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GLOSSARY 

MSS o r  

Resolution 

X-Bana 

I'BW" o r  "Pan" 

BWI K 

M u l t  i s p e c t r a l  Scanner. - A "remote sensing" device 

capable of recorainy r e i l e c t e d  o r  e n t i t l e d  energy 

a t  mul t ip le  frequencies  o r  i n  severa l  bands of t h e  

electromagnet ic  s2ectrurrl. The Lanasat s e r i e s  of 

S a t e l l i t e s  inc luaes  an MSS system a s  one of t h e  

primary remote sensing systems on boara. 

Thematic Mapper - Similar  i n  concept t o  an MSb 

system, but  capable of recording da ta  a t  much 

higher  s p a t i a l  r e so lu t ion  l eve l s .  

The r e l a t i v e  a b i l i t y  t o  d i s t i ngu i sh  f i n e  d e t a i l .  

The radar  frequency band 5.0 t o  12.0 GHE, o r  6.d 

t o  2.5 cm wave length;  frequency band a t  which 

Thematic Mapper da ta  i s  t ransmit ted  t o  e a r t h  from 

space. 

The radar  frequency  and 1 . 5  t o  5.U GHE, o r  2 0  t o  

6 . u  c m  wave length; frequency band a t  which MSS 

da t a  i s  t r ansmi t t ea  t o  e a r t h  from space. 

Commonly used abbreviat ion f o r  "black and white" 

panchromatic f i lm o r  photography. 

Commonly used a b ~ r e v i a t i o n  fo r  "black and white 

i n f r a r ed"  f i lm o r  photography. 



Diazochrome 

SPOT 

Computer C o m p a t i ~ l e  Tape. Data received a t  

Landsat grounu receiving s t a t i o n  i s  i n i t i a l l y  

recorded a s  a  "High Density Data Tape". This t ape  

i s  then processea t o  co r rec t  c e r t a i n  geometric 

d i s t r i b u t i o n s  and t o  f a c i l i t e  subsequent computer 

a n a l y s i s  of t h e  da ta .  The r e s u l t  of t h i s  

co r rec t ion  and processing i s  a  "Computer 

C o m p a t i ~ l e  Tape, " o r  CCT. 

A r e l a t i v e l y  inexpensive method of forming color  

composite t ransparencies  from Landsat image da ta .  

Systeme Proba to i re  de I 'Observat ion de l a  Terre ,  

French e a r t h  resources s a t e l l i t e ,  present ly  

scheduled f o r  launch i n  1984. 

Line S t a r t  Malfunction i n  Landsat 3 data .  
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1 . 0  EXECUTIVE SUMMARY 

1.1 Problem and  Overview 

A I D ' S  t h r e e  remote s e n s i n g  p r o j e c t s  i n  T h a i l a n d  w e r e  
d e s i g n e d  t o  h e l p  d e v e l o p  T h a i  and  r e g i o n a l  c a p a b i l i t y  t o  r e c e i v e ,  
p r o c e s s ,  i n t e r p r e t  and  a p p l y  r e m o t e l y  s e n s e d  s a t e l l i t e  d a t a .  L a n d s a t  
d a t a  c a n  h e l p  i d e n t i f y  and  map a  w ide  v a r i e t y  o f  g e o g r a p h i c  a n d  
n a t u r a l  r e s o u r c e  c o n d i t i o n s  -- f o r e s t r y ,  s o i l ,  w a t e r ,  a g r i c u l t u r a l  
l a n d  u s e ,  u r b a n i z a t i o n ,  e t c .  R e m o t e  s e n s i n g  d a t a  t h u s  was n o t  s e e n  a s  
a  r e s p o n s e  t o  a  s p e c i f i c  deve lopment  p rob lem;  r a t h e r  i t  was s e e n  a s  a  
t o o l  t h a t  c o u l d  p r o v i d e  i n f o r m a t i o n  ( a )  o t h e r w i s e  n o t  a v a i l a b l e  ( o r  
o b t a i n a b l e  o n l y  a t  u n a c c e p t a b l y  h i g h  c o s t ) ,  ( b )  o n  a  r e c u r r e n t  b a s i s ,  
more f r e q u e n t l y  t h a n  a l t e r n a t i v e  d a t a  s o u r c e s ,  ( c )  a p p l i c a b l e  t o  
p r o b l e m - s o l v i n g  a c r o s s  t h e  b o a r d .  

1 . 2  N a t u r e  o f  U.S. A s s i s t a n c e  -- 
T h a i l a n d  began  a c q u i r i n g  L a n d s a t  imagery  i n  1972 ,  s o o n  a f t e r  

l a u n c h .  T h a i  s c i e n t i s t s  w e r e  t r a i n e d  i n  t h e  U.S. w i t h  f u n d i n g  f r o m  
A I L  a n d  o t h e r  s o u r c e s .  I n  1 9 7 8  t h e  RTG d e c i d e d  t o  b u i l d  a  s t a t i o n  
n e a r  Bangkok f o r  d i r e c t  r e c e p t i o n  f rom L a n d s a t  and  m e t e o r o l o g i c a l  
s a t e l l i t e s .  The  s t a t i o n  began o p e r a t i o n s  i n  l a t e  1981.  Under t h e  
E a r t h  R e s o u r c e s  Technology  S a t e l l i t e  p r o j e c t  (1972-1979) ,  A I D  (among 
o t h e r  d o n o r s )  p r o v i a e d  t e c h n i c a l  a s s i s t a n c e  and  equ ipmen t  t o  t h e  RTG 
agency  r e s p o n s i b l e  f o r  remote s e n s i n g ,  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l  
( N H C )  . Fund ing  t o t a l l e d  $261 ,000 .  I n  t h e  fo l low-on  p r o j e c t  (1979-  
8 2 ) ,  R e m o t e  S e n s i n g  Technology  f o r  Development (RSTD) , A I D  p r o v i d e d  a n  
a d d i t i o n a l  $ 2 9 ~ ~  000  f o r  f u r t h e r  t r a i n i n g  and  equipment .  P r o j e c t  
p u r p o s e  was t o  " e s t a b l i s h  t h e  c a p a b i l i t y  w i t h i n  t h e  RTG t o  m e e t  l i n e  
a g e n c i e s '  a n d  p o l i c y  make r s '  n e e d s  f o r  t i m e l y  a n d  r e l e v a n t  remote 
s e n s i n g  d a t a  f o r  e f f e c t i v e  r e s o u r c e  management. " 

W h i l e  t h e  RSTG p r o j e c t  was b e i n g  p l a n n e d ,  A I D  a l s o  i n i t i a t e d  
a  t h i r d  p r o j e c t ,  t o  d e v e l o p  a  r e g i o n a l  C e n t e r  f o r  A s i a n  R e m o t e  S e n s i n g  
Training. A u t h o r i z e d  i n  1979 ,  ARRSTC was a l s o  s e e n  a s  c o n t r i b u t i n g  
b r o a d l y  t o  n a t u r a l  r e s o u r c e s  management i n  t h e  ESCAP r e g i o n .  A t  $5.6  
m i l l i o n ,  t h e  A I D  ro l e  i n  t h e  c o n c e p t i o n  and  c r e a t i o n  o f  t h e  ARRSTC was 
v e r y  g r e a t  compared w i t h  t h e  r e l a t i v e l y  s m a l l  A I D  r o l e  i n  deve lopmen t  
o t  RTG remote s e n s i n g  c a p a b i l i t y .  On t h e  o t h e r  hand ,  t h e  ro l e  o f  U.S. 
i n s t i t u t i o n s  a l t o g e t h e r  (NASA, U.S. u n i v e r s i t i e s ,  A I D )  i n  t h e  t r a n s f e r  
o f  remote s e n s i n g  t e c h n o l o g y  t o  T h a i l a n d  was v e r y  much l a r g e r  t h a n  any 
o t h e r  c o u n t r y ' s  r o l e .  I n  a d d i t i o n ,  t h e  U.S. p r i v a t e  s e c t o r  made a  
s i g n i f i c a n t  c o n t r i b u t i o n  i n  t h e  form o f  comput ing  equ ipmen t  d o n a t e d  
( i n  e f f e c t )  by I B M  t o  t h e  r e g i o n a l  comput ing  c e n t e r  a t  t h e  A s i a n  
I n s t i t u t e  o f  Techno logy ,  which s e r v i c e s  t h e  computer  t e a c h i n g  of  t h e  
ARRSTC, a  u n i t  w i t h i n  t h e  I n s t i t u t e .  The  A I D  p r o j e c t  f i n a n c e s  f i v e  
r e s i d e n t  p r o f e s s o r s  ( o n  i n d i v i d u a l  p e r s o n a l  s e r v i c e s  c o n t r a c t s ) ,  
e ~ u i p m e n t  a n d  s c h o l a r s h i p s .  The c e n t e r  i s  d e s i g n e d  p r i m a r i l y  t o  
p r o v i d e  t r a i n i n g  i n  v i s u a l  and d i g i t a l  t e c h n i q u e s  f o r  a n a l y z i n g  
L a n d s a t  d a t a ,  b u t  a l s o  i s  supposed  t o  o f f e r  o u t r e a c h  s e r v i c e s  ( e . g .  
i n f o r m a t i o n  u p d a t e s ,  r e s e a r c h  a s s i s t a n c e )  f o r  t e c h n i c i a n s  a n d  
s c i e n t i s t s  i n  t h e  r e g i o n  u s i n g  L a n d s a t  d a t a .  



1 . 3  P u r p o s e  o f  E v a l u a t i o n  - 

T h i s  e v a l u a t i o n  f o c u s e s  o n  t h e  o p e r a t i o n s  o f  t h e  RTG remote 
s e n s i n g  " n e t w o r k " ,  i . e . ,  t h e  p r o d u c t i o n  and  d e l i v e r y  o f  L a n d s a t  d a t a  
by NRC a n d  i t s  u s e  by RTG a g e n c i e s .  I n  t h e  c a s e  of  t h e  r e g i o n a l  
c e n t e r ,  t n e  e v a l u a t i o n  i s  a  " l ~ d - c o u r s e "  l o o k  s i n c e  t h e  p r o j e c t  was 
d e l a y e d  i n  i m p l e m e n t a t i o n ;  o n l y  t w o  c l a s s e s  h a v e  g r a d u a t e d  t h u s  f a r  
a n d  t h e  o u t r e a c h  s e r v i c e s  h a v e  b a r e l y  begun.  I n  a d d i t i o n ,  t h e  
evaluation d i d  n o t  i n c l u d e  any t r a v e l  t o  ESCAP c o u n t r i e s  t o  f o l l o w  
impac t  o f  t h e  t r a i n i n g  on  u s e r  a g e n c i e s .  F o r  t h e  NRC p r o j e c t ,  a  
p r e v i o u s  e v a l u a t i o n  was p e r f o r m e d  i n  1 9 7 8  t o  d e t e r m i n e  w h e t h e r  a n d  how 
t h e  kSTL, p r o j e c t  s h o u l d  p r o c e e d  a s  fo l low-on  t o  t h e  e a r l i e r  ERTS 
p r o j e c t .  The  p r e s e n t  e v a l u a t i o n  was done  by a  four-man team,  b a s e d  on 
e x t e n s i v e  i n t e r v i e w s  d u r i n g  a  month i n  T h a i l a n d .  The e v a l u a t i o n s  w e r e  
n o t  i n t e n d e d  a s  d e t a i l e d  i n t e r n a l  " a u d i t "  t y p e  e x a m i n a t i o n s  of  
i m p l e m e n t a t i o n  e x p e r i e n c e .  R a t h e r  t h e y  f o c u s e d  on  s u b s t a n c e ,  on 
a p p l i c a t i o n  of  t h e  t e c h n o l o g y ,  a n d  i n c l u d e d  a n  e f f o r t  t o  draw g e n e r a l  
c o n c l u s ~ o r ~ s  f o r  A I U  r e g a r d i n g  t e c h n o l o g y  t r a n s f e r ,  n o t  j u s t  w i t h  
r e s p e c t  t o  r e m o t e  s e n s i n g .  

1 . 4  F i n d i n g s  

With r e s p e c t  t o  t h e  N R C  r e c e i v i n g  s t a t i o n  a n 6  t h e  d a t a  
p r o d u c t i o n  and  o u t r e a c h  f u n c t i o n s  of  t h e  NRC r e m o t e  s e n s i n g  u n i t ,  t h e  
e v a l u a t i o n  found  RTL o p e r a t i o n  t e c h n i c a l l y  s o p h i s t i c a t e d ,  b u t  
s u f f e r i n g  f rom p r o d u c t i o n  b a c k l o g s  a b o u t  which t h e  team made some 
s u g g e s t i o n s  f o r  management a n d  equ ipmen t .  The team a l s o  n o t e d  t h e  
equ ipmen t  a n d  o t h e r  p rob lems  p o s e d  f o r  t h e  RTG by t h e  u n c e r t a i n t i e s  
f a c i n g  f u t u r e  U.S. a c t i o n s  w i t h  r e s p e c t  t o  L a n d s a t  o r  s i m i l a r  
s a t e l l i t e s .  

Many RTG u s e r  a g e n c i e s  l a c k  s i m p l e  a n a l y s i s  equ ipment  which would 
e n a b l e  them t o  a n a l y z e  r e m o t e  s e n s i n g  d a t a  more f u l l y .  Lack o f  t h i s  
equ ipmen t  h a s  s lowed t h e  r a t e  o f  a d o p t i o n  o f  t h i s  t e c h n o l o g y .  I n  
a d d i t i o n ,  i n t e r a c t i v e  d i g i t a l  a n a l y s i s  equ ipmen t  o f  a p p r o p r i a t e  t y p e  
a n d  q u a l i t y  i s  n o t  r e a d i l y  available t o  t h e  m a j o r i t y  o f  RTG u s e r  
a g e n c i e s ,  l i m i t i n g  t h e  d e t a i l  t h a t  c a n  b e  e x t r a c t e d  frorn t h e  d a t a .  

The  p r i n c i p a l  RTG o b j e c t i v e  h a s  been  t o  o b t a i n  d a t a  u s e f u l  f o r  
c r o p  measurement  a n d  f o r e c a s t i n g .  T h i s  o b j e c t i v e  h a s  n o t  been  
r e a l i z e d ,  p a r t l y  due  t o  c l o u d  c o v e r ,  p a r t l y  t o  n e e d  f o r  f u r t h e r  
r e s e a r c h  and  t e c h n i c a l  deve lopmen t  ( e . g .  a p p l i c a t i o n  of  a r e a  f rame 
s a m p l i n g  techniques). Some o t h e r  p o t e n t i a l  a p p l i c a t i o n s  a l s o  a p p e a r  
u n d e r - r e s e a r c h e d .  O v e r a l l ,  remote s e n s i n g  t e c h n o l o g y  i s  b e i n g  
e f f e c t i v e l y  u t i l i z e d  i n  T h a i l a n d  f o r  r e s o u r c e s  a s s e s s m e n t ,  e v a l u a t i o n  
a n d  p l a n n i n g  p u r p o s e s .  The  e v a l u a t i o n  r e v i e w e d  u s e r  agency  
a p p l i c a t i o n s  i n  sonle d e t a i l .  UbAID p r o j e c t s  o v e r  t h e  y e a r s  have  p l a y e d  
a n  i m p o r t a n t  f a c i l i t a t i n g  r o l e  i n  t h i s  t r a n s f e r  p r o c e s s .  

The  e d u c a t i o n a l  p rogram a t  ARRSTC i s  sound  c o n c e p t u a l l y ,  b u t  d o e s  
n o t  a d e q u a t e l y  a d d r e s s  t h e  p rob lem o f  d i f f e r e n t i a l  s t u d e n t  
p r e p a r a t i o n ,  backg rounu  a n d  i n t e r e s t :  i s  n o t  y e t  a n  i n t e g r a l  p a r t  of  
t h e  academic  program a t  AIT; a n d  i s  hampered by o r g a n i z a t i o n  a s  a  
s i n g l e  l a r y e  c l a s s .  



The I B M  s o r t w a r e  (DIMAPS) on  t h e  I B M  370/5031 a t  AIT i s  n o t  
a c c e p t a ~ l e  f o r  mee t ing  t h e  c e n t e r ' s  o b j e c t i v e  o f  t e a c h i n g  a i g i t a l  
a n a l y s i s  a t  a  s o p h i s t i c a t e d  enough l e v e l .  The program i s  " u s e r  
f r i e n d l y "  b u t  h a s  i n a d e q u a t e  r e s o l v i n g  power. The a a o p t i o n  of d i g i t a l  
a n a l y s i s  i n  t h e  r e g i o n  w i l l  be s e t  back by c o n t i n u a t i o n  of  t h e  u s e  o f  
t h e  I d P i  program. Ano the r  l i m i t a t i o n  o n  t h e  t r a i n i n g  program i s  t h e  
d i r f i c u l t y  o f  ~ e t t i n g  s u i t a o l e  a e r i a l  photography  and  maps a t  
a p p r o p r i a t e  s c a l e  f o r  t r a i n i n g  a i d s  on  s i tes  i n  T h a i l a n d .  

The  A I L  remote s e n s i n g  p r o j e c t s  f o r  T h a i l a n d  have  been 
" t e c h n o l o g y - d r i v e n " ,  i n  t h e  s e n s e  t h a t  t h e  d e s i g n  and  e v a l u a t i o n  
e t f o r t s  d i d  n o t  e x p l o r e  w i t h  enough d e p t h  t h e  t e c h n o l o g y  management 
a n d  u s e r  d i t t u s i o n  r e q u i r e m e n t s .  Problems i n  t h e s e  a s p e c t s  t h a t  h a v e  
b e e n  u n r e s o l v e d  f o r  a  few y e a r s  might  have  Deen u s e f u l l y  a d d r e s s e d  by 
t h e  A I L ,  a c t i v i t i e s  i f  t h e y  had  been  p r o b e d  more d e e p l y  i n  t h e  d e s i g n  
a n a  e v a l u a t i o n  s t a g e s .  

