. Figure 10 displays three
selected training classes in channel 1 to 4 (or Band 4

to 7 according to LANDSAT).
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Statistical Graph Plot (Class Spectral Plots and a

Coincident Spectral Plot): is a plot which

represents a class mean wvalue and its standard
deviation for an interclass comparison, Class spectral
plots shown in Figure 11 indicates the statistical
variation in gray tone values of the 4 channels. The
center of the row of asterisks '*' is a specified class
mean value and the length of the row presents plus and
minus its one stardard deviation. The duplicated
classes may be easily found by checking the displayed
patterns of classes among channels. However, it takes
quite some time for checking through. Therefore, RECOG
provides a summarized spectral plot called a coincident
spectral plot which coincides all the class spectral
plots to one plot. From a coincident spectral plot
shown in Figure 12, it can be seen that class 2
(Mangrove training area) and class D (Swamp area) are
statistically the same in channel 2 (band 5) and are
different in channel 4 (band 7). If there are any
duplicated spectral plot of +the training classes for
various channels, one of them can be selected as their
representatives oxr they can be re-defined as the same
class sample points. So far, the described
computer—aids have been used to select +training
classes. Time consumption is gquite insignificant
because the selecting procedures deal with several

small subimages. However, the classification scheme,
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especially maximum likelihood decision rule, redquires a
considerable amount  of computation. Furthermore,
processing time increases rapidly and non-linearly with
increasing channels and décreasing accuracy could
actually result if all available channels are used (8).
To determine which c¢hannels to use, RECOG uses the
LARSYS divergence algorithm for selecting the best
subset of channels to discrimate the c¢lasses of

interest.

Channel Determination: is a  process of

selecting the best M subsets of the given N channels
from the N given mean vectors and covariance matrices.
This divergence algorithm is described by Marrill and
Green (9). Sample output of channel determination
shown in Figure 14 was computed from the given class
mean vectors and covariance matrices of 4 MSS channels,
the divergence between all pairs of classes as a
function of channels. RECOG will print the channel
combination divergence corresponding to a descending
order of the divergence measures. The greater the

divergence, the better the channel combination.

Next consideration is to use the appropriated
decigion rule £for an accurate, fast, and economic
classification. The following <classification des-

criptions discuss the npature of each classification
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approach, its accuracy and time consumption.

A Level Slicing Decision Rule (LEVEL): agsigns

a class type to a data pixel whose gray tone value is
in the range of the given minimum and maximum values of
‘each selected channel. LEVELS 1is the gimplest and
fastest computational algorithm because the given
pranges can be thought of as entries to a table look up.
JFor example, Table 3 indicates that any sample pixel is
assigned to a class type 'H', 1if its gray tone value is

in the range 12 to 13 of Band 5 and in the range 3 to 5

of Band 7.

Although LEVELS is the fastest .algorithm, there

are two misleading assumptions:

1) every value of the given minimum and maximum

range has equal probability of occurrence;and

2) each class type has uniquely been specified by
the given range. This assumption is not always
true because some c¢lass types can have an

overlapping gray tone distribution,

Due to these misleading assumptions, both error of
omission and error of commission c¢an be rapidly

increased. Sample output of a LEVELS recognition map is
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shown in Figure 17.

An Buclidean Distance Rule (BEUCLID}: assigns a

class +type based on a c¢lassified boundary which 1is
specified by the given class mean vectors and standard
deviation elements of the given class covariance
matrices. This c¢lassification scheme give some
controls to a RECOG user who knows the nature of his
interested sample area. Each claséified boundary can.
easily” be adjusted by changing a contrel pérameter
which is a function of the means and standard
deviations. However, it takes longer time +to decide
what given class type a sample pixel X belongs to since
a statistical distance of X with respect to the center

of each boundary is needed to determine.

The Fuclidean distance is measure of closeness
between the unknown sample vector X and the mean vector
M for the class under consideration weighted by the
variance of the mean value in each channel. With the
covariance information ignorance, EUCLID treats the
gray tone distributions as statistical independent
across channels. This is quite some obstructions to thg
classification results because the correlation of thé
data nature across channels has somewhat significant
dependency. * These can be seen <£from the correlation
coefficient element of the sample output in Figure 9.

There are at least two practical procedures to maximize
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correct classifications and minimize misclassification.
First, a principal component transformation on the data
to derive linear combinations of channels which are
independent must be performed to f£it +the EUCLID.
Secondly, numbers of of several iterations to adjust
the control parameters must be trailed so that the
relevant closeness distance between mean and sample is
well specified in the overlapping area of the different
boundaries. Thig is quite troublesome and it takes
longer operations to interface between the automated
processing and man decisions. Sample output for an
Buclidean recognition map is shown in Figure 20.

—

The Gaussian Maximal Likelihood Ratio Rule

(GLIKE) : uses conditional multivariate Gaussian
probabilities to assign a class type according +to its

highest given probability toward a sample pixel. Under

the assumption that +the interested sample data are
normally distributed, this rule 1is the most accurate
classification scheme requiring a considerable amount

of computation time.

Owing to the highest probability assignment, every
sample point in a given data map will be assigned even
in the overlapping boundaries. Therefore, the degree
of accuracy depends on how many classes can cover the

overall boundaries and how likely the gray tone
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distributions behave as a Gaussian distribution. If
any maltimodal distribution of a desired class occurs,
we can simply split it up into several subclasses which
may then be more normally distributed. After all
processing, the recognition results from these
subclasses may then be combined. In most cases, the
error of commission effects the GLIKE decision rule
because fewer classes are specified for classification
scheme. One way to compensate this error type is te
reject the classified sample point which do not exceed
a certain confidence level or threshold. This
substantially has the effect of thresholding out an
unknown sample pixel which does not really belong to
the defined classes. Sample outputs of the recognition
maps are ghown in Figure 22, 25 and 27. Figure 25 and
27 display the GLIKE recognition map associated with
the thresholding values. Furthermore, Figure 27 shows

that two subclasses of water type are combined.

As mentioned, the RECOGX package contains a cubic
convolution interpolation technique which is
recommended by P.V. Wiu (7)., This technique provides
smooth computer print-out images and will help users in
extraction of information in small subimage areas which
individual pixels can be seen. It is implied that any
small subimage area which was previously difficult to

be defined as a class type in RECOG such as roads c¢an
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be enlarged by using this technique,. Sample outputs
for the originated subimage and the enlarged o©ne are

shown in Figure 28 and 29, respectively.

Use of RECOGX

According to the Generation and Physical
Characteristics of the MS8S8 System  Corrected Computer
Compatible Tapes publication, a LANDSAT imagery scene is
divi@ed into feour imagery strips each of which consists of
approximately 820 pixels wide and 2340 pixels lohgm In
order to obtain the M8S8S data in the CCT which includes
information from all four spectral bands, the data from the
bands are ccmbined in process called interleaving. This is
an operation in which two bytes of data from each band are
interleaved to produce an eigth-byte group, which is the
smallest element of interleaved data. Therefore, a pre-
processing step of RECOGX is to cenvert each imagery strip
of interleaved data to be four separate data sets within a
computer file called a RECOGX reformatting file. The RECOGX
reformatting file also provides imagery coordinates, 1-824
column-wise and 1-2340 row-wise, to the RECOGX user for
refering his interested areas +to +the RECOGX programming

steps.

There are six programming phases of the RECOGX package
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for the user to extract and classify his interested
subimage. The following six programming details associated
with their control cards and output summaries are as

described below:

Phase T This phase is used in conjunctien with
ground informatien to select training and test fields. It
reads the spectral data from a RECOGX reformatting file and
displays selected channels of desired area in form of gray
map. An optional histogram of data distribution in the

specified area can also be plotted.

