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A B S T R A C T  

For s o i l  and pea -  su rveys ,  t h e  a u t h o r s  used bot-, convent i -  

a i r -photographs  and Landsat imagery. 

Landsat  d a t a  have been used  i n  form of photographs a k  va r i -  

cales, of c o l o r e d  combinat ions of t h e  d i f f e r e n t  channe l s  and 

of g r a p h i c s  p rocessed  -by a Honeywel l  B u l l  C II  Mini 6 computer 

and a Benson t r a c i n g  t a b l e ,  u s i n g  a methodology e l a b o r a t e d  by 

t h e  ORSTOM Remote Sens ing  Labs. 

The tested areas are l o c a t e d  i n  t h e  e q u a t o r i a l  Low-lands of 

C e n t r a l  Kalimantan Province  ; and l a r g e l y  covered by  f o r e s t  

v e g e t a t i o n .  

P r a c t i c a l l y  t h e  a u t h o r s  select several w e l l  known test 

zones of approximate ly  a square k i lome te r .  

The d i f f e r e n t  areas a r g  d e f i n e d  i n  t e r m s  of Landsat l i n e s  

and columns i n  o r d e r  t o  p r o v i d e  t h e  computer w i t h  t h e  l i m i t s  

i n  which it has  t o  work i n  each  case. 

Each tes t  area has been cha rac t e r . i zed  i n  t e r m s  of r e f l e c t i o n s  f o r  

each  r a d i o m e t r i c  .channel. 
I 



W i t h  t h i s  technique  t h e  a u t h o r s  have tested numerous phy- 

s i o g r a p h i c  u n i t s  l i k e  : 

- F o r e s t  o n  s w a m p s  a n d  p e a t .  

- Well d r a i n e d  d i p t e r o c a r p  f o r e s t s .  

- River  f l a t  f o r e s t s  un stream levees. 

- The s h i f t i n g  c u l t i v a t i o n .  areas, on v a r i o u s  types of s o i l s .  

- ' Fo res t s  on t r o p i c a l  podzols ,  e tc ,  ... 
This  p r o c e s s  a l lows  t o  s i n g l e  o u t  t h e  low l a n d  f o r e s t s  

on p e a t ,  and i t  i s  p o s s i b l e  i n  t h i s  way t o  d e l i m i t ,  i n  p r i n c i p l e ,  

v e r y  e a s i l y ,  t h e  p e a t  areas. 

U n f a r t u n a l t e l y  a l l  t h i s  i s  o n l y  v a l i d  i n  c o u n t r i e s  where 

t h e  e c o l o g i c a l  environment has  o n l y  been s l i g h t l y  d i s t u r b e d  by 

human a c t i v i t i e s ,  and  t h i s  i s  no t  f u l l y  t h e  case i n  C e n t r a l  

Kalimantan Provi'nce. 

B u t  t h e  s t r o n g e s t  , l i m i t a t i o n  t o  t h i s  methodology comes 

from the v e r y  bad q u a l i t y  of a l l  s a t e l l i t e  p i c t u r e s  cove r ing  

C e n k r a l  Kalimantan Province  : Those w i t h  less t han  70% of c loud  

cover  are e x c e p t i o n a l .  
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INTRODUCTION 

S i n c e  1979 Indones ian  and ORSTOM sc i en t i s t s ,  w i t h i n  , t h e  

framework of  coope ra t ion  between F r a n c e  and t h e  Indones ian  D e -  

par tment  of Transmigra t ion ,  have worked o u t  s o i l  maps cove r ing  

more t h a n  2 m i l l i o n s  h e c t a r e s  i n  C e n t r a l  Ka l iman tan  Province.  

Up t o  1983 t h i s  su rvey  has  been done w i t h  a almost t o t a l  l a c k  

of a i r  photographs and t h e  maps w e r e  e l a b o r a t e d  w i t h  s a t e l l i t e  

documents, g e n e r a l l y  of poor q u a l i t y , a n d  f i e l d  checking. A f t e r  

1 9 8 3 , , a i r  photographs have been a v a i l a b l e .  

SITUATION AND CLIMATE OF THE AREA 

The surveyed area is s i t u a t e d  i n  t h e  C e n t r a l  Kalimantan 

Province  between t h e  f o o t s l o p e s  of t h e  Schwaner mountains and 

t h e  sandy and p e a t y  c o a s t a l  p l a i n  of PALANGKA-RAYA - SAMPIT 

( f i g u r e  1).  