P r o j e c t  Des ign  a n d  - P o l i c y  I m p l i c a t i o n s  

The  p r o j e c t s  a s s i s t i n g  t h e  NRC p r o v i d e d  most o f  t h e  p l a n n e d  
i n p u t s  a n d  c o n t r i b u t e d ,  a s  e x p e c t e d ,  t o  t h e  i n c r e a s i n g  c a p a b i l i t y  of  
NtiC t o  rneets i ~ s  d a t a  a c q u i s i t i o n  and  p r o d u c t i o n ,  and  t r a i n i n g ,  
~ D j e c t i v e s .  A s  i n d i c a t e d  above ,  t h e  s h o r t - f a l l s  were  i n  t h e  n a t u r e  o f  
o m i s s i o n s  and  o p p o r t u n i t i e s  A I D  migh t  have  t a k e n  ( a )  t o  h e l p  overcome 
NkC p r o d u c t i o n  p r o ~ l e m s  t h a t  h a v e  n o t  been  overcome a s  assumed,  a n d  
( b )  t o  p r o v i d e  t h e  r e l a t i v e l y  modes t  a d d i t i o n a l  i n p u t s  t h e  u s e r  
a g e n c i e s  ( n o t  i n c l u d e d  i n  t h e  AIL,  p r o j e c t s '  s c o p e )  n e e d  t o  e x p l o i t  t h e  
L a n a s a t  d a t a  t o  t h e  f u l l  e x t e n t  t h a t  would j u s t i f y  t h e  c o n s i d e r a b l e  
i n v e s t m e n t  t h e  RTG h a s  a l r e a d y  made i n  L a n d s a t  d a t a  a c q u i s i t i o n .  I n  
t h e  c a s e  of  tile r e g i o n a l  t r a i n i n g  c e n t e r ,  s i m i l a r l y ,  a n d  where  t h e  A I D  
role  h a s  been  v e r y  s u b s t a n t i a l ,  a  g r e a t e r  A I D  r o l e  i n  t h e  deve lopment  
o f  t h e  s o f t w a r e  migh t  h a v e  o b v i a t e d  t h e  need  a t  t h i s  t i m e ,  mid-way i n  
t h e  p r o j e c t  l i f e ,  f o r  ARRSTC t o  correct t h i s  d e f i c i e n c y .  I n  b o t h  
c a s e s ,  t h e  p r o ~ l e m s  c i t e d  a r e  r e c o g n i z e a  by t h e  i n s t i t u t i o n s  i n v o l v e d ,  
a n d  a r e  l i k e l y  t o  b e  a d a r e s s e d  i t  r e s o u r c e s  a r e  n o t  a  s e v e r e  
c o n s t r a i n t .  The e v a l u a t i o n  drew some s p e c i f i c  recommendat ions  f o r  
p o s s i b l e  f u t u r e  A I D  r o l e  w i t h  r e s p e c t  t o  t h e s e  p r o j e c t s  (and f o r  
r e m o t e  s e n s i n g  and  " h i g h "  t e c h n o l o g y  t r a n s f e r )  o u t l i n e d  be low.  
I n s o f a r  a s  p r o j e c t  d e s i g n  i s  c o n c e r n e d ,  w e  c o n c l u d e  t h a t  c l o s e r  
a d h e r e n c e  t o  t n e  s t a n d a r d  r e q u i r e m e n t s  o f  t h e  A I D  p r o j e c t  a n a l y s i s  
s e q u e n c e ,  w i t h  p a r t i c u l a r l y  close a t t e n t i o n  t o  t h e  " a s s u m p t i o n s "  p a r t  
o f  t h e  l og f r ame  a n a l y s i s ,  which  i n  th'ese c a s e s  h a r b o r e d  what  h a s  
t u r n e d  o u t  t o  b e  t h e  p rob lems  o f  t h e s e  a c t i v i t i e s  ( n o t  a l l  i n c l u d e d  i n  
t h i s  e x e c u t i v e  summary),  would h a v e  f o r c e d  more a t t e n t i o n  t o  t h e s e  - 

problems and  p e r h a p s  changea  t h e  mix of  a c t i v i t i e s  u n d e r  t h e  p r o j e c t s  
or  some a s p e c t s  of t h e i r  i m p l e m e n t a t i o n .  The A I D  m i s s i o n ' s  i n a b i l i t y  
t o  a l l o c a t e  enough s t a f f  o v e r s i g h t  t i m e  t o  t h e  NRC p r o j e c t s  was a n  
u n f o r t u n a t e  weakness  of  i m p l e m e n t a t i o n  I n  a a d i t i o n ,  USAID a t t e n t i o n  
h a s  been a b s o r b e d  l a r g e l y  by p rocu remen t  and o t h e r  d e t a i l s  o f  d a i l y  
i m p l e m e n t a t i o n .  



1.b Recommendat ions  

Besiaes t n e  s p e c i f i c  r e c o m m e n d a t i o n s  t o  NRC a n d  ARRSTC, 
a d a r e s s i n g  t h e  p r o b l e m s  c i t e d  a b o v e ,  t h e  e v a l u a t i o n  recommends USAID 
c o n t i n u e  t o  p l a y  a ro le  i n  remote s e n s i n g .  T h e  U.S. r e m a i n s  t h e  
l e a d i n g  c o u n t r y  i n  t h i s  t e c h n o l o g y ;  , I 'ha i  l i n k a g e s  w i t h  c1.S. s c i e n t i s t s  
w i l l  r e m a i n  v i t a l  f o r  m a i n t a i n i n g  t h e  momentum o f  a d o p t i o n  o f  t h e  
t e c h n o l o g y ;  a s s i s t a n c e  i n  t h e  s c i e n c e  management a s p e c t s  o f  t h e  
d i f f u s i o n  p r o c e s s  c o u l d  y i e l d  i m p o r t a n t  b e n e f i t s  t o  T h a i l a n d  f o r  
r e l a t i v e l y  s m a l l  U.S. i n p u t s ;  a s  a m i s s i o n  w i t h  a  l o n g  h i s t o r y  i n  T h a i  
d e v e l o p m e n t ,  USAIL, c a n  p r o v i d e  t h e  " g o o d  o f f i c e s "  f u n c t i o n  of  t h e  
o u t s i d e  a d v i s o r  on t h e  management a n d  a g e n c y  l i n k a g e  p r o b l e m s .  Any 
a d d i t i o n a l  a s s i s t a n c e  s h o u l d  a d d r e s s  u s e r  a g e n c y  n e e d s .  

Some g u i d e l i n e s  f o r  p ro jec t s  a s s i s t i n g  t h e  t r a n s f e r  o f  new, 
r a p i d l y  c n a n g i n g  " h i g h "  t e c h n o l o g i e s  a r e  s u g g e s t e d :  ( a )  a l l o w  more 
f l e x i b i l i t y  f o r  " m i d - c o u r s e  c o r r e c t i o n s "  d u r i n g  i m p l e m e n t a t i o n ;  ( b )  be 
s u r e  l o 9 f r a m e  " a s s u m p t i o n s "  are e x a m i n e d  v i g o r o u s l y ;  ( c )  p i a n  f o r  
c lose  m i s s i o n  a t t e n t i o n  t o  i n s t i t u t i o n a l  a n d  management a s p e c t s ;  ( d )  
e x a m i n e  how AID m i g h t  h e l p  c o u n t r i e s  m i n i m i z e  costs  e n t a i l e d  by s h o r t -  
t i m e  l a p s e s  b e t w e e n  e q u i p m e n t  " g e n e r a t i o n s " ;  ( e )  be s u r e  complementa ry  
a n d  t o p p i n g - o f f  e q u i p m e n t  n e e a s  o f  a l l  a g e n c i e s  i n  t h e  n e t w o r k  o f  t h e  
t e c h n o l o g y  a r e  a d d r e s s e d .  



2.U MAJOR CONCLUSIONS AND RECOMMENDATIONS 

1. C o n c l u s i o n :  

A t  p r e s e n t ,  t h e  T h i a  g r o u n d  r e c e i v i n g  s t a t i o n  i s  capable o f  

receiving L a n d s a t  4 M u l t i - S p e c t r a l  S c a n n e r  d a t a .  I t  i s  n o t  c a p a b l e  o f  

r e c e i v i n g  e i the r  T h e m a t i c  Mapper da ta  o r  SPOT d a t a .  L a n d s a t  d a t a  may 

n o t  be a v a i l a b l e  b e y o n d  t h e  d e s i g n  l i f e  o f  L a n d s a t  Dl. T h i s  would  

mean t h a t  u n l e s s  a p r i v a t e  sector company or a n o t h e r  c o u n t r y  l a u n c h e d  

a s a t e l l i t e  c o m p a r a b l e  t o  L a n d s a t ,  t h e  T h a i  g r o u n d  r e c e i v i n g  s t a t i o n  

would  become u n u s a b l e  w i t h o u t  s o f t w a r e  u p g r a d e s  n e c e s s a r y  t o  p r o c e s s  

o t h e r  t y p e s  o f  s a t e l l i t e  d a t a .  

D e c i s i o n s  r e g a r d i n g  f u t u r e  remote s e n s i n g  s a t e l l i t e  s y s t e m s  

w i l l  become m o r e  complex  a s  t h e  q u a n t i t y  of d a t a  b e i n g  g e n e r a t e d  i n  

s p a c e  i n c r e a s e s  many f o l d  a n d  as  s e v e r a l  c o u n t r i e s  l a u n c h  remote 

s e n s i n g  s a t e l l i t e s .  

Recommendat i o n  : 

T h e  RTG s h o u l d  e v a l u a t e  t h e  i m p a c t  o f  t h e s e  c h a n g e s  on  

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

2 .  C o n c l u s i o n :  

Equ ipment  p r o b l e m s ,  l a c k  o f  s u f f i c i e n t l y  t r a i n e d  t e c h n i c i a n s  

a n d  a commendable e f f o r t  t o  m a i n t a i n  q u a l i t y  c o n t r o l  h a v e  a l l  p l a g u e d  

t h e  NRC p r o a u c t  i o n  a n u  d i s s e m i n a t i o n  process. I n  p a r t i c u l a r ,  t h e  

O p t r o n i c s  F i l m  Writer (which t r a n s f e r s  d i g i t a l  d a t a  i n t o  f i l m  

p r o d u c t s )  i s  a  b o t t l e n e c k .  C e r t a i n  p r o d u c t s  d e s i r e d  by u s e r s  are n o t  

p r e s e n t l y  a v a i l a b l e  f r o m  N R C .  A p a r t i c u l a r l y  s o u g h t  a f t e r  a n d  u s e f u l  

f o r m  o f  d a t a  would  be t h e  1 : 2 5 0 , 0 0 0  color c o m p o s i t e s .  



Recommendation: 

N K C  i s  considering going t o  two shifts--working t h e  

Optronics F i l m  Writer 16 r a the r  than 8 hours a  day. The evaluation 

team encourages t ~ i i s  a s  a  poss ib le  so lu t ion  but notes t h a t  doing so  

w i l l  requi re  m r e  t r a ined  personnel and a  ready supply of spare p a r t s  

f o r  t h e  Optronics. Another poss ib le  so lu t ion  would be t o  procure a  

second Optronics ana run i t  i n  p a r a l l e l  with t he  one now i n  place. A 

t h i r a  so lu t ion  would be t o  buy a rrrore advanced, f a s t e r  system, such as  

a  l a s e r  wr i t e r .  Some considerat ion should be given t o  employing an 

independent analyst  ( f o r  2 - 3 months) t o  examine NRC's production and 

d i s t r i b u t i o n  process and t o  p resc r ibe  equipment purchases (o r  

modif icat ions)  . Management and personnel requirements should a l so  be 

s tud ied  and appropriate  recommendations made t o  increase  e f f i c i enc i e s .  

3 .  Conclusion: 

Many R T b  users lack simple ana lys i s  equipment which would 

enable them t o  analyze remote sensing da ta  more f u l l y .  Lack of t h i s  

equipment has slowed the  r a t e  of adoption and e f f ec t i ve  t r a n s f e r  of 

t h i s  technology . 
Recommendation: 

The RTG should acquire simple v i sua l  ana lys i s  equipment t h a t  

user  agencies need t o  round out  t h e i r  i n t e rp r e t a t i on  capab i l i t i e s .  

This equipment coulu include such items as  stereomicroscopes, Zoom 

Transfer  Scopes, r e f l e c t i n g  p ro jec to rs ,  and "hard copy output" 

per iphera ls  f o r  exis t ing  e lec t ro -op t ica l  image ana lys i s  equipment. 



4. Conclus ion:  

I n t e r a c t i v e  d i g i t a l  a n a l y s i s  equipment of an  a p p r o p r i a t e  

t y p e  and q u a l i t y  i s  n o t  r e a d i l y  a v a i l a b l e  t o  t h e  m a j o r i t y  of  t h e  RTG 

u s e r  and p o t e n t i a l  u s e r  a g e n c i e s .  Lack of t h i s  equipment h a s  s lowed 

the  r a t e  of a d o p t i o n  and  e f f e c t i v e  t r a n s f e r  of t h i s  t echno logy ,  and 

l i m i t s  t h e  d e t a i l  t h a t  may b e  e x t r a c t e d  from t h e s e  d a t a .  

Recommendation: 

The RTG s h o u l d  c o n s i d e r  e s t a b l i s h m e n t  of a c e n t r a l l y  l o c a t e d  

and r e a d i l y  a c c e s s i b l e  d i g i t a l  a n a l y s i s  c e n t e r  f o r  o p e r a t i o n a l  u s e  by 

u s e r  agenc ies .  Such a c e n t e r  c o u l d  b e  b u i l t  around a  d e d i c a t e d  mini-  

computer d i g i t a l  a n a l y s i s  system. Shared  usage  would s e r v e  needs of a  

number of a g e n c i e s  f o r  a w h i l e  ( u n t i l  i n d i v i d u a l  a g e n c i e s  r e a c h e d  t h e  

t h r e s h o l d  f o r  t h e i r  own s y s t e m s ) .  Inves tment  c o s t s  would be s t a g e d  

and growth i n c r e m e n t a l .  Cos t  s a v i n g s  shou ld  b e  r e a l i z e d .  

5 .  Conclus ion:  

A t  t h i s  s t a g e  i n  t h e  development of a p p l i c a t i o n s  of remote  

s e n s i n g  d a t a  i n  T h a i l a n d ,  r e s e a r c h  s e r v e s  two f u n c t i o n s :  t o  d e f i n e  

and r e f i n e  t h e  p o t e n t i a l  u s e s  of remote ly  sensed  d a t a  under  T h a i  

c o n d i t i o n s ,  and  t o  h e l p  s o l v e  knowledge problems i n  s u b j e c t  matter 

a p p l i c a t i o n s  where t h e  t e c h n i q u e s  of a p p l i c a t i o n  have been worked o u t  

and found s a t i s f a c t o r y .  The N R C  r e s e a r c h  budget  has been a l l o c a t e d  by 

t h e  r e s e a r c h  committee based  on rev iews  of p r o p o s a l s  p u t  t o  t h e  

committee by T h a i  r e s e a r c h e r s .  

Recommendation: 

With s e v e r a l  p o t e n t i a l l y  impor tan t  a p p l i c a t i o n s  of Landsa t  

s t i l l  n o t  demons t ra ted  ( i n )  f o r  c o n d i t i o n s  i n  T h a i l a n d ,  t h e  committee 

shou ld  c o n s i d e r  s e t t i n g  a s i d e  some of t h e  r e s e a r c h  budget  f o r  s u b j e c t s  



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

p o t e n t i a l .  Crop  measurement  and  f o r e c a s t i n g  i s  a n  o b v i o u s  f i r s t  

p r i o r i t y .  O t h e r  s u b j e c t s  f o r  which L a n d s a t  d a t a  may p r o v e  u s e f u l ,  b u t  

which  a p p e a r  u n d e r - r e s e a r c h e d  t h u s  f a r  i n c l u d e  ( a )  more d e t a i l e d  

mapping o f  f o r e s t  c o n d i t i o n ,  i n c l u d i n g  s p e c i e s  d i f f e r e n t i a t i o n ;  ( b )  

coastal  m o n i t o r i n g ;  ( c )  m o n i t o r i n g  o f  change  i n  u r b a n  s p r a w l  and  i t s  

enc roachmen t  on  a g r i c u l t u r a l  l a n d ;  ( d )  u r b a n  h y d r o l o g y ;  a n d  ( e )  s a l t  

w a t e r  i n t r u s i o n  i n  t h e  Chao Phya d e l t a .  

6 .  C o n c l u s i o n :  

A p r i n c i p a l  0 ~ j e c t i v e  o f  a n d  j u s t i f i c a t i o n  f o r  remote 

s e n s i n g  i n  T h a i l a n a ,  a g r i c u l t u r a l  c r o p  p r o d u c t i o n ,  measurement ,  a n d  

f o r e c a s t i n g ,  h a s  n o t  been  r e a l i z e d .  T h i s  a r e a  c o n t i n u e s  t o  b e  o f  

m a j o r  i m p o r t a n c e  t o  T h a i l a n d .  The  c u r r e n t  " a r e a  f r a m e  s a m p l i n g "  

program w i l l  a t t e m p t  t o  u s e  r e m o t e  s e n s i n g  t e c h n o l o g y  i n  a  s u p p o r t i n g  

role .  

Recommendation: 

R e m o t e  s e n s i n g  research a n d  d e m o n s t r a t i o n  t e s t i n g  i n  

a g r i c u l t u r a l  a p p l i c a t i o n s  s h o u l d  b e  e n c o u r a g e d  and  expanded .  

7 .  C o n c l u s i o n :  

A l t h o u g h  t h e  RTG a n d  NRC have  made commendable e f f o r t s  t o  

o r g a n i z e  and  t r a i n  t o  p romote  r e m o t e  s e n s i n g  d i f f u s i o n ,  t e c h n o l o g y  

a d o p t i o n  r e m a i n s  uneven.  I n  a d d i t i o n ,  NRC h a s  b e e n  o v e r l o a d e d  w i t h  

t a s k s  a n d  h a s  h a d  d i f f i c u l t y  c a r r y i n g  o u t  i t s  p r i m a r y  d a t a  

acquisition/proauction/distribution f u n c t i o n .  



Recommendation:  

NRC s h o u l d  c o n c e n t r a t e  o n  i t s  f i r s t  p r i o r i t y :  t h e  d a t a  

acquisition/proa~ction/distrib~tion f u n c t i o n .  USAID s h o u l d  c o n s i d e r  

p r o v i d i n g  a s s i s t a n c e  t o  NRC i n  p r o d u c t i o n  p l a n n i n g ,  q u a l i t y  c o n t r o l ,  

a n d  u s e r  a s s i s t a n c e  s u p p o r t  s e r v i c e .  

8. C o n c l u s i o n :  

NRC a p p e a r s  t o  be s u b s i d i z i n g  t h e  s a l e  o f  L a n d s a t  d a t a  

t h r o u g h o u t  t h e  r e g i o n .  

Recommendation:  

NRC s h o u l d  c a r r y  o u t  a p r o p e r  cost  a c c o u n t i n g  o f  i t s  

p r o d u c t s  t o  g e t  a c lear  p i c t u r e  o f  i t s  c o s t  a n d  s u b s i d y  p o s i t i o n .  

9. C o n c l u s i o n :  

R e m o t e  s e n s i n g  t e c h n o l o g y  i s  b e i n g  e f f e c t i v e l y  u t i l i z e d  i n  

T h a i l a n d  f o r  r e s o u r c e s  a s s e s s m e n t ,  e v a l u a t i o n ,  a n d  p l a n n i n g  p u r p o s e s .  

T h e  t e c h n o l o g y  i s  b e i n g  a d o p t e d  a n d  a s s i m i l a t e d  i n t o  t h e  c o u n t r y  

r e s o u r c e  i n f o r m a t i o n  s y s t e m .  I t s  u s e  h a s  i n c r e a s e d  s t e a d i l y  i n  t h e  

l a s t  11 y e a r s  a n d  i s  e x p e c t e d  t o  c o n t i n u e  i n c r e a s i n g  i n  t he  f u t u r e .  

UbAID h a s  p l a y e d  a n  i m p o r t a n t  f a c i l i t a t i n g  ro le  i n  t h i s  t e c h n o l o g y  

t r a n s f e r  p r o c e s s .  

Recommendation:  

F o r  r e a s o n s  o u t l i n e d  i n  S e c t i o n  9.0 o f  t h i s  r e p o r t ,  USAID 

s h o u l d  c o n t i n u e  t o  p l a y  a  ro l e  i n  remote s e n s i n g  i n  T h a i l a n d  a n d  i n  

t h e  A s i a n  r e g i o n .  



1 C o n c l u s i o n :  

T h e  g e n e r a l  e d u c a t i o n a l  a n d  t r a i n i n g  p r o g r a m  a t  AKRSTC, 

w h i l e  c o n c e p t u a l l y  s o u n d ,  d o e s  n o t  a d e q u a t e l y  a u d r e s s  t h e  problem o f  

d i f r e r e n t i a l  s t u d e n t  p r e p a r a t i o n ,  b a c k g r o u n d  a n d  i n t e r e s t ;  i s  n o t ,  as  

y e t ,  a n  i n t e g r a l  p a r t  o f  t h e  academic p r o g r a m  a t  AIT; a n d  i s  h a m p e r e d  

by  i t s  o r g a n i z a t i o n  as  a s i n g l e  l a r g e  c lass .  

Recommenda t ion :  

C h a n g e  t h e  f u n d a m e n t a l  s t r u c t u r e  o f  t h e  p r o g r a m  f r o m  a 

s i n g l e  t r a i n i n g  c o u r s e  t o  a p r o g r a m  o f  c o m p r e h e n s i v e ,  r e l a t e d  c o u r s e s .  

A c c r u i n g  w o u l d  be g r e a t e r  f l e x i b i l i t y ,  smaller c lass  s i z e ,  t h e  

o f f e r i n g  of c o u r s e s  a t  appropr ia te  e x p e r i e n c e  l e v e l s  f o r  a wide 

v a r i e t y  o f  s t u d e n t s ,  as  w e l l  a s  o f f e r i n g  s p e c i a l i z e d  c o u r s e s  i n  

s p e c i f i c  d i s c i p l i n e  a p p l i c a t i o n  t o p i c s .  T h i s  s t r u c t u r e  c o u l d  be 

e m p l o y e d  by  d e v e l o p  t h e  o f  k e r i n g  o f  a n  a p p r o p r i a t e  d e g r e e  o r  diploma 

p r o g r a m .  