Eigure 2 displays the control cards requested by the
user to print a gray map of MSS data in Band 5 and 7 for the
Mangrove area around the Bang Pakong Egtuary. The selected
area according to the RECOGX coordinates is.lines 445 to
565, every line, and columns 387 to 506, every column.
Fifteen diégliguishable gray tone ranges are given
corresponding to the specified symbols in the 'CHARACTERS'
and 'XCHA' commands. The gray map outputs of Band 5 and 7

according to the contrel cards of Figure 2 are shown in

Figure 3 and 4, respectively.
Figure 5 is the control cards requesting for band 5

histogram of the Figure 3 area and the histogram plotted by

PHASE I shown in Figure 6.
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Phase I1I This is a statistical processor for the
training fields selected after studying Phase I output and
ground information. The first statistical information
priﬁted consists of a correlation matrix, a mean vector, and
a vector of standard deviation for each selected channel.
Only the lower triangular portion of the covariance matrix
and mean vector of each field are punched on cards which
will be used for classification purpose ih Phase III, Phase
IV and Phase V. Histograms of the data distribution for
selected channels in each field will be displayed to check
if there is any fault selection training class. The class
spectral plots and a coincident spectral plot will be
printed as the last step to show the combination between the

selected channels and the selected c¢lasses.

Figure 7 shows .the control cards used for Phase II
indicating that the user selectéd 7 training classes from
the Gray map of Figure 3 +to get their statistical values.
The rectangles indicated in Figure 3 and 4 are the selected
fields of these seven training c¢lasses which are composed of
3 classes of distinct water levels, 2 classes of swamp area,
ene for mangrove forested area and one for road. Each field
of these seven classes refers to the RECOG coordinates

indicated by line and coelumn number. The control cards

request the following statistical results:

1) sStatistics for all defined classes; correlation
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matrices, mean vectors, and standard deviation
vectors will be printed; covariance matrices and

mean vectors will be punched.

2) Histograms for channel 1, 2, 3, 4 (or Band 4, 5, 6,

7) and all classes.
3} Class spectral plots for all classes,
4) A coincident spectral plot.

First, Phase II sorts the input data cards and
summarizes the information as indicated in Figure 8. The
correlation matrices, mean vectors and standard deviations
for three of the seven classes are printed and shown in
Figure 9. Due to the symmetrical property of the covariance
and correlation matrices, only their lower portion of
matrices are punched ané printed, respectively. The
correlation matrix will show the most and the least
correlations among the selected channels for each class.
Sample histograms for three classes of mangrove area, road,
and swamp area for channel 1 to 4 are shown in Figure 10.
The class spectral plots for these three classes indicating
the statistical variation in g¢ray tone for each selected
channels are given in Figure 11. The ceﬁter of the row

¢

asterisks '*' is the mean value and the length of the row

represents plus and minus one standard deviation. The last
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output shown in Figure 12 is a coincident spectral plot
representing the spectral plots of all c¢lasses within a
channel to compare and check whether there is any duplicated

class.

The results of Figure 10, 11 and 12 depict the
interclass comparisons to serve the following three

different purposes:-

1) The maximum and minimum gray tone values in each
channel for each class can be used as parameters

for the level slicing classification process.

2) The more disjoint of the gray tone distribution in
each channel the better a classification will be
resulted. The separation or overlapping
distribution can be inspected from +the c¢lass
spectral plots and coincident spectral plot. If
there is any overlapping distribution, this may
result to divide such class into several

subclasses.

1) For the better GLIKE claszification work, the uni-
modality of each class histogram must be examined.
The multimodal distribution of a training class may

cause greater commission error.
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Phase IIT The program computes the divergence

between all pairs of classes as a function of channels. It
will select the ten optimum wavelength channels which can
best discriminate between the fields of interest to the best
of ‘the divefgence values. Pigure 13 shows the input control
cards requesting the best two of four channels for the given
seven classes. A distance measure has been determined for
~all pairwise combinations of the seven classes and for all Cg
ways of selecting 2 channels from the 4 chaﬁnels possible,
For each channel combination, the minimum distance, the
maximum distance, and the average distance have been
calculated and the channel combinations sorted according to
decreasing average . pair-wise distances. Only the ten most
significant combinations are printed 1like Figure 14,
Unfortunately, the divergence criteria suffers from not
having an absolutely calibrated distance scale and by
relying so heavily on user interaction for interpretation of
results. That is, a divergence distance of_ 10.7 means
nothing by itself, but only in compariscn to other pair-wise
distance for other classes. By comparing divergence
distance between the best twe selected channels 3-4 and
channels 2-4, channels 2-4 gselection has better
discrimination because most of the pair distances are
higher. Therefore, channels 2 and 4 are selected for the

following classification processes.

Phage IV This is a preclassification precessor
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intended for an experimental categorial assignment regarding
the decision sgschemes, Such decision schemes are level
slicing, Euclidean distance and Gaussian likelihood ratio.
The program reads the MSS data from a RECOGX reformatting
file and reads the statistical value arrangements of the
defined classes, that is, the level slicing classification
requires only the maximum and minimum values of each class
in the selected channels while the Euclidean distance and
Gaussian likelihood ratio classifications require covariance
matrices and mean vectors of the selected classes. The
recognition map and summary table which contains number of
pixels for each categorial assignments will be printed.
Figure 15 displays control cards requesting for level
slicing decision scheme. Given statistical maximum and
minimum gray tone values of c¢hannel 2 and 4 for the 15
different water levels, the classified area is at Bang Pra
reservoir whose RECQGX coordinates are lines 837 to 889 and
¢olumns 513 to 549, First Phase Iv sorts +the input cards,
assigns a recognition map symbol to each class, and
summarizes the information in the table form shown in Figure
16. The recognition map and the summary table are shown in

Figure 17 and 18, respectively.

Figure 19 shows the input control cards for using the
Euclidean distance classification EUCLID, As we previously
described in the 1last section, Euclidean decision rule

required a thresholding value per class for its
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classifidaticn scheme. In this case, the thresholding
value of every class is assigned a value of 1. With the
given mean vectors, covariance matrices, thresholding value,
training field coeordinates and the best two selected
channels, the recoeghition map of the- same area in the gray

map Figure 3 and 4 is shown in Figure 20,

Figure 21 shews the control cards requesting for the
Gaussian likeliheod ratio decision scheme GLIKE. Without
the thresholding centrol cards, the input data for GLIKE are
the same as in Euclidean one. The GLIKE recognition map of
the same area classified by the EUCLID is shown in Figure
21. Since this decision scheme is based on the highest
conditional probability of tﬁe given <classes, the
recegnition map of Figure 2L provides the classified
characters to every pixel even though some of them do not
really belopg éo the defined classes. As a result, Phase V
and VI were written to reject the classified pixels whose
conditienal probabilities de not exceea.a certain confidence
level or thresholding wvalues according to the Chi-square

table.

Phase V Only the Gaussian likelihood ratie scheme
will be wused for this final‘classificatien.v Phase V will
classify the given MSS data from a RECOGX reformatting file
according to the covariance matrices and the mnean vectors

for the defined classes in’ the selected channels. Then an
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output recognition map which contains the assigned category
and its highest conditional probability will be written in a

computer file feor the use in Phase VI,

Figure 23 .shows the control cards requesting for a
Gaussian maximal likelihood decision scheme GLIKE with the
same classifying area, covariance matrices and mean vectors
of the same assigned classes as given in Phase IV EUCLID and
GLIKE schemes. Symbols have been specified for each class
from the controcl card set: A for mangrove area, E,F and G
for three different water level, ¢ and D for two distinct
swamp areas, and B fer road. If the classification process
is successfully executed, the comment, FILE WRITTEN ON TAPE

8 is printed.