The t o t a l i t y  of t h e  mapped area i s  s u b j e c t  t o  a t y p i c a l  

The p r i n c i p a l  c h a r a c t e r i s t i c s  e q u a t o r i a l  humid low l a n d  climate. 

of t h i s  climate kan  be summarized 'as fo l lows  : 

Mean annua l  r a i n f a l l  between 2100 and 3500 mm. 

Two main  r a i n y  p e r i o d s  : March-April and November. 

Average number of days of r a i n f a l l  : 150 t o  180/year .  

Atmospheric humidi ty  s u p e r i o r  t o  80%. 

Mean annua l  evapora t ion  between 1100 and 1 4 0 0  mm. 

Mean annua l  t empera tu re  27°C.  
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PIG. I .  LOCALISATION MAP 

ORSTOM -TRANSMIGRATION RECONNAISSANSE SURVEY, 
I I 250 O00 1979 - 1981 - 

ORSTOM - UGM - TRANSMIGRATION SOIL SURVEY, I I  100 O00 1984-1986. 

REMOTE SENSING TE'ST AREAS. 
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METHODOECYGY .\AND ME.PINS IlUS'ED 
L 

T o  show what Landsat  data can c o n t r i b u t e  i n  t h e  mapping 

c of  C e n t r a l  Kalimantan, t h e  a u t h o r s  u s e d , , a f t e r  t h e  f i e l d  checking 

b o t h  conven t iona l  a i r -photographs  and Landsat data.  Landsat data 

have been used i n  form of  photographs as w e l l  as i n  Iform of 

c o l o r e d  combinat ions of channels  and g raph ics  p rocessed  by  a 

computer. 

P r a c t i c a l l y  t h e  a u t h o r s  have selected seven phys iographic  

u n i t s ,  w e l l  d e f i n e d  through v e g e t a t i o n ,  s o i l  o r  water charac-  

terist ics.  Each u n i t  w a s  s t u d i e d  i n  5 t o  20  d i f f e r e n t  f i e l d  

checked l o c a t i o n s  : t h e  test  areas. 

T h e  c e n t e r  of  t h e  d i f f e r e n t  test  areas is  d e f i n e d  i n  t e r m s  

o f  Landsat l i n e s  and columns i n  o r d e r  t o  p rov ide  t h e  computer 

w i t h  the l i m i t s  i n  which it has  t o  work i n  each  case ( F i g u r e  2 ) .  

For each  area a l l  p i x e l  v a l u e s  of r e f l e c t i o n  are asked t o  t h e  
d 

computer, f o r  each  r a d i o m e t r i c  channel ,  and p r i n t e d ,  ( F i g u r e  3 ) .  

The u s u a l  w id th  of  a test  area t u r n s  around 1 s q u a r e  km, more o r  

less 350 p i x e l s .  Larger  areas, e a c h  combining two t o  t h r e e  

phys iog raph ic  u n i t s ,  have a l s o  been s t u d i e d  i n  a s i m i l a r  way, 

( F i g u r e  2 ) .  

B y  t h i s  method e a c h  phys iographic  u n i t  has  been charac-  

t e r i z e d  i n  t e r m s  of r e f l e c t i o n ,  i n  each  r a d i o m e t r i c  channel ,  

( F i g u r e  4 ) .  Once t h e  u n i t s  are de f ined ,  d i f f e r e n t  documents 

can be  drawn by a p r i n t i n g  t a b l e  connected t o  t h e  computer, u s i n g  

t h e  so called ."LOTERIE" program which has  been e l a b o r a t e d  by 

t h e  ORSTOM Remote Sens ing  Service, (ORSTOM, 1 9 8 1 ) .  This  p r o c e s s  
t 

7 allows, th rough combinations of two o r  t h r e e  channels ,  t o  s i n g l e  

o u t  and t o  draw phys iog raph ic  u n i t s  which are d i f f i c u l t  t o  

i n d i v i d u a l i z e  by a monochannel s tudy .  
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FIG. 2 .  INVESTIGATION TECHNIQUE 
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THE ANALYSED PHYSIOGRAPHIC UNITS 

The fo l lowing  phys iog raph ic  u n i t s  have been ana lysed  i n  t e r m s  

of r e f l e c t i o n  f o r  each  Landsat channel  : 

- Two u n i t s  of upland pr imary  f o r e s t .  