11. C o n c l u s i o n :  

A n e e d  f o r  h i g h  q u a l i t y  e d u c a t i o n  i n  remote s e n s i n g  h a s  

e x i s t e d  i n  t h e  A s i a n  r e g i o n  a n d  w i l l  c o n t i n u e  t o  e x i s t  f o r  a n  

i n a e f i n i t l y .  T h e  AIiRSTC p r o g r a m  c a n  f i l l  t h i s  n e e d .  T h e  s t a r t  o f  t h e  

ARRSTC p r o g r a m  w a s  s u b s t a n t i a l l y  d e l a y e d  d u e  t o  problems i n  p r o c u r i n g  

e q u i p m e n t  a n d  o b t a i n i n g  a d e q u a t e  t e c h n i c a l  a s s i s t a n c e ;  t h e  p r o g r a m  i s  

p r e s e n t l y  b e h i n d  s c h e d u l e .  

Recommenda t ion :  

U S A I D  s h o u l d  c o n s i d e r  a n  e x t e n s i o n  o f  t h e  project  c o m p l e t i o n  

da t e  t o  c o m p e n s a t e  f o r  t i m e  l o s t  i n  p r o c u r e m e n t  d e l a y s .  



1 2 .  C o n c l u s i o n :  

The e x i s t i n g  I B M  s o f t w a r e  package  (DIMAPS) on t h e  I B M  

370/3031  a t  A I T  i s  n o t  a c c e p t a b l e  f o r  m e e t i n g  t h e  c e n t e r ' s  o b j e c t i v e  

o f  t e a c h i n g  d i g i t a l  a n a l y s i s  a t  a s o p h i s t i c a t e d  l e v e l .  The program i s  

" u s e r  f r i e n d l y "  b u t  h a s  i n a d e q u a t e  r e s o l v i n g  power.  The  a d o p t i o n  o f  

d i g i t a l  a n a l y s l s  i n  t h e  r e g i o n  w i l l  be se t  back by c o n t i n u a t i o n  of  t h e  

u s e  of t h e  IBM program.  

Recommendation: 

A I T  s n o u l d  t a k e  p s i t i v e  a c t i o n  t o  a l l e v i a t e  t h e  s i t u a t i o n ,  

s u c h  a s  c h o o s i n g  o n e  of t h e  f o l l o w i n g  c o u r s e s  o f  a c t i o n s :  (1)  modi fy  

a n u  u p g r a d e  t h e  e x i s t i n g  DIMAPS program t o  i n c l u d e  n e c e s s a r y  a n a l y s i s  

r o u t i n e s  and a p p r o a c h e s ;  ( 2 )  a d d  v i s u a l  p e r i p h e r a l s  and  i n t e r a c t i o n  

h a r d w a r e / s o f t w a r e  t o  t h e  RECOG-X p a c k a g e  a n d  h a v e  it s e r v e  as t h e  

primary sys t em;  ( 3 )  replace b o t h  DIMAPS a n d  RECOG-X w i t h  a s y s t e m  

( s u c h  as  EDITOR or LARSYS) t h a t  a l r e a d y  i n c o r p o r a t e s  u s e r  i n t e r a c t i o n  

f e a t u r e s  w i t h  h i g h  powered p r o c e s s i n g ;  ( 4 )  replace t h e  e x i s t i n g  IBM 

s y s t e m  w i t h  a min i -computer  s y s t e m  d e d i c a t e d  t o  r e m o t e  s e n s i n g  d i g i t a l  

a n a l y s i s  ( t h e  p r e s e n t  I O M  s y s t e m  would c o n t i n u e  t o  s e r v e  o t h e r  AIT 

u s e r s ) .  

13 .  Conc lus ion :  

The a s s u m p t i o n  t h a t  a e r i a l  pho tog raphy  and  maps a t  

a p p r o p r i a t e  scale  would be r e a d i l y  a v a i l a b l e  t o  ARRSTC t o  s u p p o r t  

t r a i n i n g  e x e r c i s e s  w a s  i n c o r r e c t .  Even when a e r i a l  p h o t o g r a p h y  i s  

a v a i l a b l e ,  it i s  o f t e n  so o u t  o f  d a t e  t h a t  it s e r v e s  p o o r l y  as a 

t r a i n i n g  a i d .  



Recommendat i o n  : 

AKRSTC s h o u l d  d e f i n e  i t s  r e q u i r e m e n t s  f o r  g r o u n d  t r u t h  s i t e s  

i n  T h a i l a n d  a n d  NRC s h o u l a  c o n t i n u e  i t s  e f f o r t  t o  c o o r d i n a t e  a n d  

a r r a n g e  f o r  t h e  r e l e a s e  o f  t h e s e  d a t a  t o  ARRSTC a s  s o o n  a s  p o s s i b l e .  

NKC s h o u l d  c o n s i d e r  u s i n g  a  l i g h t  a i r c r a f t ,  m o d i f i e d  f o r  s m a l l - f o r m a t  

( e . g . ,  35  mm or  7 0  mm)  p h o t o g r a p h y  t o  s u p p o r t  a p p l i e d  r e s e a r c h  and  

t r a i n i n g  e f f o r t s  i n  remote s e n s i n g  t e c h n o l o g y .  

1 4 .  C o n c l u s i o n :  

P r e v i o u s  e v a l u a t i o n s  a n d  p r o j e c t  d e s i g n  e f f o r t s  i n v o l v i n g  

r e m o t e  s e n s i n g  t e c h n o l o g y  have  been  " t e c h n o l o g y - d r i v e n .  " The f a c t  

t h a t  a  t e c h n o l o g y  i s  " h i g h "  s h o u l d  n o t  by i t s e l f  be  a n  e x c u s e  f o r  

t r e a t i n g  t h e  a n a l y s i s  of  project  i n p u t  n e e d s  d i f f e r e n t l y  f rom t h o s e  o f  

more " o r d i n a r y "  p r o j e c t s .  

Recommendation: 

I n  t h e  c a s e  o f  new, h i g h  t e c h n o l o g i e s ,  it is  e x t r e m e l y  

i m p o r t a n t  t h a t  USAID a d h e r e  t o  p r o j e c t  d e s i g n  a n d  e v a l u a t i o n  f o r m a t s  

a n d  p r o c e d u r e s .  

SUMMARY CONCLUSION 

The e x p e r i e n c e  o f  t h e s e  p r o j e c t s  s u g g e s t s  some g u i d e l i n e s  f o r  A I D  

p r o j e c t s  a s s i s t i ~ l g  t h e  t r a n s f e r  o f  new, r a p i d l y  c h a n g i n g  " h i g h "  

t e c h n o l o g i e s :  ( a )  a l l o w  g r e a t e r  f l e x i b i l i t y  f o r  "mid-course  

c o r r e c t i o n s "  d u r i n g  project i m p l e m e n t a t i o n ;  (b) b e  s u r e  l og f r ame  

" a s s u m p t i o n s "  a r e  examined v i g o r o u s l y :  (c) p l a n  f o r  close USAID 

attention t o  i n s t i t u t i o n a l  a n d  management a s p e c t s ;  ( d )  examine  how A I D  



migh t  h e l p  c o u n t r i e s  min imize  costs e n t a i l e d  by s h o r t  t i m e  l a p s e  

be tween  equipment  " g e n e r a t i o n s " ;  ( e )  be s u r e  complementary and 

t o p p i n g - o f f  equ ipmen t  needs  of  a l l  a g e n c i e s  i n  t h e  ne twork  o f  t h e  

t e c h n o l o g y  a r e  a d d r e s s e d .  



3.0 PROJECT CONTEXT 

A I D ' S  remote s e n s i n g  p r o j e c t s  i n  T h a i l a n d  were d e s i g n e d  t o  h e l p  

d e v e l o p  T h a i  a n d  r e g i o n a l  c a p a b i l i t y  t o  r e c e i v e ,  process, i n t e r p r e t  

a n d  a p p l y  r e m o t e l y  s e n s e d  s a t e l l i t e  d a t a .  S i n c e  r e m o t e l y  s e n s e d  d a t a  

c a n  be u s e d  t o  d e t e r m i n e  and  map a w i d e  v a r i e t y  o f  g e o g r a p h i c  a n d  

n a t u r a l  r e s o u r c e  c o n d i t i o n s  - f o r e s t r y ,  s o i l ,  w a t e r ,  a g r i c u l t u r e  l a n d  

u s e ,  u r b a n i z a t i o n ,  e tc . ,  t h e  s a t e l l i t e s  are a  w i d e l y  a p p l i c a b l e  d a t a  

s o u r c e .  Thus  deve lopment  of  r e m o t e  s e n s i n g  c a p a b i l i t y  w a s  n o t  s e e n  by 

t h e  US o r  t h e  c o u n t r i e s  o f  t h e  r e g i o n  a s  a  r e s p o n s e  t o  any p a r t i c u l a r  

deve lopment  problem a s  i s  t h e  more u s u a l  s i t u a t i o n  when ( s a y )  

a g r i c u l t u r e  p r o d u c t i o n  or  o t h e r  t e c h n o l o g i e s  a r e  p r o p o s e d  f o r  t r a n s f e r  

a n d  f o r  e x t e r n a l  a s s i s t a n c e .  I n s t e a d  remote s e n s i n g  was s e e n  a s  a  

p o w e r f u l  new d a t a  t o o l  t h a t  c o u l d  p r o v i d e  i n f o r m a t i o n  ( a )  o t h e r w i s e  

n o t  a v a i l a b l e  (or o b t a i n a b l e  o n l y  a t  u n a c c e p t a b l y  h i g h  c o s t ) ,  ( b )  on  a  

r e c u r r e n t  b a s i s  w i t h  a much h i g h e r  f r e q u e n c y  t h a n  a l t e r n a t i v e  d a t a  

s o u r c e s ,  ( c  ) a p p l i c a b l e  t o  p r o b l e m - s o l v i n g  a c r o s s  t h e  b o a r d .  

A s  a  new s o u r c e  of  d a t a  i n p u t  i n t o  deve lopment  p l a n n i n g ,  project 

p l a n n i n g ,  disaster m o n i t o r i n g  a n d  economic p o l i c y  f o r m u l a t i o n ,  t h e  

j u s t i f i c a t i o n  f o r  i n v e s t m e n t  i n  remote s e n s i n g  c a p a b i l i t y  w a s  t h e  same 

i n  p r i n c i p l e  a s  t h a t  f o r  a l l  o t h e r  s o u r c e s  o f  t h e  d a t a  s t r e a m s  

f e e d i n g  i n t o  deve lopment  p l a n n i n g .  While t h e  project  papers g a v e  

examples  o f  s p e c i f i c  p o t e n t i a l  a n d  a c t u a l  u s e s ,  t h e s e  were 

i l l u s t r a t i v e  i n  f a c t  s i n c e  ( a )  some t u r n e d  o u t  t o  be i n f e a s i b l e ,  ( b )  

o t h e r s  w i l l  d e v e l o p  o r  become mre p o w e r f u l  a s  t h e  t e c h n o l o g y  improves  

( e . g .  w i t h  t h e  h i g h e r  r e s o l u t i o n  p l a n n e d  f o r  t h e  F r e n c h  SPOT s a t e l l i t e  

d u e  f o r  1 9 8 4  l a u n c h ) ,  and ( c )  a c t u a l  u s e  would depend  o n  d e c i s i o n s  by 

u s e r  a g e n c i e s  other t h a n  t h e  d a t a  g e n e r a t i n g  a n d  t r a i n i n g  u n i t s  

a s s i s t e d  by t h e s e  p r o j e c t s .  I n  a d d i t i o n ,  a b s e n t  any e f f o r t  t o  



q u a n t i t y  b e n e f i t s  t h a t  might flow from s p e c i f i c  u s e s ,  t h e  p r o j e c t  

p a p e r s  d i d  n o t  a t t e m p t  t o  t i e  remote s e n s i n g  c a p a b i l i t y  t o  any s u b s e t  

o f  u s e s  t h a t  would e n t a i l  by themse lves  b e n e f i t s  s u f f i c i e n t  t o  

d e m o n s t r a t e  t h e  economics of t h i s  p a r t i c u l a r  d a t a  s o u r c e  compared w i t h  

a l t e r n a t i v e s ,  or compared w i t h  t h e  cost of  o b t a i n i n g  t h e  remote  

s e n s i n g  d a t a .  

I n  s h o r t ,  t h e s e  p r o j e c t s  i n v o l v e d  a t r a n s f e r  o f  t echno logy  which 

had t o  be d i f f u s e d  outward t o  u s e r s ,  t h e  a p p l i c a t i o n s  of  which had  t o  

be t e s t e d  and demonst ra ted ,  t h e  r e v e r s e  of  t h e  normal  sequence  

embodied i n  A I D ' S  p r o j e c t  c o n c e p t u a l i z i n g  p r o c e s s  i n  which t h e  

d e s i g n e r s  a r e  assumed t o  s t a r t  w i t h  some ( p r e f e r a b l y  s h a r p l y  d e f i n e d )  

p r o b l e m ( s  ) and work backward through t h e  f a c t o r s  d e t e r m i n i n g  t h e  

c o n d i t i o n s  t o  be addressed ,  t o  t h e  d a t a  r e q u i r e m e n t s  f o r  t h e i r  

measurement and moni to r ing .  

The u s e  o f  a e r i a l  photography i n  mapping i n  T h a i l a n d  g o e s  back 30 

y e a r s  a t  t h e  Royal T h a i  Survey.  I n  1 9 7 1  t h e  RTG r e c o g n i z e d  t h a t  

s a t e l l i t e  imagery c o u l d  b e  a d a t a  s o u r c e  f o r  a  v a r i e t y  of  

a g r i c u l t u r a l ,  f o r e s t r y ,  l and-a rea  mapping, g e o l o g i c a l  and 

h y d r o l o g i c a l ,  oceanograph ic  and env i ronmenta l  u s e s ,  and decided t o  

j o i n  t h e  NASA remote s e n s i n g  programs. An i n t e r - m i n i s t e r i a l  N a t i o n a l  

Remote Sens ing  C o o r d i n a t i n g  C o m m i t t e e  was a p p o i n t e d ,  and soon a f t e r  

l aunch ,  T h a i l a n d  began t o  a c q u i r e  Landsat-1 imagery (NOV.  1972)  from 

t h e  U.S. With fund ing  from A I D  and o t h e r  s o u r c e s ,  seminars  and 

t r a i n i n g  programs w e r e  i n i t i a t e d  from t h e  s t a r t .  T h a i  s c i e n t i s t s  

r e c e i v e d  t r a i n i n g  i n  t h e  US, some i n  b a s i c  o r i e n t a t i o n  c o u r s e s  a t  t he  

EROS Data C e n t e r  i n  Sioux F a l l s  S.D., o t h e r s  i n  more i n t e n s i v e  s t u d y  

a t  Purdue U n i v e r s i t y  I N .  Q u i t e  n a t u r a l l y ,  g i v e n  t h e  l e a d i n g  r o l e  



p l a y e d  by t h e  US i n  t h e  1 9 7 0 ' s  i n  t h e  development of  s a t e l l i t e  remote 

s e n s i n g ,  t h e  T h a i  and o t h e r  E a s t  As ian  s c i e n t i s t s  and  t e c h n i c i a n s  

drawn i n t o  remote s e n s i n g  deve loped  a  network of  p r o f e s s i o n a l  and 

c o l l e g i a l  r e l a t i o n s h i p s  c l o s e l y  t i e d  i n  w i t h  t h e  US i n s t i t u t i o n s  and 

s c i e n t i f i c  community i n v o l v e d  i n  t h i s  r a p i d l y  emerging t echno logy .  By 

1978 t h e  RTG h a d  d e c i d e d  t o  b u i l d  a s t a t i o n  n e a r  Bangkok f o r  d i r e c t  

r e c e p t i o n  of  d a t a  from L a n d s a t  and m e t e r o l o g i c a l  s a t e l l i t e s .  The 

s t a t i o n  began o p e r a t i o n  i n  l a t e  1982. 

During t h i s  whole p e r i o d ,  T h a i  s c i e n t i s t s  w e r e  c a r r y i n g  o u t  a  

v a r i e t y  of r e s e a r c h  p r o j e c t s  t e s t i n g  o u t  t h e  i n t e r p r e t a t i o n  and  

a p p l i c a t i o n  of  r emote  s e n s i n g  d a t a  ( o b t a i n e d  from NASA u n t i l  t h e  

r e c e n t  s t a r t - u p  of  t h e  t h a i  r e c e i v i n g  s t a t i o n ) .  While  t h e  ground w a s  

b e i n g  l a i d  f o r  w i d e r  f a m i l i a r i t y  w i t h  t h e  a n a l y s i s  of remote s e n s i n g  

d a t a ,  and  some s i g n i f i c a n t  a p p l i c a t i o n s  t o  development  p l a n n i n g  w e r e  

o b t a i n e d  ( a s  d e s c r i b e d  be low) ,  widespread  and s y s t e m a t i c  u s e  was n o t  

( a n d  p robab ly  c o u l d  n o t  have  been)  ach ieved .  

A s  no ted ,  t h e  r e l a t i o n s h i p s  between T h a i  and US i n s t i t u t i o n s  and  

p r o f e s s i o n a l s  w e r e  c r i t i c a l  f o r  t h i s  e n t i r e  p h a s e  of T h a i l a n d ' s  

e x p e r i e n c e  i n  a c q u i r i n g  c a p a b i l i t y  i n  t h i s  t echno logy .  O t h e r  d o n o r s  

a l s o  made v a l u a b l e  c o n t r i b u t i o n s  ( E S C A P ,  UNDP/FAO, A u s t r a l i a ,  F rance ,  

Ford  F o u n d a t i o n ) ,  and Canadian  a i d  i s  now emerging a s  t h e  major  

e x t e r n a l  s o u r c e  f o r  t h e  f u r t h e r  development of  NRC c a p a b i l i t y .  

Beginning  i n  1972,  A I D  h a s  a s s i s t e d  t h e  NRC and i n d i v i d u a l  T h a i  

i n v e s t i g a t o r s  under  t h r e e  p r o j e c t s .  A number o f  Tha i  r e s e a r c h  

p r o j e c t s  i n t o  p o t e n t i a l  a p p l i c a t i o n s  w e r e  funded under  t h e  c e n t r a l l y -  

funded  S m a l l  G r a n t s  Project. T h i s  p r o j e c t  w a s  d e s i g n e d  t o  i n t r o d u c e  

and  s t i m u l a t e  i n t e r e s t  i n  remote s e n s i n g  a p p l i c a t i o n s  and p r o v i d e d  

s i g n i f i c a n t  s e e d  money f o r  t h e  h a n d f u l  of  T h a i  r e s e a r c h e r s  who were i n  



p o s i t i o n  t o  u n d e r t a k e  t h i s  work. 

Under t h e  E a r t h  Resources  Technology S a t e l l i t e  (ERTS) p r o j e c t  

(1972-79),  A I D  p r o v i d e d  t e c h n i c a l  a s s i s t a n c e  and some equipment t o  

NKC.  Ten T h a i s  r e c e i v e d  t r a i n i n g  i n  t h e  US. Seventy-one were t r a i n e d  

i n  T h a i l a n d  i n  t w o  6-week c o u r s e s  f o r  p e r s o n n e l  from u s e r  a g e n c i e s .  

S e v e r a l  p i e c e s  of  equipment  were o b t a i n e d  t o  p r o v i d e  imagery 

p r o d u c t i o n  and r e a d i n g  c a p a c i t y .  T o t a l  fund ing  i n  t h i s  p r o j e c t  was 

$261,00(1. 

I n  1977 t h e  RTG proposed  t h a t  t h e  ERTS p r o j e c t  be  ex tended  

a n o t h e r  two y e a r s  t o  h e l p  f u r t h e r  s t r e n g t h e n  NRC. I n  t he  p r o c e s s  of 

d e c i d i n g  i t s  response ,  A I D  conduc ted  a n  e v a l u a t i o n  of  t h e  p r o j e c t  i n  

1978 ( r e p r o d u c e d  i n  t h e  RSTD P r o j e c t  Paper ,  May 1979) .  The e v a l u a t i o n  

concluded t h a t  t h e  p r o j e c t  had m e t  i t s  o b j e c t i v e s  and t h a t  t he  

p r o p o s e a  follow-on p r o j e c t  s h o u l d  be " f a v o r a b l y  cons ide red" .  