Phase VI The purpose of +this phase is to threshold
out every assigned category which does not really belong to
any of the assigned classes., With the number of channels
used in Phase V and the given thresholding index for
Chi-square .table in Phase VI, every misclgssified pixel
whose condiitonal probability does not exceed the given
thresholding value will be rejected. To obtain a
thresholding wvalue from the Chi-square look up table in
Phase VI, the required entries of this table are number of
channels used in classification and ‘a thresholding index.
This thresholding index is a set of integer value varying

from 0 to 10. If 0 thresholding index specifies on a
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classified class, no rejection process will conduct to that
class. Elsewhere, any thresholding index between 1 and 10
will cause Phase VI to threshold out a percentage of points

corresponding to the following table.

Thresholding Index Percent Thresholded Out
1 0.1
2 0.5
3 1.0
4 2.0
5 2.5
6 5.0
7 10,0
8 20.0
9 25.0

10 50.0

‘Figure 24 shows the control cards and header
information requesting to the thresholding indices: '4 for
'MON1' (mangrove area), 7 for 'ROAD' (road class), 2 for
'swWPl' (swamp area), 3 for 'SWP2' (shallower swamp area),
and 1 for 'WTRl', 'WTR2', and 'WIR3' (three distrinct water
Adevel}. The thresholding recognition map corresponding to

this request is shown in Figure 25.
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Figure 26 shows the control cards and header
information for the increased thresholding indices and the
re-assigned symbols for the seven defined classes. The
-outputs of 'recognition map and the number of final

classified pixels for each class are shown in Figure 27.

" In fact, the .degree of accuracy or confidence in this
final classification depends on how +the training class
behaves as a normal distribution in the selected channels
and.what qualification of the ground area appropriates for
the fraining class. With the six computer-aid techniques
and three classification schemes in RECOG packagé, and the
additional cubic convolution technique, a final
classification work can be accomplished through the six

programming phases in RECOGX.
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IITI APPLICATION SAMPLES

During the RECOG package modification period, the
following two imagery CCT's of LANDSAT-A were available at

AIT Regional Computer Center:-

1) E1167.H03070 which covers the south eastern part of
Thailand is taken on the passing date January 6,

19873.

2) El168.H03L22 which covers Thailand central plain
including Bangkok is taken on the passing date

January 7, 1973.

Two RECOGX reformating files which contain the second
strip of E1167.H03070 and the fourth strip of E1168.H03122
has been stored in disk pack of the IBM 370/145. The second
strip of Ellé?.HOBO?O covers mangrove forestry area, Bang
Pakong River, BangPra Reservoir and the eastern beaches of
Thailand and the fourth strip of EL1l68.H03122 covers
Bangkok, Don Muang Airport, Rang Sit area, Wang MNoi, Ayuthya
and Lopburi  provinces. According to the  LANDSAT
photographic imageries, these two scenes had less éloud
coverage and are very clear in every band. Therefore, the
test run and classification trails were processed based on
these two reformating files. Furthermore, these imagerial

scenes, south c¢entral plain and the southern part of
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Thailand scenes for several passes of LANDSAT-B were ordered
from US EROS data center at the end of January 1976.
Unfortunately, the only two scenes were received at AIT-RCC

at the end of September 1976. These two scenes are:-

1) E2073.H02552 which is the same area as E1167.,H03070

is taken on the passing date April 5, 1975; and

2) E2182.H03014 which covers the southern part of
Thailand including Prajuab province is taken on the

passing date July 23, 1975.

Approximate 85 percent of these two scenes are cloud
coverage and the rest of the scene is most probable

distorted by shadow of the high thin cloud.

As a result, the areas used in this report for the
three classification approaches and the cubic convolution
interpolation technique are based on the second strip of
E1167.H03070 and the fourth strip of E1168.H03122.

Geographically, the areas used from the second strip of

E1167.H03070 are:-

1} Mangrove area around the Bang Pakong estuary;
2} Bang Pra reservoir;
3) Deltaic area of lower Bang Pakong estuary; and

the areas used from the fourth strip of EllGB.H03122
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are:-

1) Rang Sit area including the intersection between

Pahonyotin highway and Rang Sit cannel

2) Wang Nol District.

Level Slicing Classification:

As stated under level slicing decision definition, the
distribution of any feature under this classificdtion scheme
ought to be non-interest uniform distribution. By studying
several class histogram of the given training clasées, an
non-overlapping distribution in Band 7 of the deep water,
such as reservoir and sea water, is found. Two selected
areas for this classification are Bang Pra reservoir and
deltaic area__;% lower Bang Pakong estuary. Gray maps of
Bang Pra reservoir in Band 5 and 7 are shown in Figure 30
and a gray map of deltaic area of lower Bang Pakong estuary
in BAND 5 is shown in Figure 32. From Figure 31 and 33
which are the c¢lass histogram of Bang Pra reservoir and
deltaic area, respectively, we can see that the water
feature gives the unimodal distribution for both Band 5 and
7. To avoid the misclassification due to the uniformity of

"the distribution we can simply divide the distributions into

several sub~region as the sub-division of the level slicing
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region shown in Table 3. The level slicing recognition maps
for Bang Pra reservoir and the deltaic area of the lower
Bang Pakong river are shown in PFigure 17 and 34,

respectively,.

Euclidean Distance and Gaugsian Maximal Likelihood

Classification Schemes:

As earlier mentioned, these two decision schemes
require the statistical wvalues from the defined classes as
their input parameter. Euclidean will classify the MSS data
based on classified boundary constructed by the class mean
and standard deviation regardless of +the interchannel
relation. In case of the overlapping distribution, the
decision rule will discrimate what eclass to be assigned from
the closeness of the statistical distance. This
substantially provides a user some control to his results.
Meanwhile, Gaussian decision scheme require only the
unimodal  distribution of the training classes. It
classifies an unknown pixel to a c¢lass whose conditonal
probability is highest. fThe 1misclassification potential of
Euclidean is error of omission while of Gaussian is erro£ of
commission. Certainly, the ¢lassifying area for these two
classification scheme must have serval features whose
sub-~area is large enocugh to specify a training set for each

feature. The selected area for these decision schemes is
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mangrove area around the Bang Pakong estuary. Its gray maps
in Band 5 and Band 7 are shown in Figure 3 and 4. The
rectangles in both gray maps are training fields which are
set up for mangrove (MON1l) class, three distinct water level
sub-classes (WTR1l, WIR2 and WTR3), two distinct swamp area
sub-classes (SWP1 and SWP2) and road feature (ROAD). These
rectangular locations corresponding to the RECOGX
coordinates are indication in Figure 7. By c¢lass histogram
compariscon, the road training class gives the worst gray
tone distribution as shown in Figure 10. From the output
punch cards of the statistical values, the divergent concept
employed in Phase III of RECOG indicates that the best two
channel for decision schemes are channels 3-4 and 2-4., The
combination of channels used for these decision schemes are
2-4 because mest of the statistical pair distances of 2-4
combination are higher than 3-4 combination as shown in
Figure 14. The Euclidean recognition map of this mangrove
area with the thresholding value 1 for every defined class
is shown in Figure 19 and the Gaussian recognition map of

the same mangrove area 1Ls shown in Figure 22,

Gaussian Maximal Iikelihood Ratio Associated with +the

Chi-squaxre Table:

Geographically, the road classified pixels, appear in

the GLIKE retognition map Figure 22, have some
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contradictories against its nature such as numbers of single
disconnected road pixel spread over the mangrove area and
the road width in some places is too wide according to the
described pixel size. The statistical reasons behind this

misclassification result are :

1) the selected training subimage for the road c¢lass
too small to exclude the non-road pixel and thus
the road distribution shown in Figure 10 are not

normally distributed for any channel; and

2) the gray tone range of the road class in ‘each
channel is at the middle of the band range. Hence,
the unknown classes which do not close to any other
defined classes tend to be assigned to the road
class owing to the highest conditional probability

criterion.