- The r i v e r i n e  f o r e s t .  

- The secondary f o r e s t  of t h e  s h ' i f t i n g  c u l t i v a t i o n  area. 

- The f o r e s t  on podzols .  

- The f o r e s t  on p e a t  swamps. 

- The r i v e r  w a t e r  coming from upland areas. 

- The b lack  waters from t h e  podzol  and  p e a t  areas. 

THE UPLAND PRIMARY FOREST 

The upland f o r e s t  cove r s  a l l  t h e  no r the rn  p a r t  of t h e  s u r -  

veyed area. Th i s  t y p e  of forest . .grows.  mainly on Qxisols  and U l t i -  

sols i n  a l a r g e  range  of t opograph ic  s i t u a t i o n s .  Bruninig ( 1 9 6 9 )  

cal ls  t h i s  f o r e s t  t h e  d i p t e r o c a r p  f o r e s t  and d i v i d e s  i t  i n  

s e v e r a l  sub types  which are d i f f i c u l t  t o  d i s t i n g u i s h  by a non 

b o t a n i s t .  On a i r  photographs one can see e v i d e n t  s t r o n g  vari-  ' 

a t i o n s  i n  t h e  s i z e  and t h e  h e i g h t  of trees ; t h e r e  are a t  least 

two major t y p e s  i n  f u n c t i o n  of t h e  h e i g h t  of t h e  trees : 

- The f i r s t  t y p e ,  w i t h  t h e  h i g h e s t  and  b i g g e s t  trees is u s u a l l y  

found i n  h i l l y  t e r r a i n  on A n d e s i t i c  and D i o r i t i c  rocks .  

- The second t y p e ,  w i t h  a less h i g h  canopy, s m a l l e r  trees and 

a t h i c k e r  underwood is  most ly  l o c a t e d  on g r a n i t i c  areas and 

'on t e r t i a r y  k a o l i n i t i c  sediments .  

I n  many p l a c e s  t r a n s i t i o n s  c a n  b e  found between t h e s e  t w o  

t y p e s  of q i p t e r o c a r p  f o r e s t  mainly on g r a n o d i o r i t i c  areas. 
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.THE R I V E R I N E  FOREST 

W e  unders tand  under t h i s  a p p e l a t i o n  f o r e s t s  o c c u r i n g  i n  

f l a t  v a l l e y s  f i l l e d  w i t h  m i n e r a l  d e p o s i t s  and on r i v e r  levees 

no t  formed by p e a t .  Neve r the l e s s  sha l low o r g a n i c  d e p o s i t s  may 

occur  l o c a l l y .  The r i v e r i n e  f o r e s t  can be  more o r  less d r y  

acco rd ing  t o  t h e  he igh  of t h e  r iver  levee. I n  f i g u r e  1 i n  t h e  

KAHAYAN, KATINGAN and RUNGAN v a l l e y s ,  t h i s  type  of f o r e s t  is  

most ly  restricted t o  a hundred meters l a r g e  s t r i p  a long  t h e  

r i v e r  and s h i f t  t o  a b a s i n  swamp f o r e s t  j u s t  behind. 

THE SECONDARY FOREST I N  THE SHIFTING CULTIVATION AREA 

W e  unders tand  under secondary f o r e s t ,  a l l  s t a g e s  of f o r e s t  

regrowth a f t e r  a c u l t i v a t i o n  c y c l e  u n t i l  t h e  f o r e s t  has  reached  

t h e  s t a g e  of a h e a l t h y  o l d  secondary  f o r e s t  of 20  t o  30 y e a r s  

o l d .  

* 

The s h i f t i n g  c u l t i v a t i o n  area w i t h  secondary f o r e s t  can be 

found a long  a l l  t h e  rivers, on e,ach s i d e ,  on s e v e r a l  k i l o m e t e r s  

deep. The secondary  f o r e s t  d i f f e r s  from t h e  pr imary  f o r e s t  i n  

i t s  f l o r a l  composi t ion,  b u t  i n  s i t u ,  i n  t h e  f o r e s t ,  it is  almost  

imposs ib l e  f o r  someone who is  n o t  a s p e c i a l i s t  t o  d i f f e r e n t i a t e  

between a t r u e  pr imary  f o r e s t  and  a 30 y e a r s  old h e a l t h y  secon- 

d a r y  f o r e s t .  