The follow-on RSTD p r o j e c t  o b l i g a t e d  $290,000 i n  1979,  abou t  

h a l f  f o r  a d d i t i o n a l  t r a i n i n g  and h a l f  f o r  p h o t o g r a p h i c  and a n a l y t i c  

equipment.  A s  summarized i n  t h e  L o g i c a l  Framework, t h e  broad 

O D  j e c t i v e  was t o  " o p t i m i z e  e f f e c t i v e  u t i l i z a t i o n  and c o n s e r v a t i o n  o f  

n a t u r a l  r e s o u r c e s  i n  r u r a l  T h a i l a n d  f o r  t h e  b e n e f i t  o f  t h e  r u r a l  

p o p u l a t i o n " .  The s p e c i f i c  p r o j e c t  p u r p o s e  was t o  " e s t a b l i s h  t h e  

c a p a b i l i t y  w i t h i n  t h e  RTG t o  m e e t  l i n e  a g e n c i e s '  and  p o l i c y  makers '  

needs  f o r  t i m e l y  and r e l e v a n t  remote  s e n s i n g  d a t a  f o r  e f f e c t i v e  r u r a l  

r e s o u r c e  management". The o u t p u t s  of t n e  p r o j e c t  w e r e  t o  be t r a i n e d  

s t a f f  and f u n c t i o n i n g  equipment ,  and " l i n k a g e s  e s t a b l i s h e d  between 

l l n e  a g e n c i e s  a n a  NRC". A I D  d i s b u r s e m e n t  w a s  p r o j e c t e d  t o  end i n  

1982. S i n c e  t h e  p r o j e c t  w a s  a s s o c i a t e d  w i t h  t h e  n e x t  major  s t e p  i n  

T h a i l a n d ' s  development  o f  remote  s e n s i n g  c a p a b i l i t y ,  t h e  c o n s t r u c t i o n  



o f  t h e  r e c e i v i n g  s t a t i o n ,  t h e  RTG c o n t r i b u t i o n  t o  t h e  project  ( s h w n  

as  i n c l u d i n g  t h e  e s t i m a t e d  $4  m i l l i o n  cost o f  t h e  s t a t i o n )  w a s  o v e r  $5 

m i l l i o n ,  or  18 t i m e s  t h e  A I D  c o n t r i b u t i o n .  

A t  t h e  same t i m e  a s  A I L  was p r e p a r i n g  t h i s  t h i r d  a c t i v i t y ,  it was 

a l s o  d e v e l o p i n g  a  r e g i o n a l  p r o j e c t  f o r  a n  A s i a n  R e m o t e  S e n s i n g  

T r a i n i n g  C e n t e r .  A u t h o r i z e d  i n  1979 ,  t h e  ARRSTC p r o j e c t  was a l s o  s e e n  

as  c o n t r i b u t i n g  v e r y  b r o a d l y  t o  n a t u r a l  r e s o u r c e s  management i n  t h e  

r e g i o n .  A I D  p l a y e d  a  much g r e a t e r  r o l e  i n  t h e  i n i t i a t i o n  o f  t h e  

Regioned  T r a i n i n g  C e n t e r  t h a n  i n  t h e  deve lopment  o f  t h e  T h a i  f a c i l i t y ,  

w h e r e  e a r l y  RTG i n t e r e s t  i n  h a v i n g  a  r e g i o n a l  r e c e i v i n g  s t a t i o n  

r e s u l t e d  i n  t h e  d e c i s i o n  t o  b u i l d  i t s  won s t a t i o n  w i t h  T h a i  f u n d s .  

The  i d e a  f o r  t h e  C e n t e r  w a s  d e v e l o p e d  i n  AID/W a n d  was a d o p t e d  by A I d  

a f t e r  a  t eam v i s i t e d  some c o u n t r i e s  o f  t h e  r e g i o n  i n  Augus t  and  

September 1978,  t o  e x p l a i n  t h e  p r o p o s e d  p r o j e c t  and  a s s e s s  government  

i n t e r e s t .  The team found  " v a r y i n g  b u t  g e n e r a l l y  k e e n  i n t e r e s t " ,  

s u f f i c i e n t  t o  w a r r a n t  p r o c e e d i n g .  

T h i s  p r o j e c t  w a s  d e s i g n e d  t o  d e v e l o p  a n  i n t e r n a t i o n a l l y  

r e c o g n i z e d  c e n t e r  w i t h  "an ongo ing  program f u l l y  s u p p o r t e d  by t h e  

r e g i o n ' s  c o u n t r i e s  and  i n s t i t u t i o n s ,  and  a n  o u t p u t  t h a t  i s  

s a t i s f a c t o r i l y  u t i l i z e d  t h r ~ u g h o u t  t h e  r e g i o n " .  The  C e n t e r  would be 

l o c a t e d  a t ,  and  be an  o r g a n i z a t i o n a l  e n t i t y  o f ,  t h e  r e g i o n a l  A s i a n  

I n s t i t u t e  o f  Technology ( A I T ) .  I n  P h a s e  I o v e r  t h e  f i r s t  t h r e e  y e a r s ,  

t h e  C e n t e r  would d e v e l o p  t h e  c a p a c i t y  t o  p r o v i d e  s h o r t - c o u r s e  t r a i n i n g  

t o  u s e r  agency p e r s o n n e l  and  t o  o f f e r  s u p p o r t  s e r v i c e s  t o  u s e r  

a g e n c i e s  t h r o u g h  "problem s o l v i n g ,  r e s e a r c h  and  o u t r e a c h " .  P h a s e  I I 

was e x p e c t e d  t o  s t a r t  i n  FY 8 2  a n d  d i f f e r e d  f rom P h a s e  I i n  h a v i n g  

g r e a t e r  emphas l s  on  program i m p l e m e n t a t i o n  t h e n  s t a r t - u p  a c t i v i t i e s ,  

w i t h  t h e  added  f e a t u r e  of  p o s s i b l y  d e v e l o p i n g  a  m a s t e r ' s  d e g r e e  



program. A mid -cour se  e v a l u a t i o n  was p l a n n e d  b e f o r e  f i n a l  commitment 

t o  p r o c e e d  w i t h  P h a s e  11. 

T o t a l  cost o f  t h e  p r o j e c t  t h r o u g h  FY85 w a s  p l a n n e d  a t  $12 .6  

m i l l i o n  of  which ESCAP w a s  t o  c o n t r i b u t e  $0.5 m i l l i o n  f o r  

s c h o l a r s h i p s ,  A I D  $4.7 m i l l i o n  f o r  o p e r a t i o n a l  costs, commdities a n d  

computer  ma in tenance ,  and  A I D  $5 .6  m i l l i o n .  The  RTG c o n t r i b u t i o n  was 

shown a t  $1.8 m i l l i o n  of which $1 .3  m i l l i o n ,  o n e - t h i r d  t h e  cost o f  t h e  

r e c e i v i n g  s t a t i o n ,  w a s  a t t r i b u t e d  t o  t h e  p r o j e c t  s i n c e  t h e  ARRSTC 

would be a major  u s e r  f o r  t h e  s t a t i o n  a n d  w a s  supposed  t o  r e c e i v e  NRC 

d a t a  a t  no  cost. Under t h e  a c t u a l  agreement  between NRC a n d  A I D ,  NRC 

i s  t o  p r o v i d e  d a t a  a t  a pr ice  c o v e r i n g  cost. A I D  funds  were a l l o c a t e d  

ma in ly  f o r  long- te rm c o n s u l t a n t s  ( 5  members o f  t h e  t e a c h i n g  s t a f f )  a n d  

equipment ,  i n c l u d i n g  v i s u a l  a n a l y s i s  ha rdware ,  a n a l o g  equipment ,  a n d  

computer  p e r i p h e r a l s .  

An u n u s u a l  f e a t u r e  o f  t h e  ARRSTC p r o j e c t  was a  c o n t r i b u t i o n  f rom 

t h e  U S  p r i v a t e  sector i n  t h e  form o f  a  long- te rm l o a n  t o  A I T  o f  

computer  equipment  by t h e  I B M  C o r p o r a t i o n .  While t h i s  l o a n  t o  t h e  AIT 

R e g i o n a l  Computer C e n t e r  ( a l o n g  w i t h  a n  e x p e r t  s econded  by I B M  a s  RCC 

director) preceded the establishment of ARRSTC, the heavy r e l i a n c e  o f  

ARRSTC on t h e  computing c e n t e r  ( a n d  t h e  c o n s i d e r a b l e  p o r t i o n  of  

computing t i m e  t h a t  ARRSTC would r e q u i r e )  meant t h a t  t h e  r o l e  o f  t h e  

computer  c e n t e r  was c r i t i c a l  t o  t h e  o p e r a t i o n s  o f  t h e  t r a i n i n g  c e n t e r .  

The  IBM equipment  was v a l u e d  a t  $ 5  m i l l i o n .  

The  o u t p u t s  f o r e s e e n  i n  t h e  ARRSTC log f rame  i n c l u d e d  t h e  t r a i n i n g  

o f  200 or  more t e c h n i c i a n s  and  c o n d u c t  o f  a t  l e a s t  t w o  r e g i o n a l  

s e m i n a r s  per y e a r ,  i n  a d d i t i o n  t o  t h e  e s t a b l i s h m e n t  of  t h e  p r o c e s s i n g  

f a c i l i t i e s  and  a r c h i v e s .  O u t r e a c h  s e r v i c e s  were a l s o  i m p o r t a n t  



p l a n n e d  o u t p u t s  ( a l t h o u g h  n o t  i n c l u d e d  i n  t h e  l o g f  rame). The  u l t i m a t e  

p u r p o s e  o f  t h e  p r o j e c t  o f  c o u r s e  was t o  see i t s  g r a d u a t e s  i n  

r e s p o n s i b l e  p o s i t i o n s  i n  u s e r  a g e n c i e s  o f  gove rnmen t s  o f  t h e  r e g i o n ,  

i n t e g r a t i n g  t h e  a n a l y s i s  o f  s a t e l l i t e  remote s e n s i n g  d a t a  i n t o  t h e  

p l a n n i n g  p r o c e s s e s  o f  t h e i r  c o u n t r i e s .  

T h i s  e v a l u a t i o n  i s  n o t  e x p e c t e d  t o  examine  i n  any d e p t h  t h e  

e x t e n t  t o  which t h e  AIT p r o j e c t  is  c o n t r i b u t i n g  t o  d i f f u s i o n  o f  t h i s  

t e c h n o l o g y  i n  t h e  r e g i o n .  Such a n  e x a m i n a t i o n  would  r e q u i r e  much t i m e  

a n d  t r a v e l  t o  e a c h  o f  t h e  c o u n t r i e s .  I n  any case, it would  be 

p r e m a t u r e  t o  attempt mre t h a n  a " m n i t o r i n g "  l o o k  a t  e n d  r e s u l t s  

s i n c e  o n l y  two classes h a v e  g r a d u a t e d  t h u s  f a r  a n d  t h e  o u t r e a c h  

s e r v i c e s  h a v e  b a r e l y  begun. W e  have  a t t e m p t e d  t o  g e t  a f e e l  f o r  t h e  

p rob lems  f a c i n g  d i  f f u s i o n  o u t s i d e  T h a i l a n d ,  b u t  h a v e  n a t u r a l l y  

c o n c e n t r a t e d  on  t h e  u s e r  i s s u e s  w i t h i n  T h a i l a n d .  



4.0 SPATIAL RESOURCE INFORMATION SYSTEMS AND PROCESSES 

A review of  t h e  c h a r a c t e r i s t i c s  of a  s u c c e s s f u l  sys tem of 

a c q u i r i n g ,  a n a l y z i n g ,  and u s i n g  s p a t i a l  i n f o r m a t i o n  g a t h e r e d  by remote 

s e n s i n g  means can  p r o v i d e  a  u s e f u l  p o i n t  of  r e f e r e n c e  a g a i n s t  which t o  

measure  t h e  e v o l u t i o n ,  s i t u a t i o n ,  and f u t u r e  development  o f  remote  

s e n s i n g  a c t i v i t i e s  i n  Tha i l and .  The review i s  e s s e n t i a l l y  t h a t  of  t h e  

s i t u a t i o n  i n  t h e  U n i t e d  S t a t e s ;  o t h e r  deve loped  n a t i o n s  o p e r a t e  i n  

much t h e  same way. 

Emphasis th roughou t  i s  p l a c e d  on t h e  u s e  o f  remote s e n s i n g  t o  

p r o v i d e  i n f o r m a t i o n  on t h e  s p a t i a l  a s p e c t s  of  problems,  e .g .  

d e f o r e s t a t i o n ,  s u r f a c e  w a t e r  usage ,  or u rban  s p r a w l .  Accord ing ly ,  t h e  

t o o l s  and t e c h n i q u e s  are  d i s c u s s e d  r e l a t i v e  t o  t h e i r  a b i l i t y  t o  

p r o v i d e  t h a t  s p a t i a l  i n f o r m a t i o n  r a t h e r  t h a n  t o  emphasize t h e i r  

"space-age" hardware  c h a r a c t e r i s t i c s .  Remote s e n s i n g  i s  n o t h i n g  more 

t h a n  a s u i t e  of  tools and t e c h n i q u e s  p r o d u c i n g  s p a t i a l  i n f o r m a t i o n  

t h a t  c a n  augment or r e p l a c e  ( i n  some i n s t a n c e s )  s p a t i a l  d a t a  a c q u i r e d  

i n  o t h e r  ways. A l a r g e  number o f  o r g a n i z a t i o n s  -- most ly  

governmenta l ,  some p r i v a t e  s e c t o r  -- c h a r g e d  w i t h  t h e  r e s p o n s i b i l i t y  

of d e v e l o p i n g ,  m a i n t a i n i n g  and r e p o r t i n g  s p a t i a l  i n f o r m a t i o n  -- e .g .  

area of  c r o p s ,  f o r e s t  -- c a n  employ remote ly  s e n s e d  s p a t i a l  d a t a .  

T h e r e f o r e ,  t h e  s i g n i f i c a n t  q u e s t i o n  t o  ra ise  r e g a r d i n g  t h e  v a l u e  

o f  remote s e n s i n g  i s  - n o t  what t h e  impact  of  r emote  s e n s i n g  t echno logy  

h a s  been on improving d i f f i c u l t  r e s o u r c e  management problems b u t  

r a t h e r  how w e l l  remote ly  s e n s e d  d a t a  h a s  a i d e d  t h e  g a t h e r i n g  and u s e  

o f  s p a t i a l  i n f o r m a t i o n .  Have a g e n c i e s  r e a l i z e d  s a v i n g s  from t h e  u s e  



o f  remote ly  s e n s e d  d a t a  ( o v e r  c o n v e n t i o n a l )  o r  have,  pe rhaps ,  t h e s e  

d a t a  p r o v i d e d  some i n f o r m a t i o n  t h a t  non-synopt ic  sys tems ( e s p e c i a l l y  

t h o s e  n o t  a b l e  t o  invoke modern tools of a n a l y s i s )  canno t  d e l i v e r .  

The emphasis on p o t e n t i a l  u t i l i t y  i n  p r o v i d i n g  s p a t i a l  

i n f o r m a t i o n  was s e e n  i n  t h e  Uni ted  S t a t e s  a t  t h e  beg inn ing  of  t h e  

program when, p r i o r  t o  t h e  launch of  t h e  o r i g i n a l  Landsa t  (ERTS- 

l ) ,  e x t e n s i v e  d i s c u s s i o n s  were h e l d  w i t h  p o t e n t i a l  u s e r s  of t h e  d a t a  

( i n c l u d i n g  T h a i  s c i e n t i s t s ) .  T h e i r  needs were t h e n  i n c o r p o r a t e d  i n t o  

t h e  p r o c e s s  of making d e c i s i o n s  on  t h e  c o n f i g u r a t i o n  and  d e s i g n  of t h e  

s a t e l l i t e .  These s p e c i f i e d  needs were b lended  w i t h  t h e n  l i m i t a t i o n s  

i n  hardware s e l e c t i o n  and w i t h  p o l i t i c a l  d e c i s i o n s  t o  be c o n s i d e r e d  i n  

opening t h e  s k i e s  t o  e a r t h  s u r v e i l l a n c e  of  a l l  t h e  w o r l d ' s  c o u n t r i e s  

f o r  t h e  f i r s t  t i m e .  The a g r e e d  upon r e s u l t i n g  package was t h e  naw 

f a m i l i a r  one: t h e  Re tu rn  Beam Vid icon  system, whose usage  was 

l i m i t e d  by t e c h n i c a l  problems;  and t h e  M u l t i  S p e c t r a l  Scanner  

Subsystem (MSS) t h a t  h a s  become t h e  core of t h e  L a n d s a t  sys tem 

( th rough  f o u r  s e p a r a t e  r e p l i c a t i o n s  of  t h e  Lands a t  s a t e l l i t e  series. ) 

Other  components of t h e  sys tem of e q u a l  s i g n i f i c a n c e  t o  t h e  t y p e  

o f  d a t a  s p e c i f i e d  by t h e  u s e r s  concerned t h e  n a t u r e  o f  t h e  s a t e l l i t e  

i t s e l f ,  i t s  d a t a  g a t h e r i n g  equipment,  s u s t a i n i n g  sys tems,  d a t a  

r e c o r d i n g  and t r a n s m i s s i o n  sys tems,  and t h e  t i m i n g  and t h e  r o u t i n g  o f  

t h e  s a t e l l i t e  i t s e l f .  While t h e  t o t a l l y  U.S.-developed and o p e r a t e d  

sys tem h a s  c e r t a i n  s h o r t f a l l s ,  a s  judged by c u r r e n t  s t a n d a r d s ,  t h e  

system h a s  produced a  s t e a d y  s t r e a m  of  d a t a ,  from J u l y  of  1972 t h r o u g h  

t h e  p r e s e n t ,  t h a t  have  been widely  used by n a t i o n s  everywhere.  Only 

r e c e n t l y  have major changes  i n  t h e  t o t a l  sys tem package been 

i n t r o d u c e d  ( a s  w i t h  t h e  c a s e  o f  t h e  Thematic  Mapper sys tem a b o a r d  

Landsat  4 )  or o t h e r  s a t e l l i t e s  been p lanned;  t h e  French 



a n d  J a p a n e s e  a r e  s c h e d u l e d  t o  l a u n c h  e a r t h  o b s e r v a t i o n  a n d  r e s o u r c e  

d a t a  g a t h e r i n g  s a t e l l i t e s  s o m e t i m e  w i t h i n  t h e  n e x t  few y e a r s .  

Because  t h e  p a r a m e t e r s  o f  t h e  data were t h e  r e s u l t  o f  compromises  

a n d  a re  n o t  t a i lo red  f o r  s p e c i f i c  c o u n t r i e s  or f o r  g r e a t l y  d i f f e r i n g  

e n v i r o n m e n t s  w i t h i n  a  s i n g l e  c o u n t r y  (e.9. f o r e s t s  v e r s u s  u r b a n  

a r e a s ) ,  u s e r s  h a v e  been  r e q u i r e d  t o  m a n i p u l a t e  a n d  modi fy  t h e i r  

r e q u i r e m e n t s  t o  match  t h e  d a t a  a v a i l a b l e .  Awareness  o f  t h i s  f a c t  is  

n e c e s s a r y  i n  e v a l u a t i n g  t h e  s u c c e s s  o f  remote s e n s i n g  i n  T h a i l a n d  a n d  

o t h e r  t r o p i c a l  c o u n t r i e s ,  as  w e l l  as i n  v a r y i n g  e n v i r o n m e n t s  i n  any 

c o u n t r y .  