Eliminating the misclassified pixel is to use the
Gaussian maximal likelihood ratio criterion with the
Chi~square table. . From Figure 25 and 27, thresholding
indices given +o the rcad class are 7 and 9,respectively.
This indicates that the better possibility of the classified
road‘pixel should be. However, the thresholding values of
the Chi~square table do not effect the clasgsified pixels
which are strongly connected within the class. For example,

numbers of classified pixels for the 'WTRL', 'WTR2', 'WTR3'
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and 'SWPl' do not decrease even though their thresholding
indices are up to 4. The numbers of c¢lassified pixels for
each classes can be seen from the summarized table in Figure
22,25 and 27. Moreover, gsome of the classified symbols in
Figure 27 can be re-assigned for the sub-classes composition
('"WIR2' and 'WTR3' are assigned to 'G' symbel) and for the
image enhancement {'MON1l' as N and 'ROAD' as I).

The similar trail has applied to the Wang Nol District
whose area is in the fourth strip of the E1168.H03122,.
However, the Wang Noi area covers so many tiny features such
as artificial waterway, bare ground and harvested rice
field, while the mangrove area around the Bang Pakong
estuary covers most of the main feature. The £final
recognition map at Wong Nei District with 10 distinct

feature shown in Figure 35.

Cubic Convelution Interpolation Technigue:

-

According to +the difficulty of the small training
selection, RECOGX includes a c¢ubic convolution interpelation
technique introduced by P.V. Wiu and his working group(7).
The computer program was written to enlarge the small
subimage whose coordinates are known frem a RECOGX
reformatting file. The output file of the enlarged subimage
was organized in the same fashion as the RECOGX reformatting

file so that every programming phase can access it without
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any grammatical command changed. The Band 5 small subimage
of the Rang Sit area that covers the intersection of the
Pahonyotin highway and Rang Sit canal (Figure 28) is
selected for +this technique. The gray map of the 10 x 10
enlarged subimage for the mentioned area in Band 5 is shown

in Figuré 29,
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IV SUMMARY

RECOG package of Colorado State University was selected
for implementation on the IBM 370/145 at AIT~RCC to classify
and interpret the informaiion on the Computer Compatible
tapes obtained from the LANDSAT in passes over Thailand.
Due to the computer system difference, 951X modifying steps
were conducted to adapt the RECOG package to suit the AIT
computer facilities and to improve the performance.
Furthermore, the cubic convolution interpolation technigue
was added +to the modified package to allow more efficient
seleetion of the small training £ield. To distinguish
between the original and modified RECOG package, the

modified package was named RECOGX.

The basic objective of RECOGX is to recognize and
classify the combination of  the LANDSAT Multispectral
Scanner Daté__gn the Computer Compatible Tapes. These
information interpretation and clasgsification work can be
performed by using six cpmputer-aid techniques and three
classification decision schemes from the RECOGX package.
Two of these three decision schemes provide a user a control
parameter, that is, with the statistical value of the

selected training field the classification results can be

controlled by changing the parameter indices.

Two strips of the different LANDSAT-A imagery scenhes
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were selected for these clagssification works. The
classified areas were Mangrove area around the Bang Pakong
estdary, Bang Pra reservoir, deltaic area of lower Bang
Pakong estuary and Wong Noi District. The small subimage to
test the image enlargement of the cubic convolution
technique is Rang 8it area including. the intersection
between Pahonyotin highway and Rang Sit canal. However, it
was the initial intention to c¢lassify some of the mentiocned
areas from the LANDSAT-B computer compatible tapeé.
Unfortunately, it is not possible to process such data in
time due to the late delivery of LANDSAT-B CCT., Mereover,

the late received LANDSAT-B imagery scene covered by cloud

coverage approximately 85 percent.

Although a question of the ground truth observations
corresponding to the LANDSAT passing date of the classified
scene has bheen left unanswered by this report, the
classification results promisingly indicate that the road
feature and the waterway can be identified by the use of the
computer—-aid techniques and the classification decision
schemes. Future research should focus on refinement of the
ground measurement settings to improve the accuracy of the

classification work.
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REMBTE SENSING DATA ANALYSIS

PHASE ONE

LESSHSSES PSS IS5 5SS GROUP OF CONTROL CARDS ENCOUNTERED SESHEESELEHE5555858y

$ GRAYMAP

INPUT 9 FILE 1 C(HAN 2 TAPE ERTS5 LINE 445,565,1 COLU 387,5064+1

FIME 9.30 RUN 1 DATE -NOVEMBER 20'1976.ALTITUDE 9999 FEET

TRANS T-10.55105-11.5,11.5502.5,12.5-132541325~15+571495-15.5315.5~1645

RANS 16.5—-19.5312.5-21e552105-25.542525-30.5731.5-35.5335+5~40+57400s 6~45.5

TRANS 45,5-563.5 - T T rommmmn

TCHARACTERS MXSBMFXIVI/=F- oo Ty

XCHA W)=l

TNLEV 100

T$BEGIN T

§ GRAYMAP o

“ENPOT "9 ETLE T CHAN 4 TAPY ERTSS LINE 445,565,1 COLU 387,506,1

TIME 2.30 RUN 1 DATE NOVEMBER 20,1976 ALTITUDE 9999 FEET

FLIGHT LINE AITRCC GROUND HEADING 180 OEGREES NCHA- IS

TRANS BI3.5:2.5-4.5,4.5~ 5.5, 5.5- 7.5, 7.5-11.5,11.5°15.5,15.55Y7.5,17.5-18.5

RANS 18.5-19.5419.5-2045320e522+5322+5-23+5123e5=2%445324+5-26:5,26.5-28.5

RANS 28.5-31.5

" CHARACTERS MXSBMHXIVI/=+—

XCHA WI*1
NLEV 100 ) T T e ) -
TFTBEGINTTTT T T 7T . ) T T
L CONTROL CARD ERROR DIAGNOSTICS e
R F R NG FATAL GRRORS ENCOUNTERED BEGIN EXECUTION FEEAFERRT R

Figure 2: PHASE 1 CONTROL CARD. Two sets of control cards request for graymap of the MSS data in Band
5 and 7 for the Mangrove area around the Bang Pakong Estuary.
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REWOTE SENSING DATA ANALYEIS

FHASE ONE
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Tigure 4: PHASE 1 GRAYMAP OF BAND 7. The grayscale printout with 15 different symbols resulting from the
bottom set of control cards request of Figure 2 has been printed. Rectangulars are training sets that
¥ will be used for classification approaches.
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REMOTE SENSING DATA ANALYSIS

PHASE ONFE

SEESE5ES5E555 5% GRUOUP OF CONTROL CARDS ENCOUNTERED 545585353955 55%

¢ HISTUOGRAM

INF;UT 9 FILE 1 CWAN 2 TAPE ERTSS LINE 445:565,1 CULU 387+4506,1

TIME 9.30 RUN 1 DATE NOVEMBER 20,1976 ALTITUDE 9999 FEET

FLIGHT LINE AITRCC GROUND HEADING 180 DEGREES

S U —

$ BEGIN

o

.- - = - - - = -

CONTROL CARD FRROR DIAGHNGSTICS

HF AR N3 FATAL ERRORS ENCOUNTERED BEGIN EXECUTION o

Figure 5: PHASE I CONTROL CARD FOR HISTOGRAM. A set of control cards requests for a histogram of the
MSS data in Band 5 for the area of Figure 3.
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REMUTE SENSING DATA ANALYSIS

PHASE ONE.