Neve r the l e s s  w e  w i l l  see f u r t h e r  t h a t  it is e a s y  t o  dis- 

t i n g u i s h  even an o l d  h e a l t h y  secondary  f o r e s t  from t h e  pr imary  

f o r e s t  i n  t h e  i n f r a r e d  Landsa t  channels .  
-e 



7 

THE FOREST ON PODZOL 

I 

W e  g i v e  t h i s  a p p e l a t i o n  t o  t h e  f o r e s t  occu r ing  on podzo l i zed  

+ poor  sandy s o i l s .  There are, however, a t  least  two major t y p e s  

i n  f u n c t i o n  of t he ' t opography .  

- One t y p e  i s  found on t h e  f l a t t e s t  and lowes t  p a r t  of t h e  

"PALANGKA-RAYA" q u a t e r n a r y  l e v e l  on podzols  f r e q u e n t l y  water- 

logged through t h e  p re sence  of h a r d  pans.  Th i s  f o r e s t  l o c a l l y  

changes v e r y  g r a d u a l l y  i n t o  h i g h  p e a t  f o r e s t .  

- Another t y p e  of  podzol  f o r e s t  i s  found more i n l a n d ,  on t h e  

h i g h e s t  p a r t  of t h e  "PALANGKA-RAYA" s u r f a c e ,  j u s t  b e f o r e  i t s  

c o n t a c t  w i t h  t h e  t e r t i a r y  b e l t .  The s o i l s  under t h i s  f o r e s t  

4 

are g i a n t  podzols  w i t h  a r a t h e r  good ex te rna l  d r a i n a g e  and 

r a r e l y  water logged,  

Usua l ly  t h e  two t y p e s  of f o r e s t  show up markedly on a i r  

photographs and c a n  be e a s i l y  d i s t i n g u i s h e d  from o t h e r s .  

THE FOREST ON PEAT SWAMPS 

The l a r g e s t  p a r t  of t h e  p e a t  areas of C e n t r a l  Kalimantan 

Province i s  covered  w i t h  f o r e s t .  Like t h e  f o r e s t  on uplands ,  

t h e  p e a t  swamp f o r e s t  p r e s e n t s  d i f f e r e n t  a s p e c t s  which can 

be d i f f e r e n t i a t e d  on a i r  photographs : It can  be a dense f o r e s t  

of r a t h e r  s m a l l  trees mainly i n  t h e  c e n t e r  of l a r g e  b a s i n  swamps, 

o r  a h i g h e r  f o r e s t  w i t h  an i r r e g u l a r  canopy and a l a r g e r  amount 

of b i g  trees. 

This  d i f f e r e n t  a s p e c t s  do n o t  s e e m  so much t o  l a y  i n  t h e  5 

f l o r i s t i c  composi t ion bu t  more i n  t h e  s i z e  and t h e  h e i g h t  of 

t h e  trees. Apparent ly  t h e r e  is  a c o r r e l a t i o n  between t h e s e  t w o  

a s p e c t s ,  t h e  t h i c k n e s s  of t h e  p e a t ,  and  t h e  d ra inage  c o n d i t i o n s .  
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THE P R I N C I P A L  RESULTS 

-1. D i s t i n c t i o n  Primary F o r e s t  - Secondary F o r e t s .  
* .  

These two t y p e s  of phys iographic  u n i t s  c a n  be e a s i l y  d i f f e -  

r e n t i a t e d  on a l l  t h e  Landsat imagery of C e n t r a l  Kalimantan. This  

i s  t h e  consequence of t h e ’  very.  d i f f e r e n t  r e f l e c t i o n  v a l u e s  of 

t h e s e  - two u n i t s  i n  a l l  t h e  Landsat bands ( f i g u r e  4 )  : t h i s  d i f f e -  

rente is ,  wi thou t  any doubt ,  t h e  v i s u a l i s a t i o n ’ o f  a s t r o n g  

change i n  t h e  b o t a n i c  composi t ion between a pr imary  f o r e s t  and 

a secondary one. I n  t h i s  case t h e  L a n d s a t  a n a l y s i s  i s  much more 

e f f i c i e n t  t h a n  t h e  human eye and t h e  a i r  photographs.  