An e a r l y  d e t e c t e d  weakness  i n  wha t  p r o v e d  t o  be a r e m a r k a b l y  

r e l i a b l e  s y s t e m  ( t h e  f i r s t  s a t e l l i t e  w a s  g i v e n  a nomina l  l i f e s p a n  o f  

o n e  y e a r  b u t  c o n t i n u e d  t o  t r a n s m i t  v i t a l  data f o r  s e v e r a l ) ,  w a s  t h e  

c a p t u r i n g  o f  data by tape r e c o r d e r  w h i l e  t h e  s a t e l l i t e  w a s  beyond 

r e a c h  of  t r a c k i n g / r e c e i v i n g  s t a t i o n s  i n  t h e  U n i t e d  S t a t e s .  A 

s t r a i g h t f o r w a r d  s o l u t i o n  t o  t h i s  problem was t h e  e s t a b l i s h i n g  o f  

t r a c k i n g / r e c e i v i n g  s t a t i o n s  a t  v a r i o u s  p o i n t s  i n  t h e  world.  Among 

t h e s e  w a s  T h a i l a n d .  A more s o p h i s t i c a t e d  s y s t e m  f o r  a c h i e v i n g  t h e  

same end has been t h e  d e v e l o p m e n t  of a s y s t e m  of t w o  sa te l l i t e s  

p e r m a n e n t l y  p a r k e d  i n  s t a t i o n a r y ,  geosynch ronous  o r b i t s  t h a t  would 

r e c e i v e  d a t a  f rom L a n d s a t  a n d  t r a n s m i t  it t o  a s i n g l e  U.S. s t a t i o n  

a t  White Sands  Missile Range, New Mexico. The f i r s t  o f  t h e s e  T r a c k i n g  

Data a n d  R e l a y  S t a t i o n s ,  TURS E a s t ,  w a s  placed i n t o  a f a u l t y  o r b i t  by 

S p a c e  S h u t t l e  i n  A p r i l ,  1983 .  Ground e x p e r t s  are  h o p i n g  t o  nudge t h e  

s t a t i o n  i n t o  i t s  d e s i g n e d  o r b i t .  P r e v i o u s  p l a n s  h a v e  c a l l e d  f o r  t h e  

l a u n c h i n g  o f  TDRS W e s t  i n  J u n e  o f  1983 .  The n e e d  f o r  many o f  t h e  

g r o u n d  r e c e i v i n g  s t a t i o n s  t o  a c q u i r e  d a t a  would be somewhat o b v i a t e d .  



Thus  T h a i l a n d ,  w i t h  i t s  t r a c k i n g / r e c e i v i n g  s t a t i o n ,  t o d a y  h a s  

b o t h  t h e  a d v a n t a g e s  a n d  r e s p o n s i b i l i t i e s  t h a t  accompany t h e  

s t e w a r d s h i p  o f  s u c h  a s t a t i o n .  An a p p a r e n t  a d v a n t a g e  i s  t h e  i m m e d i a t e  

access t o  d a t a  it r e c e i v e s  -- a n d  even  t h e  e x c i t i n g  p o s s i b i l i t y  o f  

e v e n t u a l l y  p r o c e s s i n g  t h e  d a t a  i n  " r e a l  t i m e " .  T h e  d i s a d v a n t a g e  

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

U n i t e d  S t a t e s  a n d  t o  A s i a n  c o u n t r i e s  w i t h i n  c o v e r a g e  o f  t h e  t r a c k i n g  

s t a t i o n .  

4 . 1  Data D i s s e m i n a t i o n  

Rank ing  i n  e q u a l  i m p o r t a n c e  t o  d a t a  a c q u i s i t i o n  i s  d a t a  

d i s s e m i n a t i o n .  While m a i n t a i n i n g  a c o n s t a n t  f l o w  o f  a p r o d u c t  i s  

e s s e n t i a l  t o  any  p r o d u c t i o n  f u n c t i o n ,  be it a m a n u f a c t u r i n g  

e s t a b l i s h m e n t  or  a s e r v i c e  f a c i l i t y ,  a L a n d s a t  d a t a  f a c i l i t y  mus t  h a v e  

t h e  c a p a b i l i t y  t o  d e l i v e r  d a t a  v e r y  q u i c k l y  i f  i t  i s  t o  meet t h e  

c h a l l e n g e s  a n d  o p p o r t u n i t i e s  made p o s s i b l e  by t h e  L a n d s a t  s y s t e m .  A  

complex  s y s t e m  o f  s u p p o r t  s e r v i c e s  i s  r e q u i r e d  t o  m e e t  t h e s e  e n d s .  

Equipment  n e e d s  are h i g h ,  methods mus t  be r e g o r o u s ,  a n d  a l l  t h e  

n e c e s s i t i e s  f o r  h a n d l i n g  l a r g e  volumes o f  d a t a  mus t  be p r e s e n t .  The  

E a r t h  R e s o u r c e s  O b s e r v a t i o n  Sys t em a t  S i o u x  F a l l s ,  S o u t h  D a k o t a  

operated by t h e  U .S. G e o l o g i c a l  S u r v e y ,  a n d  a i d e d  by p r i v a t e  

c o n t r a c t o r s ,  i s  s u c h  a f a c i l i t y .  

I n  a d a i t i o n  t o  t h e  a b i l i t y  t o  r e s p o n d  q u i c k l y  t o  d a t a  o r d e r s  

p l a c e d  by u s e r s ,  a s y s t e m  mus t  e x i s t  t h a t  p r o v i d e s  u s e r s  w i t h  a n  

o r d e r i n g  s e r v i c e .  Complex o n e s  p r o v i d e  a v i s u a l  image c o p y  ( u s u a l l y  

o n  compu te r  c o n t r o l l e d  r e t r i e v a l  s y s t e m s )  o f  t h e  d e s i r e d  l o c a t i o n .  

The  c u s t o m e r  c a n  make i n i t i a l  d e t e r m i n a t i o n s  of  t h e  s u i t a b i l i t y  o f  a n  

image ( c o n s i d e r i n g  c l o u d  c o v e r ,  c l a r i t y ,  a n d  s p a t i a l  c o v e r a g e ) .  An 

e v e n  mre s o p h i s t i c a t e d  l e v e l  o f  consumer  s e r v i c e  i s  w h e r e  r e s o u r c e  



s p e c i a l i s t s  i n  t h e  u s e r  c e n t e r  c a n  d i s c u s s  t h e  n a t u r e  o f  t h e  problem 

t o  be s t u d i e d  a n d  prescribe t h e  t y p e  o f  d a t a  r e q u i r e d ,  f o r  example ,  a 

s i n g l e  band,  c o m b i n a t i o n s ,  b l a c k  6 w h i t e ,  or color images  a t  v a r y i n g  

scales, as w e l l  a s  t h e  c o n f i g u r a t i o n  o f  Computer C o m p a t i b l e  T a p e s  

(CCT's )  i f  t h e  u s e r  i s  c o n s i d e r i n g  d i g i t a l  a n a l y s i s .  

4.2 Techno logy  T r a n s f e r  

4 .2 .1  Awareness  a n d  I n t r o d u c t i o n  t o  R e m o t e  S e n s i n q  - - 
P r i n c i p l e s  

R e m o t e  s e n s i n g  i s  a b r o a d  t e r m  a n d  comprises a l l  

forms of  o b s e r v i n g  a n d  m e a s u r i n g  o f  phenomena f rom a f a r  ( o n  t h e  

g round ,  u n d e r  the  sea, and  i n  t h e  atmosphere). A p r i n c i p a l  component  

o f  remote s e n s i n g  i s  t h e  i n t e r p r e t a t i o n  o f  a e r i a l  p h o t o g r a p h y ,  a s k i l l  

t h a t  w a s  i n t r o d u c e d  i n  t h e  e a r l y  1 9 0 0 ' s  a n d  w a s  v a s t l y  expanded  by t h e  

e n d  of  t h e  World War 11. The  t e r m  remote s e n s i n g  s h o u l d  n o t  be 

a p p l i e d  s o l e l y  t o  d a t a  g a t h e r e d  by s a t e l l i t e .  By t h i s  d e f i n i t i o n ,  a 

s m a l l  cadre o f  u s e r s  has b e e n  i n v o l v e d  i n  remote s e n s i n g  f o r  a l o n g  

time. The  quantum jump f o r w a r d  i n  o b t a i n i n g  s y n o p t i c  c o v e r a g e  o f  much 

o f  t h e  e a r t h ' s  s u r f a c e  -- j u s t i f i a b l y  e x c i t e d  t h e  p u b l i c  i m a g i n a t i o n  

a n d  opened  eno rmous ly  broad poss ib i l i t ies  f o r  r e p e t i t i v e ,  o b s e r v a t i o n  

o f  t h e  ea r th ' s  s u r f a c e .  

To make maximal u s e  o f  t h e s e  new d a t a ,  promoters 

o f  t h e  s y s t e m  -- l a r g e l y  NASA -- e n t e r e d  upon a  m a j o r  w o r l d  e f f o r t  t o  

p u b l i c i z e  t h e  s y s t e m  a n d  d e m o n s t r a t e  a wide  v a r i e t y  of  possible 

a p p l i c a t i o n s .  A c t i v i t i e s  d e s i g n e d  t o  m e e t  t h i s  end  c o n s i s t e d  o f  

p r e s e n t a t i o n s  o f  workshops ,  s p o n s o r i n g  o f  c o n f e r e n c e s ,  and  c o o p e r a t i v e  

e x p e r i m e n t s  w i t h  numerous c o u n t r i e s .  P r o g r e s s  r e p o r t s  a n d  r e s e a r c h  

f i n d i n g s  were p r e s e n t e d  a t  i n t e r n a t i o n a l  sympos ia .  



The i d e a l  s i t u a t i o n  of  h a v i n g  i n d i v i d u a l  c o u n t r i e s  

j o i n  NASA i n  i t s  s p r e a d i n g  of awareness  of  remote  s e n s i n g  w a s  a t t a i n e d  

when s e v e r a l  c o u n t r i e s  ( i n c l u d i n g  T h a i l a n d )  i n i t i a t e d  t h e i r  own 

programs,  o f t e n  w i t h  U S  fund ing .  

4.2.2 T r a i n i n g  and  Educa t ion  

A d i s t i n c t i o n  s h o u l d  be made between t r a i n i n g  and 

e d u c a t i o n .  The fo rmer  s h o u l d  r e f e r  t o  j u s t  t h e  l e a r n i n g  o f  t h e  

t e c h n i q u e s  r e q u i r e d  t o  u s e  remote s e n s i n g  d a t a  by p e r s o n s  a l r e a d y  

i n v o l v e d  i n  t h e  a n a l y z i n g  and m a n i p u l a t i o n  o f  s p a t i a l  d a t a  i n  t h e i r  

d a i l y  work. E d u c a t i o n  f o r  making w i s e  management d e c i s i o n s )  t a k e s  t h e  

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

a b i l i t i e s ,  t h e  p e r s o n  s h o u l d  be knowledgeable enough i n  t h e  e n t i r e  

f i e l d  of  remote s e n s i n g  t o  be able t o  make d e c i s i o n s  and  c h o i c e s  o v e r  

which t e c h n i q u e s  are t o  be used ,  which d a t a  w i l l  p r o v i d e  t h e  r e q u i r e d  

answers  a n d  the  d e g r e e  o f  s u p p o r t i n g  equipment,  p e r s o n n e l ,  and f i e l d  

a c t i v i t i e s  r e q u i r e d .  These  p e r s o n s  need t o  be e d u c a t e d  t o  t h e  p o i n t  

where  t h e y  can  make t h e  d e c i s i o n s  t h a t  are t h e  most p r a c t i c a l  and  h e l p  

t o  s o l v e  problems i n  t h e  mst  c o s t - e f f e c t i v e  way. 

To meet t r a i n i n g  and e d u c a t i o n  g o a l s  a p p r o p r i a t e  

i n s t i t u t i o n s  must b e  e s t a b l i s h e d .  T r a i n i n g  can ,  and  h a s  been ,  a c h i e v e d  

t h r o u g h  t h e  d e v i c e  o f  b r i n g i n g  members of  a p a r t i c u l a r  d i s c i p l i n e  

t o g e t h e r  t o  c e n t e r s  o f  e i t h e r  e d u c a t i o n  or r e s e a r c h .  A t  t h e s e  

i n s t i t u t i o n s ,  i n d i v i d u a l s  a r e  g i v e n  r i g o r o u s  s h o r t  c o u r s e s  s u p p o r t e d  

by "hands on" s e s s i o n s  w i t h  t h e  a p p r o p r i a t e  equipment  and s e l f - t a u g h t  

t u t o r i a l s  ( u s i n g  a v a r i e t y  of a u d i o  and  v i s u a l  t r a i n i n g  t e c h n i q u e s ) .  

Educa t ion ,  t h e  b r o a d e r  approach,  r e q u i r e s  t h e  f u l l  i n t e g r a t i o n  of  

remote s e n s i n g  t echno logy  i n t o  a program o f  s t u d y  w i t h i n  a  p a r t i c u l a r  

d i s c i p l i n e  working  toward  a n  academic degree .  Such programs c a n  a n d  



s h o u l d  encompass  s e v e r a l  a cademic  t e r m s  w i t h  t h e  remote s e n s i n g  

component of t h e  d e g r e e  a c h i e v i n g  a l e v e l  o f  a mino r  e m p h a s i s  w i t h i n  a 

program.  Many u n i v e r s i t i e s  h a v i n g  w e l l  d e v e l o p e d  remote s e n s i n g  

t e a c h i n g  and  e x p e r i m e n t a l  l a b o r a t o r y  f a c i l i t i e s  c o n a u c t  s u c h  p rog rams .  

A good  example  i s  t h e  L a b o r a t o r y  f o r  A p p l i c a t i o n s  o f  Remote S e n s i n g  a t  

P u r d u e  U n i v e r s i t y .  

4 . 3  R e l a t i o n s h i p  o f  Remotely  S e n s e d  -- Data t o  S o l u t i o n  - o f  
S p a t i a l  ~ r o b z m s  

The  making o f  maximal u s e  o f  r e m o t e l y  s e n s e d  da t a  r e q u i r e s  

f i r s t  t h e  f u l l  u n d e r s t a n d i n g  o f  t h e  ro l e  p l a y e d  by any  s p a t i a l  data ,  

r e g a r d l e s s  o f  how a c q u i r e d  ( e i t h e r  g r o u n d  c o l l e c t e d  o r  o b t a i n e d  by 

remote s e n s i n g ) .  V i r t u a l l y  a l l  p rob l ems  o f  managing r e s o u r c e s  o r  

a c q u i r i n g  mre knowledge  a b o u t  t h e  c h a r a c t e r  o f  t h e  e a r t h ' s  s u r f a c e  o r  

i t s  man-made o c c u p a n c e  h a v e  a s p a t i a l  component.  The  n e e d  almost 

a l w a y s  e x i s t s  t o  know t h e  s p a t i a l  d i s t r i b u t i o n  o f  a phenomenon p a r t l y  

t o  assess any  p r o b l e m s  a s s o c i a t e d  w i t h  l o c a t i o n  a n d  n e c e s s a r y  dynamic  

i n t e r a c t i o n  ( f o r  i n s t a n c e ,  t r a n s p o r t a t i o n  o f  a p r o d u c t )  a n d  p a r t l y  t o  

be able t o  q u a n t i f y  t o t a l  amount. The p e r s o n  o r  agency  r e s p o n s i b l e  

f o r  m e a s u r i n g  a phenomenon s h o u l d  t h e r e f o r e  e x p l o r e  t h e  p o s s i b i l i t y  o f  

u s i n g  r e m o t e l y  s e n s e d  d a t a  t o  s u p p o r t ,  or  e v e n  replace, t r a d i t i o n a l  

means of  g a t h e r i n g  s p a t i a l  d a t a .  A s i m p l e  example  i s  t h e  

d e t e r m i n a t i o n  o f  t h e  e x t e n t  and  q u a l i t y  o f  a f o r e s t .  By t r a d i t i o n a l  

means, g r o u n d  e s t i m a t e s  a re  made o f  t h e  volume o f  t i m b e r .  T h e s e  

est imates h a v e  b e e n  s h a r p e n e d  t h r o u g h  e x p e r i e n c e  and ,  o n  t h e  who le ,  

a r e  r e l i a b l e .  C l e a r l y ,  t hough ,  t h e y  r e q u i r e  f r e q u e n t ,  l e n g t h y  s u r v e y s  

o n  f o o t ,  o f t e n  i n  areas t h a t  a re  t o p o g r a p h i c a l l y  rough  a n d  located a t  

g r e a t  d i s t a n c e s  f rom l o g i s t i c a l  s u p p o r t .  By some means o f  remote 



s e n s i n g  -- a e r i a l  p h o t o  i n t e r p r e t a t i o n  e i t h e r  u s e d  a l o n e  o r  i n  c o n s o r t  

w i t h  i n t e r p r e t a t i o n  of  s a t e l l i t e  d a t a ,  e i t h e r  v i s u a l  o r  d i g i t a l  -- t h e  

a r e a  of f o r e s t  under  s t u d y  can  be a n a l y z e d  and  e s t i m a t e s  of  t h e  t imber 

c o v e r  made. 

Having made t h e  d e c i s i o n  t o  employ r e m o t e l y  s e n s e d  d a t a ,  an  

a n a l y s t  must  t h e n  s e l e c t  f rom a v a r i e t y  o f  d a t a  sets a v a i l a b l e .  

Making t h e  d e c i s i o n  r e q u i r e s  t h e  c o n s i d e r a t i o n  of  a l l  t h e  p e r t i n e n t  

f a c t o r s  b e f o r e  s e l e c t i n g .  These  may be g rouped  under  t h e  h e a d i n g s  o f :  

a v a i l a b i l i t y  of  r emote ly  s e n s e d  d a t a ;  c o s t  o f  a c q u i r i n g  it;  equipment  

t o  make maximal u s e  of  it; and p o s s e s s i o n  of  t h e  r e q u i s i t e  s k i l l s  t o  

a n a l y z e  t h e  d a t a  and  t o  i n t e r j e c t  it i n t o  t h e  p r o j e c t  a t  hand.  A t  

t h i s  c r i t i c a l  p o i n t ,  c a r e  s h o u l d  b e  t a k e n  t o  a v o i d  t h e  s e l e c t i o n  o f  

d a t a  set  o n l y  b e c a u s e  it w a s  t h e  o n l y  o n e  r e a d i l y  a v a i l a b l e  or t h e  

o n l y  o n e  t h e  a n a l y s t  h a d  t h e  s ~ i l l  t o  use .  Where d a t a  a re  s c a r c e  -- 
as  i s  o f t e n  t h e  c a s e  i n  d e v e l o p i n g  n a t i o n s  -- t h e  t e m p t a t i o n  o f t e n  

s u r f a c e s  t o  u s e  d a t a  t h a t  is  poor  i n  q u a l i t y  or t a k e n  a t  an 

i n a p p r o p r i a t e  d a t e .  I n  an i d e a l  s i t u a t i o n  where  t h e  a n a l y s t  h a s  

e l e c t e d  t o  u s e  L a n d s a t  d i g i t a l  d a t a  p r o c e s s s e d  by computer ,  t h e r e  

s h o u l d  b e  an  o p p o r t u n i t y  t o  o r d e r  s u p p o r t i n g  a e r i a l  pho tography  and 

c o l l e c t e d  ground t r u t h  d a t a  t h a t  i s  contemporaneous  w i t h  t h e  o v e r  

f l i g h t  o f  t h e  s a t e l l i t e .  

4.4 P l a c i n g  Remotely Sensed  Data  I n t o  a S p a t i a l  I n f o r m a t i o n  --- 
System 

R e g a r d l e s s  o f  t h e  s o u r c e  o f  s p a t i a l  d a t a ,  be it ground 

c o l l e c t e d  or remote ly  s e n s e d ,  i t s  v a l u e  as a s u p p o r t  t o  problem 

s o l u t i o n  can  be r e a l i z e d  o n l y  when p l a c e d  i n t o  a s p a t i a l  i n f o r m a t i o n  

sys t em.  These  s p a t i a l  i n f o r m a t i o n  sys t ems  can  b e  s imply  a map on 

which o f f i c i a l s  can  see r e l a t i o n s h i p s  o r  t h e  i n f o r m a t i o n  c a n  be p u t  



i n t o  d i g i t a l  a d d r e s s  f o r m a t  a n d  i n c o r p o r a t e d  i n t o  a  G e o g r a p h i c  Based  

I n f o r m a t i o n  Sys tem ( t i IS)  . 
Comrmnly, i n f o r m a t i o n  t a k e n  t h r o u g h  i n t e r p r e t a t i o n  o f  a e r i a l  

p h o t o g r a p h y ,  or s a t e l l i t e  v i s u a l  imagery  i s  t r a n s f e r r e d  t o  maps 

m a n u a l l y  by n o t i n g  t h e  l o c a t i o n  o f  t h e  i n f o r m a t i o n  phenomenon, f i n d i n g  

t h a t  same l o c a t i o n  on a  map and  d rawing  i n  a  po lygon .  More e l a b o r a t e  

s y s t e m s  u s e  some sor t  o f  o p t i c a l  t r a n s f e r  d e v i c e .  