H1STOLRAM UF RADIANCE

CHAMMEL 5  SPECTRAL BAKD O.ogQ

i
|

EALH #+ REPRESLENRTSL B& PUINTS

0.70___MICROMETEKS

e e e iin

80,00

100.00

TT258G 1 ¥
1 e e . : .
2408 I *
. R LR
2236 1T FESS
U N L
206k T LR
1 A .
1892 -1 ET' )
_ . “I . +3E
1720 1 LSS
B 1 _ i EL
1546 1 g
1 wEEY
1376 | AEEF 2
.1 ok Sk p
1204 1 Fgesior
I g
163z 1777 T awke
1 Rl
86U 1 wErzax T o ' T
1 FEFETEE
okl 17 N ki
I kR EEYY
T /e T U TT Frrrkran 4
1 Hrwk R LEGE
344 1 T ek e e -
i 1 EHREAERTELE 5
YT I lT4psickririyetis 2
1 ARYRaFEE ELXEEF L6GH4D14331] 1
1 + + + + + + 4 + + + =
0.0 (20,00 . 40.00 60 - 00
Figare 6:

PHASE [ HISTOGRAM. The histogram printout resulting from the control cards request of Figure 5.
The horizontal axis represents the gray tone value. The vertical axis represents the frequency of occuz-
rence for each gray tone. In this particular example, each * represents 86 pixels. The numerical digits

{1—9) indicate the fraction (0—100 percent) of 86 pixels that occurred for the gray tone value.
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REMOTE SENSING DATA _ANALYSIS

PHASE TWG

S$355555555555555555  GRUUP OF CUNTROL CARDS ENCOUNTERED  $35SS55555$555585585

'$ STAT CLAS AtL -

TS THIST CUAS ALL

$ HIST CHAN 1 2 3 4

TTETCosP Aty

$ PRINT $ PUNCH INPUT 9 FILLE 1

TCHAN ALL TAPE RECOGX RUN NUMBER 1 FLIGHT LLINE AITRCC DATE SEPTEMBER 2,1976

TIME 14.30 ALTITUDE 999999 FEET GROUND HEADING 180 DEGREES

FIEL SWP1 | LINE 4563464y1 COLU 470547341

"FIEL SWP1 Z LINE 403946541 COLU 464447051

TFIFL SWPE 3 LINE 559,5565,1 COLU &4TS.481,1
FIEL SHWPZ L LINE G4&45+451,1 COLU 387,39341
FIEL ROAD 1 LINE £4565,473,1 COLU 466.:46741

T FTEL ROAD 2 LTNE 485,489,101 COLU 464,465,1

FIEL WTRL 1 LINE 445,448,1 (OLU 439,443,1

TTBIEL WTR1 Z LINE %4%5,648,1 COLU 46%,480,1

T FIEL WTRL 3 LINE 450:453,1 COLU 447,%59,1

FIEL WIRL & LINE 455,467,1 COLU 48%.491,1
FIEL WTRL 5 LINE 4B9,498,1 COLU 430,433,1

TTUFIEL WIRZ L LINE 4B0,481,1 COLU 452,478%1

FIEL WIRZ 2 LINE S505,507,1 COLU 409,421,1
" UFIEL wTR2 3 LINE 508,509,1 COLU 403,422,1
FIEL WTRZ 4 LINE 511,513,1 COLU 39G,414,1

EIEL WTR3 1 LINE 521,565,1 COLU BB7,402,1

TFIEL MONL 1 LINE 6T4,47%,1 COLU 426,43571

FIEL MUNY 2 LINE 485945751 COLU 406,413,1

FIEL MONL 3 LINE 485,500,1 COLU 4306,448,1
T s seeIn

CONTROL CARD _ERROR DIAGNGSTICS

- R A AR AR & NG FATAL ERRORS ENCOUNTERED <~ — — BEGIN EXECUTION dd Ak ke

Figure 7: PHASE II CONTROL CARD. With the RECOG coordinates of the rectangulars shown in Figare 3 and
4, swamp’ areas; road; estuary and detaic area of Bang Pakong; and the mangrove forestry have been
selected as training sets for which statistics are to be obtained. A mean vector and covariance matrix, a
coincident spectral plot, class spectral plots, and class histograms for each channel are to be obtains.
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REMOTE SENSING DATA ANALYSIS

PHASE TWO
' RUN NUMBER 1 FLIGHT DATE SEPTEMBER _ 2 -
FLIGHT LINE __AITRCC EtIGHT TIME 14230
TAPE NUMBER - RECUGK FLIGHT ALTITUDE999999 EEET
. FILE NUMBER _ 1. _ _ . _GROUND HEADING 180 DEGREES:
L &_ CHANNELS 824 POINTS PER SCAN LINE
CLASS FIELD LINES " TCOLUMNS
NAME. NUMB ER
MONI 1 474 479 1 426 435 1
MONL 2 485 45T T 406 A13 X
MUNT 3 485 500 ... _X _____ ..___4&36_. .. 448 i
CRUAD 1 469 473 - 46b 467 1
RGAD 2 485 489 1 _ _4b4 465 1
SWPL 1 455 464 1 RS« D - T 1
_SWPL 2 463 4ab 1 . 464 476 1
swpl 3 559 565 1 415 481 .
Swez 1 445 N L.38T . ..393 _ o
WTR1 1 445 448 1 439 443 i
_WTRL 2 445 648 1 465 480 1
CWIRL 3. 450 453 1 _ 44T . _459 1
WTRL & 455 467 1 o 489 491 1
WL 5 469 498 1 L 430 433 3
_MTRZ L. 480 | __ 481 1. __452 478 i
WTRZ 2 505 507 o 409 421 1
_WIR2 3 508 509 1 __403 _ 422 1
WTR2 4 _ o511 513 1 399 414 1
WTRS 1 521 565 1 387 402 1
Figure 8: PHASE Il CONTROL CARD SUMMARY QUTPUT. Given training classes and their RECOG coordi-

nates, PHASE II first sorted the control cards correspending to the alphabetical order and then listed
them out as 2 summary output.
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1.00 N
0.49 1.00
0.0% ___ —0.04 1.00
0.05 -0l 0.87
_.b.o Yo 0.0
0.0 G.e0 0.0
0.0 0.0 6.0
0.0 U0 0.t
0.0 2.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
21.77 12.78 35.91
1,21 059 3.89
1.00
0.0y "1.00
0.03 -D.08 1.00
~(.05 ~0.19% 0.52
0.0 0.0 0.0
6.0 G.0 0.0
0.0 0.0 0.0
0.0 0.0 G0
0,0 = 0.0 U0
.G 0.4 U.0
Vel Q.0 2.0
6.0 oG U.0
29.05 23.95 25.25
.04 2.62 3.55
U
.00, ..__ ..
O.04 1.00
Oslé 0435 1.00
0.12 0.2 0.93
0.0 L0.0. . 0.0
0.0 0.0 8.0
0.0 ___ 0.0 0.0
U0 0.0 0.0
0.0 0.0 8.0
0.0 0.9 6.0
0. G 0.0 D.U
a0 3.0 0.0
FEN 19.05 18,72
1ody Deas 2.0
Figure 9:

1.00

EEEEEREERR
COOLTOOoCo

cCoOCOC OO0

2024

2.0

1 .00
0.0
G0
V.0
2.0
C.0
3.0
0.0
4.0

17.50

CORRELATION MATRIX

CLASS MONL
0.0 .. .
0.0 0.0 .
0.0 N Q.0
0.0 Q.0 U0 0.0
0.0 0.0 G.0 0.0 0.0 .
0.0 6.0 O.U G.0 6.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 A A
0.0 G.0 0.0 G .0 0.0 0.0 0.6 G.0
AND THE MEAN VECTOR - . . T
0.0 Q.0 0.0 8.0 0.0 0.0 0.0 Y
THE STANDARD DEVIATIONS .
0.0 0.0 7 6.6 0.5 "7 4.0 T 0le G0 g.0
CORRELATION MATRIX
CLASS RUAD -y e T ;
G. U L e
0.6 0.0
0.0 0.0 c.0
Do 0.0 0.0 0.0
Oa 4.0 Gols 0.0 0.0
a.0 0.0 G.G G.0 0.0 0.0
0.0 Q.0 _ _8eU 00 DeG _ BaD 0.0
U0 0.0 T.0 3. 0.0 () 0.0 0.0
AND THE MEAN VECTOR . . .
0.0 0.0 0.0 ~ o.0 0.0 0.0 G0 .0
THE STANDARG DEVIATIDNS .
.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
" CURRELATION MATRIX T B
CLASS SHPR1 |
0.0 .
G.0 0.0
0.0 0.0 0.0 . e .
0.0 G.0 0.0 0.0
.G _ . 0.0 Q.0 0.0 0.0
U.u 0.0 0.0 0.0 6.0 0.0
TG 040 QU 0.0 0.0 0.0 0.0
TR 0.0 0.6 0.0 0.0 0.0 ) 0.0
AND THE MEAN VECTOR . . .
0.0 8.0 C.0 0.0 0.0 9-0 0.0 2.0
THE STANDASD DEVIATIGNS .
0.b 3.0 0.0 0.0 Ul 0.0 8.0 D.0

PHASE II CORRELATION MATRICES. The correlation matrices, meanvectors, and standard deviation

vectors are given for three of the seven classes requested. Only the lower triangular portions of the
symmetric correlation matrices are printed.
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Figore 10a: " Class histograms for mangrove training'class

Figure 10:  PHASE II CLASS HISTOGRAMS. The histograms for the selected training classes at mangrove forestry
area around Bang Pakong estuary in channel 1 to 4 (Band 4 to 7 according to LANDSAT—1 and —2 MSS
band):

Figure 10a:  class histograms for mangrove training class.
Figure 10b:  class histograms for road training class
Figure 10c:  class histograms for-swamp and shallow water level class.
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Figure 10b:  Class histograms for road training class,
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Figuré 10c:  Class histograms for swamp and shallow water level class.



REMUTE SENSING DATA ANALYSLS
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Figure 11: PHASE II CLASS SPECTRAL PLOTS. The class spectral plots for the three classes of Mangrove fores-
try, and swamp area indicating the statistical variation in gray tone for each channel are given. The
center of the row of asterisks is the mean value and the length of the row represents plus and minus one
standard deviation.
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REMOTE SENSING DATA ANALYSIS
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Figure 12: PHASE II COINCIDENT SPECTRAL PLOT. All seven class spectral plots have been plotted on one axis

for interclass comparison.
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REMOTE SENSING DATA ANALYSIS

PHASE THREE
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BEST 2

CONTROL CARD- ERROR DIAGNDSTICS

PP

Figure 13:

N0 FATAL ERRORS EMNCOUNTERED

BEGIN EXECUTION s ek e e ke

PHASE III CONTROL CARDS. Class mean vectors and covariance matrices request for the selection of

the best two out of four channels.
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Figure 14: PHASE IIl SAMPLE QUTPUT. Given class mean vectors and covariance matrices, PHASE HI computed
the divergence between all pairs of classes as a function of channels. The best two out of 4 LANDSAT
channels are to be selected for discriminating between seven given classes.
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REMOTE SENSING DATA ANALYSIS

PHASE FOUR

SSSESSESSELESESEEEEE

-GROUP OF 'CONTROL CARDS ENCOUNTERED _ $5$S$$S$$5$5355$555S -

$ LEVELS

T§TDISFLAY T

FIte 1 ZNPUT)'? CHAN 2 & -

"FIEL DPBI 1 LINE

FIEFL OP0Z 1 LINE

837,889,1 COLU 513,549,1

5214653,1 COLU 238,357,1

FIEL DPG3 1 LINE

_FIEL DPO& 1 LINE

FIEL "DPo5 1 LINE

521,653,1 COLU 358,4T7,1

838,837,1 COLU 513,512,1

838,837,1 COLU 513,512,1

FIEL DPO6 LINE

1
FIEL DPOT 1 LINE

T FIEL DPOB 1 LINE

838,837,1 COLU 513,512,1

838,837,1 COLY 5i3,512,1

838,837,1.COLU 513,51241

F1EL DPO% 1 LINE

FIEL. DP10 1 LINE

TYFIECTOPIT 1TCINE 838,837,1 COLU 513,512,1

838,837.1 COLU 513;512, 1

838,837+1 COLU 5134512,1

FIEL DPl2Z 1 LINE

"TFIEL DP13 I LINE

8384837,) COLYU 513,512,1

838,837,1 COLU 513,512,1

TFIEL DP1I& T LENE

8381837}1ntﬁ;UH§13751211

FIEL BP15 1 LINE

838+837+1 COLU 513451241

T HINITDPCI IB.S 5.5 DPOZ 0 O DF0O3 10.5 0 DPO4 10.5 1.5 DPO5 0 2.5

MINI DPO& 9.5 2.5 DPOY 10.5 2.5 DPO8 11.5 2.5 DPO9 132.5 0 DP10 13.5 1.5

MINI OP11 13.5 2.5 DP12 14.5 0 DP13 14.5 1.5 DPl4 14.5 2.5 DPI5 15.5 0

MAXY 0POT &0 35 0P02 10 Z2 DPO3 12 1 DPO& 13 2 DPOS 9 5

" MAXY DPLI 14 5 DP12 15 1" DF13 15 Z70PY4 15 5 DP1IS 18 5~~~ 7 T ottt . T T

% BEGIN

Figure 15: PHASE IV LEVELS CONTROL CARDS. A levelslicing classification with the indicated statistical
maximum and minimum gray tone values in channel 2 and 4 (Bands 5 and 7) has been requested.
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CONTROL CARD ERROR DIAGNOSTICS

RS RERERE NO FATAL ERRORS ENCOUNTERED — — — BEGIN EXECUTION et
REMOTE SENSING DATA ANALYSIS
i ) PHASE FOUR
FILe ¢ 7 CHANNELS 824 PDINTS PER SCAN LINE

CLASS FIELD  SYMBOL LINES ___ COLUMNS

NAME NUMBER - _—

pPol 1 A 837 889 1 513 549 1

nPOZ 1 B 521 653 1 238 357 1

0PO3 1 ¢ T sa21 653 1 358 &T7 1

DPo4 1 D 838 837 1 513 512 1

DPOS 1 E 838 837 1 513 512 L
T DPOE” Ty T FS " T g3 Y A 1" ’ 513 512 1

DPOT 1 G 838 837 1 513 512 1

DPOS 1 H 8238 837 1 513 512 1
~OP0o9’ T T T T og3gTT T83T v : I 513 5z = 17

DP10 1 J 838 837 1 513 512 1

pP1l 1 K 838 837 1 513 512 1

pPiz -’ S TTLTTTTLT T T 38 C T @3t T 1 513 512 1

P13 1 M 838 837 1 513 512

DP1& 1 N 838 837 1’ 513 512 i

oris 1 B I "83% 437 1 T 7513 512 T

Figare 161  PHASE IV LEVELS SORTED CONTROL CARD SUMMARY. A sorted list of the, test fields employed
in the classification is given. The symbol to be used for each class in the recognition map is given.
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FIELD BPOY . 1