This  i s  p robab ly  t h e  most v a l u a b l e  c o n t r i b u t i o n  of Remote 

Sens ing  t o  mapping t echn iques  i n  Kalimantan ; it  can be a v e r y  

quick ,  economic and r e l i a b l e  way t o  f o l l o w  t h e  p r o g r e s s  of the 

secondary f o r e s t  and t o  c o n t r o l  i t s  ex tens ion .  

2.  The C h a r a c t e r i s a t i o n  of t h e  Peat Swamp F o r e s t .  

The p e a t  swamp f o r e s t  has  a n  excel lent  d e f i n i t i o n  i n  a l l  

t h e  Landsat bands,  p r i n c i p a l l y  i n  band 5 ( f i g u r e  3 ) .  The r e f l e c -  - 

t i o n  va lues .  of t h i s  u n i t s  are low, n e a r l y  as l p w  as t h o s e  of  

t h e  b l ack  waters i n  band 4 and 5. Neve r the l e s s ,  it is  a b s o l u t e l y  

imposs ib l e  t o  d i s t i n g u i s h  t h e  h i g h  canopy from t h e  low canopy 

p e a t  swamp f o r e s t  by means of remote s e n s i n g  though t h e y  show 

up markedly on a i r  photographs.  

3 .  The r i v e r i n e  f o r e s t  shows i n  t h e  p o i n t  of view of Landsat 

r e f l e c t i o n  v a l u e s ,  an o v e r l a p  w i t h  t h e  secondary  f o r e s t .  I n  

f a c t  t h e  r ive r ine  f o r e s t  can  be cons ide red  as a k ind  of secondary  

f o r e s t .  
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4 .  The r e f l e c t i o n s  of f o r e s t s  on podzol  show i n  a l l  Landsat 

bands,  a s t r o n g  o v e r l a p  w i t h  t h o s e  of t h e  p e a t  swamp f o r e s t .  

Even t h e  f o r e s t  on w e l l  d r a ined ,  never  water logged podzols  shows 

Landsat r e f l e c t i o n s ,  i n  a l l  bands,  v e r y  s i m i l a r  to t h o s e  of t h e  

p e a t  swamp f o r e s t s ,  and t h a t  i s  c o n s i d e r a b l y  awkward, d i f f i c u l t  

t o  overcome. 

I n  most cases, it is  o n l y  p o s s i b l e  t o  d e f i n e  and t o  draw, 

a l l  f o r e s t s  on p e a t  swamps and one u n i t  which g a t h e r s  t o g e t h e r  

podzols .  

, 

.5. The c h a r a c t e r i s a t i o n  of ,the two t y p e s  of up land ,p r imary  f o r e s t :  

W e  have t r i ed  i n  numerous tes t  areas t o  d i f f e r e n t i a t e  t h e  

h i g h  canopy pr imary  f o r e s t  from t h e  low canopy pr imary  f o r e s t .  

But remote s e n s i n g  t echn iques  f a i l  t o  work i n  t h i s  case. 

Even i n  p l a c e s  where i t  is  p o s s i b l e ,  i n  t h e  f i e l d ,  t o  l o c a t e  

a v e r y  sha rp  l i m i t  between t h e s e  two t y p e s  of f o r e s t ,  and  where 

t h e  two t y p e s  show up markedly on a i r  photographs,  t h e y  can 

no t  be d i f f e r e n t i a t e d  on remote s e n s i n g  documents ; even i n  

p l a c e s  where t h e  s a t e l l i t e  documents ar& of good q u a l i t y .  

The consequences of t h i s  f a i l u r e  are r e g r e t t a b l e ,  wh i l e  it 

means a l s o  t h e  i m p o s s i b i l i t y  t o  d i s t i n g u i s h ,  th rough remote 

s e n s i n g  t echn iques ,  t h e  h igh  p r o d u c t i v e  d i p t e r o c a r p  f o r e s t  

f r o m  t h a t  o f  moderate and low p r o d u c t i v i t y  ; and t h e  impos'sibi-  

l i t y  t o  d i s t i n g u i s h  t h e  v o l c a n i c  b e l t  from t h e  t e r t i a r y  sedimen- 

t a r y  b e l t .  