More advanced  s y s t e m s ,  e s p e c i a l l y  t h o s e  u s i n g  compu te r s  t o  

process s a t e l l i t e  d i g i t a l  d a t a ,  c a n  make map p r o d u c t s  t h r o u g h  

m a n i p u l a t i o n  o f  v a r i o u s  " h a r d  copy" d e v i c e s .  I n  t h e s e ,  t h e  d i g i t a l  

d a t a  c a n  be  g i v e n  p r e c i s e  g e o g r a p h i c  a d d r e s s e s  a n d  r e g i s t e r e d  t o  map 

c o o r d i n a t e s .  A s  a  f u r t h e r  enhancement ,  map p o i n t  a n d  l i n e  d a t a  c a n  be 

s u p e r i m p o s e d .  

Once t h e  i n f o r m a t i o n  i s  p l a c e d  i n t o  map form,  t h e  v i t a l  s t e p  

o f  making a r e a l  measurements  i s  u n d e r t a k e n .  T h i s  p r o v i d e s  t h e  a r e a l  

d i m e n s i o n  o f  t h e  phenomenon i n  a d d i t i o n  t o  i t s  l o c a t i o n .  by 

s u p e r i m p o s i n g  t h e  b o u n d a r i e s  o f  a r e a l  a d m i n i s t r a t i v e  u n i t e s  -- a  

p r o v i n c e ,  government  r e s e r v a t i o n ,  e tc .  -- t h e  f u r t h e r  s t ep  c a n  be 

t a k e n  of a g g r e g a t i n g  t h e  a r e a  of t h e  i t e m  of i n t e r e s t .  T a b l e s  can  

t h e n  b e  d e r i v e d  o f  a l l  s p a t i a l  d a t a  r e p o r t e d  by a d m i n i s t r a t i v e  a r e a .  

4.5 I n t e g r a t i n q  S p a t i a l  D a t a  R e s u l t s  -- I n t o  L i n e  O p e r a t i o n s  

A c c u r a t e ,  t i m e l y ,  and  s y n o p t i c  d a t a  sets ,  d e r i v e d  f rom 

remote s e n s i n g  s o u r c e s  i n  t h i s  c a s e ,  s h o u l d  s e r v e  a s  v i t a l  i n f o r m a t i o n  

t o  h e l p  p o l i c y  p l a n n e r s  r e a c h  d e c i s i o n s  on  c o u r s e s  o f  a c t i o n .  

Examples  a r e  many. A dominant  o n e  i n  t r o p i c a l  c o u n t r i e s  i s  

measurement  o f  t h e  amount and  l o c a t i o n  o f  d e f o r e s t a t i o n .  Awareness  o f  

t h e  s p a t i a l  a s p e c t  o f  t h e  problem c a n  b e a r  o n  such  d e c i s i o n s  a s  



whether  o r  n o t  t o  p e n e t r a t e  a  g i v e n  a r e a  w i t h  a  new road ,  t o  b u i l d  a  

dam, t o  encourage  s e t t l e m e n t ,  or t o  impose r e s t r i c t i v e  l e g i s l a t i o n .  

I n  summation, t h e  c o l l e c t i o n  of  s p a t i a l  i n f o r m a t i o n  and i t s  

p r e s e n t a t i o n  i n  b o t h  map and t a b u l a r  form i n  a  form o f  v a l u e  t o  

d e c i s i o n  makers can  be g r e a t l y  f a c i l i t i a t e d  through t h e  u s e  of remote 

s e n s i n g .  Ground c o l l e c t i o n  of  d a t a ,  h a s  d i s a d v a n t a g e s  t h a t  makes it 

u n s u i t a b l e  t o  meet t h e  demands of managing such r e s o u r c e s  a s  t r o p i c a l  

f o r e s t s ,  whose s i t u a t i o n  h a s  t a k e n  on c r i s e s  p r o p o r t  i o n s .  Ground 

c o l l e c t i o n  i s  slow, c o s t l y  i n  t e r m s  of  l a b o r ,  and i s  o f t e n  i n a c c r u a t e  

a s  it must depend on t h e  v a g a r i e s  of  p e r s o n a l  o b s e r v a t i o n s .  Remote 

s e n s i n g  a s  a  d a t a  c o l l e c t i o n  and a n a l y s i s  tool  h a s  t h e  advantages  of  

t h e  s y n o p t i c  view from t h e  a tmosphere  ( i n  a i r c r a f t )  or beyond ( f rom 

s a t e l l i t e s ) .  Data g a t h e r i n g  can  be r a p i d  and,  i n  t h e  c a s e  of Landsat ,  

f r e q u e n t .  A n a l y s i s  and c l a s s i f i c a t i o n  means can be done w i t h  t h e  

a s s i s t a n c e  of computers and s o p h i s t i c a t e d  o p t i c a l  equipment.  F i n a l l y ,  

computer-aided means a r e  a v a i l a b l e  t o  c o n v e r t  t h e s e  s p a t i a l  d a t a  i n t o  

g e o g r a p h i c  based i n f o r m a t i o n  sys tems t h a t  have t h e  f l e x i b i l i t y  and 

power t o  be manipula ted  and i n t e g r a t e d  i n t o  t h e  b r o a d e s t  a s p e c t s  of 

r e s o u r c e  p lann ing .  



5.0 REMOTE SENSING IN TmILAM) 

T h i s  s e c t i o n  o f  t h e  r e p o r t  d e v e l o p s  an  overv iew o f  t h e  e n t i r e  

r e m o t e  s e n s i n g  p r o c e s s  i n  T h a i l a n d ,  f rom d a t a  a c q u i s i t i o n  t h r o u g h  t o  

t h e  u t i l i z a t i o n  o f  r e s o u r c e  i n f o r m a t i o n  by d e c i s i o n  makers .  I t  i s  

d i v i d e d  i n t o  s i x  p a r t s .  

1. Da ta  A c q u i s i t i o n  

2 .  Da ta  P r e p a r a t i o n  

3 .  User Awareness  

4. R e m o t e s e n s i n g  E d u c a t i o n  

5 .  Da ta  A n a l y s i s  a n d  t h e  User Community 

6. Summary and c o n c l u s i o n s  

The  d i s c u s s i o n  of t h e s e  s i x  areas i n  T h a i l a n d  i s  p u t  i n t o  t h e  

c o n t e x t  of t h e  i d e a l i z e d  sys t em a n d  process: d e s c r i b e d  i n  S e c t i o n  

4.0. By we igh ing  the  p r o g r e s s  T h a i l a n d  h a s  made i n  t h e  a r e a  of  remote 

s e n s i n g  a g a i n s t  t h i s  base l i n e  or i d e a l i z e d  sys t em,  t he  team w i l l  be 

a b l e  t o  draw f i n d i n g s  a n d  make r eco rnmnda t ions  a b o u t  t h e  f u t u r e  

d i r e c t i o n  o f ,  and  t he  role  o f  USAID a n d  o t h e r  donor  a g e n c i e s  i n ,  

remote s e n s i n g  i n  T h a i l a n d .  

T h a i l a n d ' s  N a t i o n a l  R e m o t e  S e n s i n g  Program i s  l o ca ted  i n  the  

N a t i o n a l  Resea rch  C o u n c i l  i n  t h e  M i n i s t r y  o f  S c i e n c e ,  Technology a n d  

Energy.  The P r o g r a n  c o n s i s t s  of s i x  d i v i s i o n s  i n c l u d i n g  g e n e r a l  

s e r v i c e s ,  r e s e a r c h  c o o r d i n a t i o n  a n a  fol low-up,  d a t a  a n a l y s i s ,  

t e c h n i c a l  and ma in tenance ,  u s e r  s e r v i c e s ,  and  t h e  ground r e c e i v i n g  

s t a t i o n .  The program i s  o v e r s e e n  by a  N a t i o n a l  R e m o t e  S e n s i n g  

C o o r d i n a t i n g  C o m m i t t e e  r e p r e s e n t i n g  a wide  r a n g e  o f  government 

d e p a r t m e n t s  a n d  o f  £ i c e s .  The committee h a s  s i x  subcommi t t ees  



c o v e r i n g  a  range  of o p e r a t i o n a l  and d i s c i p l i n e  o r i e n t e d  t o p i c s .  An 

o r g a n i z a t i o n a l  c h a r t  f o r  t h e  N a t i o n a l  Remote Sens ing  Program i n  

T h a i l a n d  i s  p r e s e n t e d  i n  Annex I .  

5 .1  Data A c q u i s i t i o n  

5 .1 .1  S a t e l l i t e  Data 

NRC h a s  c o l l e c t e d  a  s u b s t a n t i a l  a r c h i v e  of Landsat  

d a t a  c o v e r i n g  T h a i l a n d  from t h e  y e a r s  1972 - 1982. These  d a t a  have 

been o b t a i n e d  through t h e  EROS Data C e n t e r  and a r e  naw be ing  o b t a i n e d  

d i r e c t l y  from the s a t e l l i t e  a t  T h a i l a n d ' s  ground r e c e i v i n g  s t a t i o n .  

A f t e r  1979 t h e  d a t a  a r e  o n l y  i n t e r m i t t e n t l y  a v a i l a b l e  due t o  s e v e r a l  

t e c h n i c a l  problems. F i r s t ,  i n  1980,  and b e f o r e  t h e  Tha i  ground 

s t a t i o n  was o p e r a t i o n s ,  t h e  t a p e  r e c o r d e r s  on Landsa t s  2 and 3 became 

u n u s a b l e  and no d a t a  o v e r  T h a i l a n d  were  c o l l e c t e d .  Second, once  t h e  

ground s t a t i o n  was o p e r a t i o n a l ,  d a t a  were c o l l e c t e d  from Landsat  2  f o r  

o n l y  a  few months (between November 1981 and  February  1982)  b e f o r e  

Landsa t  2  was t e r m i n a t e d .  Landsat  3 developed a  " l i n e - s t o p "  problem 

which mars MSS d a t a ,  and h a s  now been t u r n e d  o f f  a s  w e l l .  No d a t a  a r e  

a v a i l a b l e  from Landsat  4 f o r  u s e r s  a s  y e t .  These problems have 

l i m i t e d  t h e  a v a i l a b i l i t y  o f  good q u a l i t y  d a t a  s i n c e  1979. 

The T h a i  r e c e i v i n g  s t a t i o n  i s  unab le  t o  r e c e i v e  

Landsat  Thematic  Mapper d a t a  which was supposed t o  b e  a v a i l a b l e  

beg inn ing  i n  t h e  mid 1 9 8 0 ' s .  Also, t h e  s t a t i o n  i s  n o t  c a p a b l e  of 

r e c e i v i n g  SPOT d a t a ,  expec ted  t o  become a v a i l a b l e  i n  1985. The 

c a p a b i l i t y  t o  r e c e i v e  t h e s e  new d a t a  r e q u i r e s  bo th  new hardware and 

s o f t w a r e  a s  bo th  Thematic Mapper and SPOT d a t a  a r e  t r a n s m i t t e d  on an  

X-band downlink and t h e  s t a t i o n  i s  c u r r e n t l y  equipped w i t h  o n l y  an  S- 

band downlink. The s o f t w a r e  problem a f f e c t s  t h e  a b i l i t y  of t h e  

s t a t i o n  t o  p r o c e s s  Landsat  4 M u l t i - S p e c t r a l  Scanner  (MSS) d a t a ,  a s  



well  a s  i t s  a b i l i t y  t o  process these  n w  types of data.  Software i s  

needed t o  enable t h e  s t a t i o n  t o  cor rec t  t h e  da ta  both geometrically 

and radiometr ica l ly  so t h a t  they can be formatted f o r  users.  Under a  

g ran t  from t h e  Canadian Government t he  software f o r  processing Landsat 

4 MSS d a t a  w i l l  be procured; however, t h i s  system upgrade w i l l  no t  

provide t h e  capab i l i t y  t o  process Thematic Mapper o r  SPOT data .  The 

spec i f i c a t i ons  fo r  t h i s  upgrade a r e  being wr i t t en  t o  allow fu tu r e  

upgrades i f  so  desired.  This matter is of some concern because t h e  

f u t u r e  of t h e  U.S s a t e l l i t e  program, and hence t h e  fu tu re  a v a i l a b i l i t y  

of t h e  MSS data ,  i s  unclear. 

Thailand is  a l so  ab l e  t o  acquire s a t e l l i t e  da ta  

from t h e  United S t a t e s  Earth Resources Observation System Data Center 

(EROS Data Center o r  EDC).  The EDC maintains a  complete archive of 

a l l  Landsat da ta  taken s ince  t h e  beginning of t he  program and any 

ava i l ab l e  h i s t o r i c a l  da ta  which a r e  des i red  can be bought from EROS, 

although t h e  p r i ce  of t h e  data  i s  increasing subs t an t i a l l y .  

In s u m ,  the  g r e a t e s t  problems fo r  t h e  acqu is i t ion  

of s a t e l l i t e  da ta  by the  ground receiving s t a t i o n  a r e  t h e  need t o  

upgrade t h e  s t a t i o n  t o  receive data  from fu tu r e  s a t e l l i t e s ,  and t h e  

f u t u r e  a v a i l a b i l i t y  of MSS data  from U S  s a t e l l i t e  systems. A t  t h e  

same time, t h e  cos t  of buying the  data  from EROS is  increasing so t h a t  

t h e  acqu is i t ion  of h i s t o r i c a l  data  from EROS is  becoming expensive. 

5.1.2 Aerial  Photoqraphy 

I t  i s  important a t  t h i s  juncture t o  note another 

key source of remote sensing data i n  Thailand: a e r i a l  photography. 

The Survey Department has 1: 50,000 s c a l e  maps and 

complete a i r  photo coverage of t h e  e n t i r e  country. The Survey 



Department h a s  two RC-10 cameras,  a n  RC-8,  and  t w o  Z e i s s  RMK 15/23  

cameras.  A i r c r a f t  f o r  f l y i n g  t h e  pho to  m i s s i o n s  c o n s i s t  o f :  t w o  Beech 

Queen A i r ,  o n e  King A i r  (c -90)  and one  Turbo Commander. A i r c r a f t  were 

o p e r a t e d  by t h e  Survey Department u n t i l  t h i s  y e a r ,  when t h e y  were a l l  

t r a n f e r r e d  t o  t h e  T h a i  A i r  Force ,  who now o p e r a t e s  them f o r  t h e  Survey 

Department .  I n  a d d i t i o n  t o  f l y i n g  black-and-white  p h o t o  m i s s i o n s ,  

t h e y  have  flown a  4-band m u l t i s p e c t r a l  camera, and w i l l  f l y  c o l o r  

photography t h i s  y e a r  f o r  t h e  f i r s t  t i m e .  

The Survey Department can  make 40 X 40 BW p r i n t s ,  

can  p r i n t  Landsa t  v i s u a l  images a t  1:250,000 s c a l e ,  and w i l l  be a b l e  

t o  p r i n t  30 X 30 i n c h  c o l o r  l a t e r  t h i s  y e a r .  They have  produced an 

" A t l a s  of  T h a i l a n d "  which c o n s i s t s  of a  series of  5 4  t h e m a t i c  maps, 

w i t h  abou t  45 now a v a i l a b l e .  These t h e m a t i c  maps cover  t h e  y e a r s  1 9 5 1  

- 1974 a t  s c a l e s  o f  1: 2,500,000 and 1: 4,000,000.  T h e  A t l a s  is  openly  

a v a i l a b l e  f o r  p u r c h a s e  a t  t h e  Survey Department a t  a  cost o f  about  $1  

p e r  s h e e t .  

5.2 Data P r e p a r a t i o n  - and Dissemina t ion  

The N a t i o n a l  Research C o u n c i l ' s  Remote S e n s i n g  Program i s  

r e s p o n s i b l e  f o r  t h e  d i s s e m i n a t i o n  of d a t a  t o  u s e r  a g e n c i e s  th roughou t  

T h a i l a n d  and S o u t h e a s t  A s i a .  Under an agreement  w i t h  t h e  n a t i o n a l  

Ocean ic  and Atmospheric  Adrr i in is t ra t ion  (NOAA -- which h a s  t a k e n  over  

o p e r a t i o n  of t h e  L a n d s a t  system from NASA), NOAA w i l l  n o t  p r o v i d e  

newly a c q u i r e d  d a t a  t o  u s e r s  w i t h i n  t h e  range  o f  T h a i l a n d ' s  r e c e i v i n g  

s t a t i o n .  T h a i l a n d ,  however, may have t o  "compete" w i t h  o t h e r  ground 

s t a t i o n s  i n  t h e  r e g i o n  ( t h o s e  of Bangladesh and J a p a n )  whose coverage  

o v e r l a p s  t h a t  of i t s  s t a t i o n .  

NRC i n i t i a l l y  p lanned t o  p r o v i d e  a  v a r i e t y  of  d a t a  t y p e s ,  



i n c l u d i n g :  

1. Black and  White Imagery 

2. Mosaic o f  E n t i r e  Country 

3. Diazochrome 

4. S l i d e  

5. CCT 

6. F i l m  P o s i t i v e  

Due to t e c h n i c a l  d i f f i c u l t i e s  and economic c o n s i d e r a t i o n s ,  

NRC is  now a b l e  t o  o f f e r  o n l y  tne f o l l o w i n g  p roduc t s :  

1. Black and White 

a. 9" p o s i t i v e  and n e g a t i v e  f i l m  @ 1: 1,000.00 
b. 9" p a p e r  a t  1: 1 ,000,000 
c. 20" p a p e r  @ 1:500,000 
d. 36" p a p e r  @ 1:250,000 

2. F a l s e  Color C o m p o s i t e s  

a. 9" p o s i t i v e  f i l m  and p a p e r  @ 1:1,000,000 
b. 20" paper @ 1:500,000 

3 . Computer Compat ib le  Tapes  



The p r e p a r a t i o n  o f  d a t a  by t h e  NRC f o r  d i s t r i b u t i o n  t o  u s e r s  

h a s  e n c o u n t e r e d  s e v e r a l  d i f f i c u l t i e s .  The equipment  which p r o d u c e s  

t h e s e  d a t a  f o r  users d o e s  n o t  seem t o  be working  t o  i t s  f u l l  

c a p a b i l i t y .  For  i n s t a n c e ,  u s e r s  r e p o r t  t h a t  f i l m  n e g a t i v e s ,  

d i a p o s i t i v e s  and  CCT's c a n  be d i f f i c u l t  t o  o b t a i n ,  and  t h a t  1 :250 ,000  

color p r i n t s  and  1 :250 ,000  d i a z o c h r o m e s  a r e  a l s o  n o t  r e a d i l y  a v a i l a b l e .  

The  d a t a  a r e  a l s o  n o t  a l w a y s  p r o d u c e d  i n  a t i m e l y  f a s h i o n .  Users h a v e  

w a i t e d  u p  t o  o n e  m n t h  t o  g e t  o l d e r  d a t a  and  g e t t i n g  newer d a t a  ( p o s t  

78-79)  seems t o  be v e r y  d i f f i c u l t .  The d i f f i c u l t y  i n  o b t a i n i n g  

newer  d a t a ,  p o s t  1979 ,  i s  d u e  i n  l a r g e  p a r t  t o  t h e  f a c t  t h a t  t h e  d a t a  

s i m p l y  d o  n o t  e x i s t  or a r e  mar red  by t h e  " l i n e - s t o p "  p rob lem t h a t  has 

p l a g u e d  L a n d s a t  3 .  T h i s  i s  n o t  a n  NRC problem and  i s  n o t  some th ing  

NRC c a n  remedy. A t  t h e  same t i m e ,  NRC l i k e  any o t h e r  u s e r ,  h a s  t o  

w a i t  f o r  d a t a  o b t a i n e d  from EROS who h a s  a l s o  f a c e d  many d e l a y s  i n  

r e s p o n d i n g  q u i c k l y  t o  d a t a  r e q u e s t s .  