55555555555555555555555855555555555558

1111111222272222233233333334444446456G
345675901234567890123456 7890123456789

837 AA  AAAAA AAAAAAAAAAAAAABAAAAAANA AA
" B38 AAA AAA AAAA A AAAAAAAAAAAAA  AA
839  AAAAAAAAAAAAAAA AAAAAAAALAAAAAAAAAA
840 AAAAAAAAA AAAA  AAAAAAAAAAAAAAAAAAARAA
8641 AAAAAAAA AA AAAAAAAAAAAAR AA
8427 AANARAAA A T AAA AAAAMARAAA’
843 AAA AAAAA A AAAAAAAAAAAAAA
844  AA  AARAAAHGGE - AAANAAAAAR
845 AA AAA RDCBDB AAAAAALARA
846  AAAAARAABBEBBBBF A ARAA A
847  AAAAAAABDDCBDFBBG AAAA
848 AAAAACBCEBBCBRBSR G AAAA
849 AAA BBCBCCCCCCBCDOBH HBG AAAAA
850 A DCCSBCCDUSBCBBCEBBBEB AA
B51 AMCBCCCCCCCCBLCCBCBRCABBD AA
852 AABBDCBBEBEBBBBBBBBBBBFEEE A
853  AADBBCCDBCCBBBBBDBBBBBBGFDGF A
854  AACBCBBCBBCCCBBBEBBBEEEEBBBG A
855 AACCBBBBBCBBRBBRBBRBBDEBBBBBBE A
T 856  AABCBBCCCBBCAEBBBBBBBBCEBBBBBF
857 AUBCBCCBCBBBBBBCCBBBCHBBABCLBRD ABA
858 AANBEBBEBBEBBEGEBEGBBRBEBBEBBEB AAA
859 AHCCCCBBRBRBBRBRBRRBBRBRBBBBEE AAA
T 860 AAR{CBRBORBBREBBEBBBBSREBLHRRBR AAA

861  AAHBCCBBSBBBBRBBBBBBBCBBBEBBBBE AAAA

"7 86Z  AALBBBSBBRBBBBSEBBBBGREEBBBBBBERE | AAA

863  AACBCCCBCBBBBBBBBBBBBBBBBCBBBBE A

864  AAAGBBBBRBBBBOBDUDBBBEBBBBLELBBBABE F
865  AAABBDBCBBBBSBBBBBEBRCBBBBEBBBDERBRB
7866 = AA BBESBBEBEBSBBBBSSOB3BBBBBBG  EBBB
B67 BBBBBBBBBBBBBRBBBEBBBERRE GG
888 A CCBEBBEEDDSBEBBBBBEBEBBB T T AR

869  AAAA BB3BBBBCSBBBBBBBBBBBBBBG  AAAAA
870  AAA FBBBEBDBBBBBSBBBBBBBBBEBEE  AAAAA
871 AA BBBBBBRBCBBBBBSBBBBBBBFFDF AAAAA
872 AA 3BBBBEDBBBBBBBBBBBBBBEGEBE  AAAAA

873 AA BBBBBBBEBSEBEBRBBGBRBEENS AMAA
874 AAHBBBBBBRBEBBSBBBBRRBBEH EE AAA
875 AA BBRBBBBCBBEXBBRBEBAB AA
876 AAA DBBBDBRDOOBEBBEBBEBE A - A
B77 AA FBBBBDBBBCBBBBCFBDBF AA A AA
""T@787 A BBBRSBEBRBBABEBHEBBR Ak
a79 G GBESBBBBBEBBGBBRG AAAAAAAA
““BBO0 "AAAA A GBBBEBBEBBBBEE AAAAAAAA
881  AAAAAAAA  GGGDBBDBCBBE AAAARAAAAA
382  AAAAAARAARA FEFBBBBOE AAARAAAAA
883  AAAAAAAAAAA GFRDBF AAAAAA
THE4 T ARAAAAAA ARA EBBBF AAAAA
B85  AAAAAAAAAAAAA GGG AARAAAALAA
TBEE T AMAAA AA AASA AAARARAAAAA
887  AAAAAAAA AAAA AAAA _ AAAAAAAAAA
8858  AAAAAAAAAAAAAAAAAMAAABRAA TAMAARAAATT
889  .AAAAAAAAAAAAAAAAAAAAAAA AAAAAAAA

Figure 17:  PHASE IV LEVELS RECOGNITION MAP FOR BANG PRA RESERVOIR. The alphabetical symbols
n the recognition map corresponds to numbers of statistical maximum and minimum gray tone values
requested.
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CLASSIFICATION SUMMARY

NUMBER OF YES POINTERS FOR EACH CLASS WITHIN EACH FIELD AND PERCENTAGES

_FIELD CLASS NUMBER ~  PER CENT —
1 DPCL 611 31.2
I DPO2. T T T 674 3&.4 T - o
I DPO3 I ¥ 4 A T oo T
T BPO% 25 1.3
B | " DPO5’ o S o4 T
I OPO6 ‘ 21 1.1 Tt
i BPOT 25 1.3
-1 bPO8 10 T 0.5 i oo
R | oPOY o l 0.0 T o T T T
DP10 0 0.0
1 DP11 0 g.0 - T T T o T
B | DP12 o 0.0 T e
1 OP13 0 0.0
1 DP 14 0 0.0 I T
1 BPES " T 1 0.1 e, Tmmmmmmmm T
FIELD TOTAL 1961
Figure 18:  PHASE IV LEVELS CLASSIFICATION SUMMARY. Individual field results as well as the overall class

summary are given. Note numbers of points indicated in the summary can be thought of as number of
acreage for the LANDSAT —1 and —2 MSS data.
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- REMOTE SENSING DATA ANALYSIS

e PHASE FEOUR e -
$34585555855 58565555 GROUP OF CONMTROL CARDS ENCOUNTERED  $5$$3555$65588855553
$ EUCLID T T T
TS DISPLAY T T o I
THRE MON1 1 WIRL 1 WTRZ 1 WTR3 1 SWPI 1 SWP2 I ROAD 1
TFILE 1 INPUT 9 CHAN 2 4 R
N “COVARIANGE MATRIX  CLASS MONL B
MEAN MON1 '
T T COVARLANCE MATRIX  CLASS WTR1 T T )
T MEAN WTRT ) T T T B
COVARIANCE MATRIX  CLASS WTRZ
T MEAN WTR2 T - CTTTT T
T "TCOVARIANCE MATRIX  CLASS WTR3Y N S o
MEAN WTR3 .
‘COVARIANCE MATRIX  CLASS swe1 7 o o
TMEAN SWP1 T T
: COVARIANCE MATRIX  CLASS Swp2
MEAN SWp2’ o T T ot T
COVARIANCE MATRIX  CLASS ROAD ST T
MEAN ROAD
T "EIEL MONL 1 LINE 445,56551 -CDLU 387450641 T T
FIEL WIR1 1 LINE 445,444,1 COLU 387,506,1 T T T T
FIEL WTRZ 1 LINE 445,44%451 COLU 387,506,1
" TFIEL WTR3 1 LINE 445,444,1 COLU 3875506, 1 o T e
FIEL SWPL 1 LINE 445,44441 COLU 387,556,1
FIEL SWP2 1 LINE 44554441 COLU 367550651
FIEL ROAD 1 LINE 445,444,1 COLU 367750671 -
$ BEGIN T
Figure 19:  PHASE IV EUCLID CONTROL CARDS. An Euclidean Distance classification of the seven defined

classes indicated sets using channel 2, 4, and the threshold value of 1 for each class has been requested.
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492 AR A ARA h  wh CFUGUGFEEELE AARAR A ARA B ARAAR AnAn
__ 593 ¢ A ELFGOFLELLEE A ® 3 - e
94 ALL AL A A AMRAA A € FRGOLL E R EC A A A A AR A AnA ARA  AKAAR
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Figure 20:

PHASE IV EUCLID RECOGNITION MAP FOR THE MANGROVE AREA AROUND THE BANG
PAKONG ESTUARY. The alphabetital symbols in the recognition map correspond to the sequence of

the statistical training sets have been read.
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PHASE FOUR
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COVAKTANCE RUOAU.
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MEah SWPZ