6 .  The d i s t i n c t i o n  of " b i a c k  waters" from upland r i v e r  w a t e r s .  

Usua l ly  t h e s e  two t y p e s  of waters d i f f e r  markedly i n  re- 

f l e c t i o n  v a l u e s  i n  t h e  d i f f e r e n t  Landsat channels  ( f i g u r e  4 ) ,  

and even i f  t h e r e  i s  sometimes an over lapping ,  it is  r e l a t i v e l y  
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e a s y  t o  c h a r a c t e r i z e  and t o  draw t h e  two u n i t s  by means of t h e  
* 

'I LOTERIE 'I p r o  g r  am.  

e 

' 7 .  The i n f l u e n c e  of t h e  a tmospher ic  humidity.  

The atmospheric! humidi ty ,  and i t s  s t f o n g  v a r i a t i o n s ,  on 

even s h o r t  d i s t a n c e s  on a'same Landsat  scene, i s  p robab ly  t h e  

most l i m i t i n g  f a c t o r  t o  remote s e n s i n g  a p p l i c a t i o n s  i n  Kalimantan. 

Atmospheric humidi ty ,  when p r e s e n t ,  a f f e c t s  t h e  r e f l e c t i o n  

v a l u e  of a l l  recognized  phys iog raph ic  u n i t s ,  i n  a l l  r a d i o m e t r i c  

Landsat  channe l s ,  and s h i f t  them from 5 t o  20  u n i t s  towards t h e  

h i g h e r  v a l u e s .  

The consequence of t h i s  i s  t h a t  a computer program which 

works p e r f e c t l y  on a hundred s q u a r e  k i l o m e t e r  tes t  area can h e  

' t o t a l l y  i n e f f i c i e n t  on a n o t h e r  area of t h e  same Landsat scene, 
* 

-i 
even  a s h o r t  d is tance away. 

Thus, t h e  s t r o n g e s t  trump of t h e  computer technology,  which 

i s  t h e  p o s s i b i l i t y  t o  ex tend  a l o c a l l y  t e s t e d  program t o  t h e  

whole Landsat s c e n e ,  f a i l s  comple te ly  t o  work when a p p l i e d  t o  

C e n t r a l  Kalimantan Lands a t  d a t a .  

\ 
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CONCLUSIONS 

This  s t u d y  shows t h e  suppor t  t h a t  computer p rocessed  Landsa t  

d a t a  can b r i n g  i n  envi ronmenta l  mapping : t h e r e  are v e r y  s e r i o u s  

l i m i t a t i o n s .  The s t r o n g e s t  handicap  comes from t h e  always h i g h  

a tmospher ic  humidi ty  and t h e  v e r y  bad q u a l i t y  of a l l  s a t e l l i t e  

scenes  cove r ing  C e n t r a l  Kalimantan Province.  The s t u d y  is  backed 

by  a l a r g e  number 'of grsund<daita, c o l l e c t e d  d u r i n g  s i x  y e a r s ,  

and a set of 17  maps cove r ing  more than  25000 s q u a r e  k m ,  pu- 

b l i s e d  a t  t h e  1 / 2 5 0  000, and 1/100 O00 scale. 

The computer a n a l y s i s  of Landsat  t a p e s  a l lows  t h e  au tomat i c  

drawing of phys iog raph ic  u n i t s  by a program e l a b o r a t e d  i n  t h e  

ORSTOM Remote Sens ing  S e c t i o n .  This  methodology p e r m i t s  t h e  

c h a r a c t e r i s a t i o n  of v e g e t a t i o n  u n i t s .  But as one knows, t h e  

l i m i t s  of phys iog raph ic  v e g e t a t i o n  u n i t s  are f r e q u e n t l y  a l s o  

t h e  l i m i t s  of s o i l  u n i t s ,  o r  of e c o l o g i c  c o n d i t i o n s ,  and  i t  

i s  p o s s i b l e  by t h i s  way t o  draw some s o i l  u n i t  l i m i t s .  But t h i s  

is o n l y  p o s s i b l e  i n  areas where t h e  e c o l o g i c a l  environment have 

no t  been d i s t u r b e d  by human a c t i v i t y  ; and tha t  it is  o n l y  t h e  

case i n  approximate ly  60% of t h e  mapped area. 

U 
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