The  s low t u r n a r o u n d  t i m e  i n  p r e p a r i n g  d a t a  p r o d u c t s  f o r  

u s e r s ,  however ,  a l s o  h a s  equipment  and  manpower components.  The d a t a  

p r e p a r a t i o n  f a c i l i t y  i s  d e p e n d e n t  i n  l a r g e  p a r t  upon t h e  O p t r o n i c s  

F i l m  W r i t e r  which i s  u s e d  t o  c r e a t e  f i l m  p r o d u c t s  o u t  o f  d i g i t a l  d a t a .  

Every  time a n  o r d e r  i s  p l a c e d  for a p a r t i c u l a r  L a n a s a t  s c e n e  f o r  which 

n o  p r e v i o u s  r e q u e s t  h a d  been made, NRC mus t  remount  t h e  d i g i t a l  t a p e  

and  u s e  t h e  O p t r o n i c s  t o  c r e a t e  a  f i l m  p r o d u c t .  Hence d a t a  which a r e  

o r d e r e d  o u t  o f  t h e  a r c h i v e s  c a n  t a k e  q u i t e  a  w h i l e  t o  p roduce .  

R e q u e s t s  f o r  d a t a  a l r e a d y  p r o c e s s e d  c a n  be t u r n e d  a r o u n d  i n  a much 

q u i c k e r  t i m e .  The above problems i n  f i l l i n g  o f  d a t a  o r d e r s ,  i f  

r e c t i f i e d ,  would r e s o l v e  many u s e r  c o m p l a i n t s .  

The O p t r o n i c s  is  r u n  manua l ly  and  is  s u b j e c t  t o  breakdown 



a n d  human error. A t  p r e s e n t ,  NRC O p t r o n i c s  equ ipmen t  c a n  p r o c e s s  

a b o u t  1 0  s c e n e s  a day  ( f o r t y  n e g a t i v e s  a s  e a c h  L a n d s a t  s c e n e  c o n t a i n s  

f o u r  s p e c t r a l  bands  a n d  c o n s i s t s  o f  f o u r  n e g a t i v e s ) .  T h i s  p a r t i c u l a r  

p i e c e  o f  equ ipmen t  seems t o  be a key  component o f  t h e  d a t a  p r o d u c t i o n  

b o t t l e n e c k  a t  N R C .  T h e r e  i s  also a  p rob lem i n  t h a t  NRC p e r s o n n e l  a r e  

r e l a t i v e l y  new t o  t h e  s a t e l l i t e  d a t a  p r o d u c t i o n  p r o c e s s .  The  q u a l i t y  

c o n t r o l  o f f i c e r  a t  NRC h a s  o f t e n  h a d  t o  re jec t  d a t a  p r o d u c t s  t o  

m a i n t a i n  q u a l i t y  d u r i n g  a  p e r i o d  i n  which  NRC p e r s o n n e l  are becoming 

f a m i l i a r  w i t h  t h e  p r o d u c t i o n  p r o c e s s .  T h i s ,  o f  c o u r s e ,  a d d s  t o  t h e  

b a c k l o g  a n d  slows down t h e  p a c e  o f  d e l i v e r y .  The  p rob lem o f  

i n e x p e r i e n c e  i s  b e i n g  s o l v e d  o v e r  t i m e .  

The  magn i tude  o f  t h e  p r o d u c t i o n  a n d  d i s t r i b u t i o n  p rob lem is 

i n d i c a t e d  by t h e  f a c t  t h a t  t h e r e  i s  c u r r e n t l y  a  b a c k l o g  o n  p r o c e s s i n g  

o r d e r s  of  a b o u t  300 s c e n e s .  The  NRC e s t i m a t e s  t h a t  a t  c u r r e n t  

o r d e r i n g  a n d  p r o d u c t i o n  rates  t h i s  b a c k l o g  c o u l d  be c l e a r e d  up  i n  a 

m a t t e r  o f  a  few months .  However, some u s e r s  h a v e  c o m p l a i n e d  t h a t  d a t a  

t a k e s  f rom t w o  months  t o  o v e r  a  y e a r  t o  g e t .  T h i s  c a u s e s  them t o  lose 

e n t h u s i a s m  a n d  d i s c o u r a g e s  them from u s i n g  L a n d s a t  d i g i t a l  d a t a  i n  any 

more than an experimental mode. 

Users h a v e  a lso been u n a b l e  t o  o b t a i n  c e r t a i n  color 

composites; k e e p i n g  p e r i s h a b l e  p h o t o g r a p h i c  p a p e r  t o  p r o d u c e  1 : 250,000  

scale color c o m p o s i t e s  o n  hand  f o r  a few p o s s i b l e  u s e r  o r d e r s  is  n o t  

e c o n o m i c a l l y  f e a s i b l e  f o r  NRC.  

Some o f  N R C ' s  p rob lems  would be a l l e v i a t e d  i f  u s e r s  were 

more s o p h i s t i c a t e d  i n  t h e i r  r e q u e s t s  f o r  d a t a .  They o f t e n  f a i l  t o  

s p e c i f y  p r e c i s e l y  t he  l o c a t i o n  o f  a r e a s  o f  i n t e r e s t ,  t i m e ,  a n d  d a t e .  

The  u s e r s  h a v e  also o f t e n  r e q u e s t e d  a l l  possible d a t a  f o r  a t e s t  area 



when o n e  or t w o  w e l l - s e l e c t e d  s c e n e s  would have  s u f f i c e d .  Asking  f o r  

a l l  t h e  d a t a  o f  a c e r t a i n  r e g i o n  f o r  a g i v e n  p e r i o d  o f  t i m e  i s  n o t  an  

a p p r o p r i a t e  way o f  o r d e r i n g  d a t a  -- a n d  h e r e  some u s e r  t r a i n i n g  and  

a w a r e n e s s  i s  e s s e n t i a l  t o  t h e  e f f e c t i v e  d a t a  p r o d u c t i o n  p r o c e s s .  

T h e r e  a r e  s e v e r a l  p o s s i b l e  s o l u t i o n s  t o  t h e  p r o c e s s i n g  o f  

d a t a  f o r  d i s t r i b u t i o n  a t  NRC. These  i n c l u d e  b u y i n g  a new laser w r i t e r  

which would cost i n  t h e  ne ighborhood  o f  $1 m i l l i o n .  A s e c o n d  s o l u t i o n  

would be t h e  p u r c h a s e  o f  a  s econd  O p t r o n i c s  F i l m w r i t e r  t o  back  up t h e  

c u r r e n t  s y s t e m  a n d  p e r h a p s  t o  be r u n  s i m u l t a n e o u s l y .  T h i s  would cost  

i n  t h e  ne ighborhood  of $250,000.  There is  a lso t h e  p o s s i b i l i t y  of  

r u n n i n g  d o u b l e  s h i f t s  on  t h e  c u r r e n t  O p t r o n i c s  ( t h i s  seems t o  be t h e  

c u r r e n t  p l a n )  b u t  t h i s  r e q u i r e s  a f a i r l y  c o m p l e t e  in-house  s e t  o f  

spare p a r t s .  A complete set  o f  s p a r e  p a r t s  c o u l d  cost f rom $25,000 t o  

$50,000.  

Whi le  any o f  t h e s e  s o l u t i o n s  would h e l p  s o l v e  t h e  d a t a  

p r o d u c t i o n  p rob lem,  a s t a f f i n g  problem remains .  NRC must  h a v e  a 

s u f f i c i e n t  number o f  q u a l i f i e d  p e r s o n n e l  t o  o p e r a t e  a n d  m a i n t a i n  i t s  

equipment .  However, t h e  pay scale which NRC mus t  u s e  i s  u n a t t r a c t i v e  

t o  t h e  s k i l l e d  t e c h n i c i a n s  a n d  e n g i n e e r s  needed .  I n  g e n e r a l ,  a 

u n i v e r s i t y  g r a d u a t e  b e g i n s  work a t  a pay o f  $ 1 0 0 / m n t h ,  a b o u t  25% o f  

what  he  would make working  i n  t h e  p r i v a t e  sector. Someone w i t h  a 

Ph.D. f rom o v e r s e a s  b e g i n s  a t  a s a l a r y  o f  a b o u t  $ 2 0 0 / m n t h .  

The  problems o f  d a t a  p r o d u c t i o n  and  d e l i v e r y  a t  NRC can  

t h e r e f o r e  be t raced t o  a number o f  f a c t o r s .  F i r s t ,  n o t  v e r y  much good 

q u a l i t y  da ta  have  been  a v a i l a b l e  s i n c e  1979.  Second,  t h e  d a t a  

p r e p a r a t i o n  p r o c e s s  a t  NRC h a s  been  s lowed by equipment  problems,  l a c k  

o f  e x p e r i e n c e d  p e r s o n n e l ,  and  e f f o r t s  to  m a i n t a i n  s t r i c t  q u a l i t y  

c o n t r o l .  I n  p a r t i c u l a r ,  t h e  O p t r o n i c s  F i l m  Writer seems t o  be 



c r e a t i n g  a  b o t t l e n e c k  t h a t  p roduces  a  b a c k l o g  o f  o r d e r s  l e a d i n g  t o  

d e l a y s  i n  f i l l i n g  u s e r  d a t a  o r d e r s .  Timely d e l i v e r y  o f  h i g h - q u a l i t y  

d a t a  is c r u c i a l  t o  t h e  s u c c e s s  of t h e  program. w i t h o u t  i t  t h e  

t r a n s f e r  o f  r e m o t e  s e n s i n g  t e c h n o l o g y  w i l l  n o t  t a k e  p l a c e  i n  a n  

e f f e c t i v e  manner. 

5.3 User Awareness  

User a w a r e n e s s  i s  a n o t h e r  key a r e a  i n  p r e p a r i n g  data f o r  

d i s s e m i n a t i o n .  An i n t r o d u c t o r y  c o u r s e  which f a m i l i a r i z e s  u s e r s  w i t h  

r emote  s e n s i n g  d a t a  i s  e s s e n t i a l .  T h i s  is  d i s c u s s e d  below.  

I n  an  e f f o r t  t o  f a c i l i t a t e  t h e  d i s s e m i n a t i o n  o f  d a t a ,  NRC 

h a s  s e t  up a manual ly  o p e r a t e d  browse f i l e  f o r  u s e r s  who want  t o  

examine  what d a t a  a r e  a v a i l a b l e  f o r  a p a r t i c u l a r  r e g i o n  o f  t h e  

c o u n t r y .  T h i s  look-up sys t em i s  now b e i n g  i n s t a l l e d  o n  a  word 

p r o c e s s i n g  s y s t e m  t o  a s s i s t  i n i t i a l  s e a r c h  e f f o r t s .  Once t h e  d a t a  

h a v e  been  i d e n t i f i e d ,  t h e  u s e r s  g o  t o  t h e  h a r d  copy " l i b r a r y "  and  

examine  n i n e - i n c h  b lack-and-whi te  p r i n t s  l o g g e d  i n  l o o s e  l e a f  n o t e -  

books.  T h i s  is a n  a c c e p t a b l e  sys t em f o r  e n a b l i n g  u s e r s  t o  d e t e r m i n e  

d a t a  a v a i l a b i l i t y  and  q u a l i t y .  

T h e  p r o v i s i o n  of data by NRC t o  its u s e r s  has s t e a d i l y  

i n c r e a s e d  d u r i n g  t h e  p e r i o d  1979-1982. I n  g e n e r a l ,  t h e  main u s e r s  

o f  d a t a  have  been T h a i  government a g e n c i e s .  U s e  h a s  i n c r e a s e d  f rom 

3 ,588  s c e n e s  i n  1974 t o  4 ,191  s c e n e s  i n  1980,  5 , 7 6 7  i n  1981 ,  and  3 ,470  

f o r  t h e  f i r s t  n i n e  months o f  1982.  The minimal  u s e  o f  L a n d s a t  d i g i t a l  

d a t a  i n  t h e  r e g i o n  is r e f l e c t e a  by t h e  low number o f  CCT s c e n e s  

o r d e r e d  f rom NRC ( 2 b  CCT s c e n e s  were d e l i v e r e d  i n  1979,  3 3  i n  1981,  

a n d  18 f o r  t h e  f i r s t  9  months of  1982.  The f o l l o w i n g  t a b l e s  p roduced  

f rom a n n u a l  r e p o r t s  o f  N R C  t o  t h e  D a t a  D i s t r i b u t i o n  Working Group 



M e e t i n g s  h e l d  b y  NASA s u m m a r i z e  t h e  u s e r s  a n d  t h e  t y p e  o f  d a t a  

ordered. A n o t h e r  t a o l e  o f  d a t a  t r a n s l a t e d  f r o m  a n  NRC A n n u a l  Report 

f o r  F Y  8 2  g i v e s  a  s l i g h t l y  d i f f e r e n t  p i c t u r e  o f  t h e  a m o u n t  o f  d a t a  

b e i n g  p r o v i d e d .  I t  s u g g e s t s  t h a t  d u r i n g  FY 8 2  1 0 , 6 5 2  s c e n e s  were 

p r o v i d e d  b y  NHC t o  u s e r s  ( i n c l u d i n g  t o  t h e  NRC i t s e l f ) .  O f  these,  

o v e r  96% w e r e  p r o v i d e d  t o  T h a i  g o v e r n m e n t  a g e n c i e s .  T h i s  t a b l e  is  

a l s o  r e p r o d u c e d  b e l o w .  



ANNUAL DISTRIBUTION O F  DATA 
DATA DISTRIBUTIObl WORKING GROUP 

B / W  PRINTS: 
9" 1002 

3x5" 0 
24" 910 
3b" 878 

B / w  Film: 
2.2" 

9 I1 

24" 

C o l o r  P r i n t s :  
9 

24" 
36" 

FCC Trans :  
9 : 620 

Mosaic: 

1:5 m i l l  54 
1 : 4  m i l l  3 
1 : 3  m i l l  0 
1:l m i l l  3 

Mosaic,  NE: 

1:2 m i l l  
1:l m i l l  
1 : 500K 

Color Pos Film: 

CCT : 28 33 

TOTAL : 3526 4688 

DATA D I S T R I B U T I O N  BY USERS 

Government 3588 
S t a t e  E n t e r p r i s e s  19  
I n t e r .  O r g a n i z a t i o n s  6 4  
P r i v a t e  S e c t o r  10  

TOTAL 



DATA SERVICE FOR FY 1982 

ORGANIZATION NUMBER OF - IMAGES 

O f f i c e  o f  t h e  Prime M i n i s t e r  
M i n i s t r y  of  Defense  
M i n i s t r y  of  A g r i c u l t u r e :  

Royal  I r r i g a t i o n  Department  
Royal  F o r e s t r y  Department 
Depar tment  o f  Land Development 
Depar tment  o f  A g r i c u l t u r e  
Depar tment  o f  Ag. E x t e n s i o n  
O f f i c e  of Ag. Economics 
O t h e r  

M i n i s t r y  of  Communication 
M i n i s t r y  o f  I n t e r i o r :  
M i n i s t r y  o f  S c i e n c e ,  Technology and  Energy  

N a t i o n a l  Resea rch  C o u n c i l  
N a t i o n a l  E n v i r o n m e n t a l  Board 
O t h e r  

M i n i s t r y  of  E d u c a t i o n  
M i n i s t r y  o f  I n d u s t r y  
O f f i c e  o f  U n i v e r s i t y  A f f a i r s  

Chu la longkorn  U n i v e r s i t y  
K a s e t s a r t  U n i v e r s i t y  
Ramkhamhaeng U n i v e r s i t y  
P r i n c e  of Songkhla  U n i v e r s i t y  
S r i n a k h a r i n w i r o t  U n i v e r s i t y  
O t h e r  

S t a t e  E n t e r p r i s e s  
I n t e r n a t i o n a l  O r g a n i z a t i o n s :  

AIT 
Mekong Cornmi t t e e  
Bang ladesh  Embassy 
FA0 
Other 

P r i v a t e  E n t e r p r i s e  

TOTAL 



5 . 4  Technology  U t i l i z a t i o n  

5 .4 .1  I n t r o d u c t i o n  t o  - R e m o t e  S e n s i n g  P r i n c i p l e s  

To i n c r e a s e  u s e r  a w a r e n e s s  and p r o v i d e  a n  

i n t r o d u c t i o n  t o  remote s e n s i n g  p r i n c i p l e s ,  NRC h a s  c o n d u c t e d  a n n u a l  

i n t r o d u c t o r y  and  computer  a n a l y s i s  t r a i n i n g  programs.  T h e s e  c o u r s e s  

f a m i l i a r i z e  t h e  t r a i n e e s  w i t h  t h e  u s e  o f  s a t e l l i t e  d a t a  f o r  r e s o u r c e s  

p l a n n i n g  and  management. The i n t r o d u c t o r y  c o u r s e  i s  a  good f i r s t  

e x p o s u r e  t o  remote s e n s i n g .  Annex I1 c o n t a i n s  a n  o u t l i n e  o f  c o u r s e  

t o p i c s .  The c o u r s e  h a s  b r o u g h t  remote s e n s i n g  t o  t h e  a t t e n t i o n  of  

many p o t e n t i a l  u s e r s  who have  t h e n  gone  on f o r  mre advanced  t r a i n i n g  

e 1s w h e r e .  

T h i s  t y p e  of  awareness  and  i n t r o d u c t i o n  t o  remote 

s e n s i n g  t e c h n i q u e s  i s  a  key  p a r t  o f  t h e  remote s e n s i n g  t e c h n o l o g y  

t r a n s f e r  p r o c e s s .  However, it s h o u l d  n o t  be c o n f u s e d  w i t h  t h e  i n -  

d e p t h  t r a i n i n g  and  r emote  s e n s i n g  e d u c a t i o n  which  is e s s e n t i a l  t o  

e f t e c t i v e  t r a n s f e r ,  u s e  and a n a l y s i s  o f  remote s e n s i n g  d a t a  by u s e r  

a g e n c i e s .  

5 .4 .2  T r a i n i n q  and  E d u c a t i o n  

T h e r e  a r e  a number o f  t r a i n i n g  a n d  e d u c a t i o n  

a c t i v i t i e s  g o i n g  on i n  T h a i l a n d .  I n  a d d i t i o n  t o  N R C ' s  c o u r s e s  t h e r e  

are: t h e  A s i a n  I n s t i t u t e  of T e c h n o l o g y ' s  A s i a n  R e g i o n a l  R e m o t e  

S e n s i n g  T r a i n i n g  C e n t e r  (ARRSTC) program: t h e  remote s e n s i n g  t r a i n i n g  

c o u r s e s  w i t h i n  t h e  Depar tment  o f  F o r e s t r y  a t  K a s e t s a r t  U n i v e r s i t y  

( u n d e r  D r .  S a t h i t )  ; s e v e r a l  c o u r s e s  i n  photogrammetry  and  remote 

s e n s i n g  a t  Chu la longkorn  U n i v e r s i t y  ( i n  t h e  Su rvey  E n g i n e e r i n g  

D e p a r t m e n t ) .  



The  ARKSTC t r a i n i n g  i s  a USAID-funded p r o j e c t  f o r  

p e o p l e  f rom ESCAP c o u n t r i e s  a n d  n o t  s o l e l y  f o r  t h e  remote s e n s i n g  

u s e r s  of  T h a i l a n d .  The  program i s  d e s i g n e d  t o  t r a i n  s t u d e n t s  i n  b o t h  

v i s u a l  i n t e r p r e t a t i o n  a n d  c o m p u t e r / d i g i t a l  a n a l y s i s  o f  remote s e n s i n g  

d a t a .  A t h o r o u g h  d e s c r i p t i o n  and  a n a l y s i s  o f  t h i s  p rogram i s  

c o n t a i n e d  i n  s e c t i o n  7 .0  o f  t h i s  s t u d y .  