COVARIANCE WTRI

MEAN WTRY

CUVARTANCE WIRZ2

MEAN WTKZ

COVARIANCE WIR3

MEAN WTR3

FIGL MOnNL 1 LINE 445,565,1 COLU 387,506,1

-FIEL RGAD 1 LINE 445,444,1 COLU 387,506,1

FIEL SWPL 1 LINE 445,444,1 COLU ?B7,50641

FIEL SWPZ 1 LINE 445,444,1 COLU 387,506,1

FIEL WTRL 1 LINE 445,444, COLU 387,506:1

FIEL WTRZ 1 LINE 445,444,1 COLU 38?;506,1'

FIEL WIR3 1 LINE 445,444,1 COLU 3874506, 1

$ BEGIN

Figure 21:  PHASE IV GLIKE CONTROL CARDS. A Gaussian maximal likelihood classification of the seven indi-
cated statistical sets using channel 2 and 4 .
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Figure 22:  PHASE IV GLIKE RECOGNITION MAP FOR THE MANGROVE AREA AROUND THE BANG
"AKONG ESTUARY. The alphabetical symbols in the recognition map were assigned to every pixel

pecause of the conditional probability assumption.
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ANALYS IS

PHASE FIVE

$P3050359539959555%5% GROUP UF CUNTROUL CARDS ENCOUNTERED $53855555555953%5558%5

FILE 1 INPUT 9 CHAN 2 4

FleL LINE 445556591 CULU 387950691

CLAS HGN1 A RUAD b SWPL1 C SWPZ D WTR1 E WIRZ F WIR3 6

_Auvat Dalitt MON1
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CONTROL CARD ERROR DIAGNOSTICS
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T - NU FATAL t£RRULRS ENCUUNTERED - - - BEGIN EXECUTION = *xxskseiwsx

+++ FILE WRITTEN UN TAPL 8 +++

Figure 23: PHASE V CONTROL CARDS AND SAMPLE OUTPUT. A Gaussian maximal likelihood classification
using channel 2 and 4 for the RECOGX coordinates: line 445 to 565 and its column 387 to 506. The
assigned symbol associated with its conditional probability value in the recognition map is written into
the computer file for future use in PHASE VI.
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REMUTE SENSING DATA ANALYSIS

PHASE SIX

335355553955 3555595%% GRUUP OF CONTROL CARDS ENCOUNTERED $55595555555355835559

FILE 1 FIEL LINE 445456591 COLU 3879 506,1

THRE 49T12939141,1

UDESCRIPTION OF FILE 1 OGN INPURSERPES T

CHANNELS USED IN PHASE FIVE CLASSIFICATIONG

~ CHANNEL 2 SPECTRAL BAND 0.60 TGO ©OC.70 MICRUMETERS

CHANNEL 4 SPECTRAL BAND 0.B80 b8 ke 20 MICRUMETERS

_ LEGENDO
CLASS SYMBUL THRESHULD VALUE
MOINL A 7.624 g e e
Bk g e e "ROAD = Sl - e <
SWP1 C 10.600
Wy SHP 2= Sl 9«210 b o, e
P R e A NI s 1 1 TS A I R e 13.815 ST R
WIRZ - 13.515
5 WIR3 S G EReBET ar et 3

THIS FILE IS DESCRIBED BYO

SLEINES = 445 1O 3565 BY - 3. -AND

COLUMNS 387 TO 506 BY 1

DISPLAY THESE FIELDSO

Figure 24: PHASE VI CONTROL CARDS AND HEADER INFORMATION. Given the written file from PHASE V,
the control cards request the recognition map at the RECOGX coordinates line 445 to 565 and column
387 to 506 and also request thresholding indices: 4— MON1, 7— ROAD, 2— SWP1, 3— SWP2, and 1 for
WTR1, WTR2 and WTR3. For 2 channel classification, the thresholding indices 1, 2 and 3 correspond
to Chi-square values 13.815 and 9.210 with are degree of freedom, respectively.
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Figure 25:  PHASE VI RECOGNITION MAP AND CLASSIFICATION SUMMARY. Compare this recognition map

with Figure 22, the misclassification of road training set is eliminated because the sample points of low
probability thresholded out is given.
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" REMUTE SENSING DATA ANALYSIS

PHASE SIX

5155395 ST PSR LI5S GrUUP UF CUNTROL CARDS ENCUUNTERED

FILE 1 FlEL LENE 4454+565,1 COLU 357y506,1

cHarR MCN1 M ROAD I WIRZ G
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THRE G439 3Geh 344044
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UeESCRIPTIUN OF FILE 1 GN INPUT TAPE

CHANNELS USED IN PHASE FIVE CLASSIFICATIONO
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T S SR M - Tebeh
SWPZ o T4 i
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WTRZ i G W TeBak . :
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__TnIs FILE 1S DESCRIBED BYO

LINES &5 T0 565  BY 1 AND

~ COLUMNS 387 TO 506 BY 1

Figure 26: PHASE VI CONTROL CARD AND HEADER INFORMATION. Given the same written file from
PHASE V, control cards request to change the used alphabetical symbols in the recognition map.
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PHASE VI RECOGNITION MAP AND CLASSIFICATION SUMMARY. The ROAD boun
recognition map are further eliminated because of the increased thresholding index.
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Figure 28:
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BAND 5 GRAY MAP OF RANG SIT AREA. The gray scale with 6 distinguishable symbols for the
Rang Sit area. A rectangular subimage, whose coordinates are lines 1639 to 1654 .and cc_olumns Sfﬁ' to
570, is the intersection of the Pahonyotin highway and the Rang Sit canal. This subimage will be

magnified to 10 x 10 times bigger by the cubic convolution interpolation technique.
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Figure 29:  BAND 5 GRAY MAP OF THE MAGNIFIED IMAGE. Using the cubic convolution interpolation tech-
nique to enlarge a given subimage of Figure 28 to 10 x 10 times bigger. The blank area and *-? symbol
represent the Pahonyotin highway.
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Figure 35: GLIKE RECOGNITION MAP FOR WANG NOI DISTRICT.
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Table l-él Application of LANDSAT Data

Agricultural, forestry, rangeland
Crop census
Crop yield
Identification of wvegetational disease

Land-use inventory

Oceanography, marine-resources
Fish production
Ship routing

Sea and ice conditions

Hydrology
Water-resource inventory
Identification of fresh water resources
Flood monitoring
Health monitoring of lakes

Pollution monitoring

Geology
Identification of tectonic features
Geologic and physiographic mapping
Mineral and field expleration
Earth quake studies

Time-rate studies: glaciers, volcanos, erosian sites

Geography
Thematic mapping for land use

Physical gtudies for land improvement

/1 Ralph Bernstien and George C. Stierhoff, "Precicien Processing of Earth
Image Data", Emerican Scientist, Vol. 64, pp. 501, Sept. - Oct. 1976,
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.48-.50,
.58-.62,
‘80_l.00[

.80"111,

.80-1.1

the type of

Electromagnetic bandwidths (um)
12 channel MSS .40~-.44, .44-.46, .46-.48,
.50-,52, .52-.55, .55-.58,
.62-.66, .66-.72, .72-.80,
5 channel MSS ‘ .50-.60, .6€0-.70, .70-.80,
10.4-12.6
4 channel MSS .50-.60, .60-.70, .70-.80,
Table 2 The range of the electromagnetic bandwidths against
MSS ..
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Band 7 ]
1 2 3-5 6-35

Band 5 '
0-8 B B E -
9 B B E -
10 B B 7 -
11 c p G -
| 12-13 c D | = -
14 I J K -
15 L M N -
16-18 0 o o -
19-60 A A A a

Table 3 Level slicing region constructed by the gray tone value in Band 5
and Band 7 with 16 distinguishable class A to 0 and blank symbol.
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