T h e  c o u r s e s  o f f e r e d  a t  t h e  F a c u l t y  o f  F o r e s t r y  a t  

Kasetsart  U n i v e r s i t y  i n c l u d e  P r i n c i p l e s  o f  R e m o t e  S e n s i n g ,  P a s s i v e  

R e m o t e  S e n s i n g ,  A c t i v e  R e m o t e  S e n s i n g ,  Au toma t i c  A n a l y s i s  o f  R e m o t e  

S e n s i n g ,  a n a  Advanced R e m o t e  S e n s i n g .  While w e  were n o t  a b l e  t o  g e t  

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

seem t o  emphas i ze  t h e  v i s u a l  a n d  manual  i n t e r p r e t a t i o n  o f  a e r i a l  

p n o t o g r a p h s  a n d  s a t e l l i t e  d a t a .  T h e s e  c o u r s e s  t r a i n  f o r e s t e r s  i n  t h e  

u s e  o f  r e m o t e  s e n s i n g  t e c h n i q u e s ,  i n  c o n j u n c t i o n  w i t h  g r o u n d  t r u t h ,  

f o r  t h e  mapping o f  f o r e s t  l a n d s .  S t u d e n t s  coming o u t  o f  t h e s e  c o u r s e s  

d o  n o t  have  a c a p a b i l i t y  i n  c o m p u t e r / d i g i t a l  a n a l y s i s  o f  s a t e l l i t e  

imagery .  T h e  Depa r tmen t  o f  Su rvey  E n g i n e e r i n g  a t  C h u l a l o n g k o r n  

U n i v e r s i t y  o f f e r s  t h r e e  c o u r s e s :  o n e  c o u r s e  i n  a e r i a l  p h o t o -  

i n t e r p r e t a t i o n  p l u s  a b e g i n n i n g  a n d  a n  advanced  c o u r s e  i n  r e m o t e  

s e n s i n g .  

The t r a i n i n g  c o u r s e s  o f f e r e d  by t h e  NKC i n c l u d e  a 

four-week i n t r o d u c t i o n  t o  remote s e n s i n g  and  t h e  u s e  o f  s a t e l l i t e  d a t a  

f o r  r e s o u r c e s  a n a l y s i s  a n d  a s h o r t e r  two-week c o u r s e  which  is  a n  

i n t r o d u c t i o n  t o  c o m p u t e r / d i g i t a l  a n a l y s i s  o f  s a t e l l i t e  d a t a .  A s  

e v i d e n t  f rom t h e  o u t l i n e  o f  t h e  c o u r s e  p r o v i d e d  by NRC a n d  c o n t a i n e d  

i n  t h i s  r e p o r t ,  t h e  i n t r o d u c t o r y  c o u r s e  s e r v e s  a v a l u a b l e  a w a r e n e s s  

a n d  i n t r o d u c t o r y  f u n c t i o n .  However, most o f  t h e  i n d i v i d u a l s  who f o u n d  



t h e  c o u r s e  t o  be u s e f u l  were t h o s e  who were a l r e a d y  t r a i n e d  i n  t h e  

basic tools o f  p h o t o - i n t e r p r e t a t i o n  and  v i s u a l  a n a l y s i s  and  s a w  t h i s  

c o u r s e  as a n  i n t r o d u c t i o n  t o  a new d a t a  s o u r c e .  T h e s e  p e o p l e  were 

t h e n  a b l e  t o  u s e  t h e i r  t r a d i t i o n a l  map- read ing  a n d  map-making 

t e c h n i q u e s  o n  t h i s  new image ry .  Those w h o  came t o  t h e  c o u r s e  t o  l e a r n  

basic p h o t o - i n t e r p r e t a t i o n  t e c h n i q u e s  w e r e  less  able  t o  t r a n s f e r  t h e  

u s e  o f  s a t e l l i t e  imagery  t o  t h e i r  d e p a r t m e n t s .  T h i s  c o u r s e  seems t h e n  

t o  be v e r y  e f f e c t i v e  a t  i n t r o d u c i n g  t h o s e  who a r e  f a m i l i a r  w i t h  remote 

s e n s i n g  t e c h n i q u e s  t o  a new s o u r c e  o f  r e s o u r c e  i n f o r m a t i o n .  The  

c o u r s e  is  less  u s e f u l  as remote s e n s i n g  e d u c a t i o n .  

T h e  i n t r o d u c t i o n  t o  compu te r  a n a l y s i s  c o u r s e  

t a u g h t  a t  t h e  NRC i s  d e s i g n e d  t o  e x p o s e  u s e r s  t o  t h e  d i g i t a l  a n a l y s i s  

o f  t h i s  new i n f o r m a t i o n  s o u r c e .  On t h e  b a s i s  o f  o u r  i n t e r v i e w s  it was  

f o u n d  t h a t  t h e  compu te r  a n a l y s i s  c o u r s e  w a s  n o t  p a r t i c u l a r l y  u s e f u l  i n  

t r a n s f e r r i n g  t h e  t e c h n o l o g y  o f  c o m p u t e r  a n a l y s i s  t o  u s e r s .  T h i s  i s  

t r u e  f o r  s e v e r a l  r e a s o n s .  F i r s t ,  m o s t  of t h e  s t u d e n t s  are n o t  

s u f f i c i e n t l y  t r a i n e d  t o  l e a r n  t h i s  new a n a l y s i s  t e c h n i q u e .  Second ,  

t h i s  c o u r s e ,  l i k e  t h e  basic c o u r s e ,  s e r v e s  p r i m a r i l y  t o  i n t r o d u c e  t h e  

u s e r s  t o  a new t e c n n i q u e  a n d  n o t  t o  t r a i n  them t o  b e  a b l e  t o  u s e  t h i s  

t e c h n i q u e  i n  a n  o p e r a t i o n a l  f a s h i o n .  F i n a l l y ,  a n d  most c r i t i c a l l y  t o  

t he  o p e r a t i o n a l  u s e  o f  d i g i t a l / c o m p u t e r  a n a l y s i s ,  t h e r e  a r e  v e r y  

l i m i t e d  compu te r  f a c i l i t i e s  which are a v a i l a b l e  t o  t h e  u s e r s  o n c e  t h e  

c o u r s e  is  c o m p l e t e d .  T h i s  p r o b l e m  o f  a p p r o p r i a t e  d i g i t a l  a n a l y s i s  

f a c i l i t i e s  w i l l  be d i s c u s s e d  i n  d e t a i l  i n  the  s e c t i o n  be low on  d a t a  

a n a l y s  is. 



5 .5  Data a n a l y s i s  a n d  t h e  User Community --- 

The key t o  t h e  s u c c e s s f u l  a p p l i c a t i o n  o f  r emote  s e n s i n g  d a t a  

i s  i t s  t r a n s f o r m a t i o n  i n t o  r e s o u r c e  i n f o r m a t i o n  and  i t s  s u b s e q u e n t  u s e  

by r e s o u r c e  rnanagers and  u s e r  a g e n c i e s .  The team i n t e r v i e w e d  many 

u s e r s  o n  t h e  e x t e n t  t o  which t h e y  a r e  a p p l y i n g  t h e  t e c h n o l o g y .  

5 .5 .1  Royal F o r e s t r y  Depar tment  

The  Royal  F o r e s t r y  Depar tment ,  F o r e s t  Mapping a n d  

R e m o t e  S e n s i n g  S u b d i v i s i o n  i s  a ma jo r  u s e r  o f  L a n d s a t  d a t a  and 

p r o v i d e s  a n  example where  t h e s e  d a t a  a n d  t h e i r  a n a l y s i s  l e d  d i r e c t l y  

t o  a n  i n c r e a s e d  awareness  o f  a  s e v e r e  r e s o u r c e  problem and  prompted  a  

p o l i c y  change  i n  t h e  T h a i  Government.  

T h e r e  a r e  36 p e o p l e  i n  t h e  r emote  s e n s i n g  sub-  

d i v i s i o n .  Twenty of t h e s e  a r e  i n v o l v e d  d i r e c t l y  i n  remote s e n s i n g ,  

t e n  work w i t h  a e r i a l  pho tog raphy  a n d  t e n  w i t h  s a t e l l i t e  d a t a .  T h e s e  

f o r e s t e r s  have  r e c e i v e d  t r a i n i n g  i n  t h e  U.S., Canada, a t  I T C  i n  t h e  

N e t h e r l a n d s ,  a n d  a l s o  a t  NRC and  AIT. I t  i s  u s e f u l  t o  n o t e  t h a t  t h e y  

a r e  f o r e s t e r s  f i r s t  -- who have  p i c k e d  up remote s e n s i n g  d a t a  a n a l y s i s  

a s  a  too l .  

The s u b d i v i s i o n  h a s  a  s t r o n g  c a p a b i l i t y  i n  v i s u a l  

a n d  manual  i n t e r p r e t a t i o n  of  a e r i a l  pho tog raphy  and  s a t e l l i t e  imagery ,  

d e v e l o p e d  tklrough t h e  t r a i n i n g  s o u r c e s  n o t e d  above .  They a r e  hop ing  

t h a t  t h e  AIT c o u r s e  w i l l  s t r e n g t h e n  t h e i r  c a p a b i l i t i e s  i n  computer  

a n a l y s i s .  

The F o r e s t r y  b e p a r t m e n t ' s  u s e  o f  L a n d s a t  d a t a  i s  

l i m i t e d ,  however,  by t h e  e x t e n t  t o  which t h e s e  d a t a  a r e  made a v a i l a b l e  

-- it t a k e s  anyrwhere frorn 2 - 5  months  f o r  t h e  d e p a r t m e n t  t o  g e t  

L a n d s a t  d a t a  and  up t o  two y e a r s  t o  g e t  new a e r i a l  photography  f l i g h t  

l i n e s  f lown.  T h e i r  u s e  of s a t e l l i t e  imagery is  a l s o  l i m i t e d  by t h e i r  



a n a l y s i s  c a p a b i l i t i e s .  A t  p r e s e n t ,  t h e  Department  r e l i e s  on v i s u a l  

i n t e r p r e t a t i o n  o f  s a t e l l i t e  d a t a  a s  t h e y  c a n  do  it q u i c k l y  and  a r e  

a b l e  t o  produce  someth ing  which is r e c o g n i z a b l e  and  a c c e p t e d  by t h e  

m i n i s t e r s .  T h e i r  equipment  c o n s i s t s  p r i m a r i l y  o f  s i m p l e  l i g h t  t a b l e s ,  

mirror s t e r e o s c o p e s ,  a n a  a  few r e f l e c t i n g  p r o j e c t o r s .  They would l i k e  

t o  add a  c o l o r  a d d i t i v e  v i ewer ,  s t e r e o  mic roscopes  a n d  a  Z o o m  T r a n s f e r  

Scope .  

They u n d e r s t a n d  t h a t  more d e t a i l e d  i n f o r m a t i o n  i s  

a v a i l a b l e  th rough  d i g i t a l  a n a l y s i s ,  b u t  a t  t h i s  p o i n t  p r e f e r  t o  u s e  

t h e  computer  f o r  r e s e a r c h  work r a t h e r  t h a n  f o r  o p e r a t i o n a l  a n a l y s i s .  

T h i s  i s  a key s t e p  i n  t h e  techr lo logy  t r a n s f e r  p r o c e s s  a s  t h i s  s o r t  of  

e x p e r i m e n t a l  u s e  i s  t h e  o n l y  way t o  i n t r o d u c e  computer  a n a l y s i s  i n t o  a  

s t a n d i n g  r e s o u r c e  i n f o r m a t i o n  o p e r a t i o n .  

The Royal F o r e s t r y  Department  h a s  made a  good d e a l  

of  u s e  o f  L a n d s a t  i n  i t s  o p e r a t i o n a l  m i s s i o n .  They u s e  L a n d s a t  d a t a  

i n  t h e i r  t h r e e  p r imary  t a s k s :  m o n i t o r i n g  d e f o r e s t a t i o n ;  l o c a t i n g  

p o s s i b l e  a r e a s  f o r  r e f o r e s t a t i o n ;  a n d  f o r  f o r e s t  p r o t e c t i o n .  

The  Department  h a s  compi l ed  d a t a  on  t h e  s t a t u s  o f  

d e f o r e s t a t i o n  na t lor lwide  as  of 1 9 7 3 ,  1976 ,  1979 a n d  1982. T h i s  was 

a c h i e v e d  a l m o s t  e n t i r e l y  u s i n g  L a n d s a t  v i s u a l  images ( s c a l e  1 :250,000) 

supp lemen ted  by some p h o t o  i n t e r p r e t a t i o n  and  f i e l d  s p o t  c h e c k s ;  

d i f f i c u l t y  i s  e x p e r i e n c e d  i n  g e t t i n g  t i m e l y  a i r  p h o t o s .  

I n  August ,  1981 ,  t h e  P r i m e  M i n i s t e r ' s  O f f i c e  

r e q u e s t e d  a  r e p o r t  on t h e  s t a t u s  o f  f o r e s t  l a n d s  and  d e f o r e s t a t i o n  

t h r o u g h o u t  T h a i l a n d .  The F o r e s t  Depar tment  p r e p a r e d  t h i s  r e p o r t  u s i n g  

L a n d s a t  d a t a .  S i n c e  t h e n ,  t h e  P r i m e  M i n i s t e r  h a s  r e q u i r e d  r e p o r t s  

e v e r y  t h r e e  months on t h e  problem of  d e f o r e s t a t i o n  i n  d i f f e r e n t  p a r t s  



o f  t h e  c o u n t r y .  The  P r i m e  M i n i s t e r ' s  s t a f f  t h e n  makes recommendat ions  

t o  t he  M i n i s t r y  o f  A g r i c u l t u r e  and  C o o p e r a t i v e s  r e g a r d i n g  p l a n n e d  

a g r i c u l t u r a l  deve lopmen t  p r o j e c t s  d e s i g n e d  t o  keep  p e o p l e  o u t  o f  

" f o r e s t "  l a n d s  a n d  d i r e c t  them i n t o  a r e a s  a l r e a d y  " d e f o r e s t e d . "  

L a n d s a t  d a t a  a r e  a l s o  u s e d  to  select  p r i o r i t y  

a r e a s  f o r  r e f o r e s t a t i o n .  The S i l v i c u l t u r e  D i v i s i o n  i s  r e s p o n s i b l e  f o r  

r e p l a n t i n g .  They h a v e  o v e r  1 0 0  n u r s e r i e s  i n  T h a i l a n d  ( m o s t l y  i n  

t e a k ) .  Each y e a r ,  5 0 0 , 0 0 0  r a i  a r e  r e p l a n t e d .  I n  1981, t h e r e  w e r e  
2 

3 , 8 7 5  Krn i n  new f o r e s t  p l a n t a t i o n s .  The f o l l o w i n g  t ab le  shows t h e  

t i i n i n g  o f  t h e  f i r s t  u s e  o f  L a n d s a t  i n  1 9 7 3  a n d  t h e  f i r s t  f u l l  s t u d y  

which  was p r o d u c e d  i n  1977 .  I t  a p p e a r s  t h a t  L a n d s a t  d a t a  e n a b l e d  t h e  

F o r e s t r y  Depa r tmen t  t o  i l l u s t r a t e  d r a m a t i c a l l y  t h e  d e f o r e s t a t i o n  

problem: a  p o l i c y  t o  i n c r e a s e  r e f o r e s t a t i o n  was implemented .  

I n  a n o t h e r  area t h e  F i r e  C o n t r o l  D i v i s i o n  of  t h e  

F o r e s t  Depa r tmen t  p l a n s  t o  u s e  L a n d s a t  d a t a  t o  m o n i t o r  a r e a s  o f  

s h i f t i n g  c u l t i v a t i o n .  Most f o r e s t  f i r e s  i n  T h a i l a n d  r e s u l t  f rom 

s lash-and-burn  c l e a r i n g .  The F i r e  C o n t r o l  D i v i s i o n  i s  u s i n g  L a n d s a t  

d a t a  t o  i d e n t i f y  a r e a s  o f  p o t e n t i a l  s p r e a d  o f  s l a sh -and -bu rn .  T h e  

D i v i s i o n  i n t e n d s  t o  p a t r o l  t h e s e  a r e a s  by h e l i c o p t e r .  While 

h e l i c o p t e r s  have  b e e n  u s e d  f o r  the  l a s t  4  - 5  y e a r s  f o r  o b s e r v a t i o n  o f  

i l l e g a l  c u t t i n g ,  u s e  o f  L a n d s a t  d a t a  t o  p l a n  t h e i r  o b s e r v a t i o n  p a t h s  

w i l l  be new. 

The  d e f o r e s t a t i o n  prob lem i n  T h a i l a n d  i s  s e v e r e .  

Each y e a r  an  a v e r a g e  o f  4 , 6 5 0  s q .  km. o f  f o r e s t  l a n d  i s  c u t  o v e r  w h i l e  

o n l y  800  s q .  km. are r e f o r e s t e d  f o r  a  n e t  loss o f  o v e r  3 , 8 0 0  s q .  k m .  

e a c h  y e a r .  A t  t h i s  r a t e  o f  d e f o r e s t a t i o n ,  a l l  t h e  p r e s e n t  f o r e s t  

c o v e r  o f  1 6 5 , 0 0 0  s q .  km. w i l l  b e  gone  by t h e  y e a r  2026.  



F i r s t  Landsat S a t e l l i t e  Map 
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P i r a t  Landsat Data Indicat ing Widespread * 
Extent of Deforestat ion Problem 

R-te Senaing Program S t u t e d  in  
Thailand 

Time i n  Y e u s  



The F o r e s t  Department h a s  done a good job  of  u s i n g  

Landsa t  d a t a  f o r  m o n i t o r i n g  and h i g h l i g h t i n g  t h e  problem and  

i n t e g r a t i n g  it i n t o  dec is ion-making p r o c e s s e s .  T h e i r  a n a l y s i s  

c a p a b i l i t y  would b e  g r e a t l y  enhanced i f  t h e y  were a b l e  t o  u t i l i z e  

c o m p u t e r / d i g i t a l  a n a l y s i s .  

5.5.2 F a c u l t y  - o f  F o r e s t r y ,  K a s e t s a r t  U n i v e r s i t y  

The F a c u l t y  of F o r e s t r y  a t  K a s e t s a r t  U n i v e r s i t y  is  

c u r r e n t l y  i n v o l v e d  i n  a  p r o j e c t  r e l a t e d  t o  t h e  mapping of  T h a i l a n d ' s  

f o r e s t s  and wa te r sheds  i n  c o n j u n c t i o n  w i t h  t h e  Royal T h a i  Survey 

Department and t h e  Royal  T h a i  F o r e s t r y  Department. T h i s  p r o j e c t  w i l l  

u t i l i z e  L a n d s a t  v i s u a l  imagery i n  c o n j u n c t i o n  w i t h  a e r i a l  photography 

and ground t r u t h .  

The  F a c u l t y  h a s  s t r o n g  c a p a b i l i t i e s  i n  v i s u a l  

i n t e r p r e t a t i o n  of  remote  s e n s i n g  imagery. They are w e l l  grounded i n  

p h o t o - i n t e r p r e t a t i o n  and  c a r t o g r a p h i c  t e c h n i q u e s .  They can  do  image 

a n a l y s i s  on an 1 2 s  c o l o r  a d d i t i v e  viewer b u t  Landsat  d a t a  s u i t a b l e  f o r  

t h i s  v iewer  are n o t  c u r r e n t l y  a v a i l a b l e .  They do  n o t  have  

c o m p u t e r / d i g i t a l  a n a l y s i s  c a p a b i l i t y .  

The Remote Sensing Lab a t  t h e  Faculty conta ins  t h e  

f o l l o w i n g  equipment:  

1 2 s  C o l o r  A d d i t i v e  Viewer w i t h  p r o j e c t i o n  s c r e e n  
Zoom T r a n s f e r  Scope, Vert ical  
E l e c t r o n i c  Pneumonics P l a n i m e t e r  
R e f l e c t i n g  p r o j e c t o r  
S t e r e o s c o p e s  
Diazo 
F i v e  Ske tchmas te r s  
S t e r e o  P l o t t e r  
L i g h t  T a b l e s  
B a s i c  C a r t o g r a p h i c  Equipment 



The development  of  t h i s  c a p a b i l i t y  rests l a r g e l y  

w i t h  t h e  F a c u l t y  of  F o r e s t r y  s t a f f  and p a r t i c u l a r l y  D r .  S a t h i t .  T h i s  

depar tmen t  o f f e r s  s e v e r a l  c o u r s e s  i n  remote s e n s i n g  ( d e s c r i b e d  b r i e f l y  

above)  and  what  amounts t o  a remote s e n s i n g  minor w i t h i n  a g r a d u a t e  

program l e a d i n g  t o  a MS i n  f o r e s t r y  and w a t e r s h e d  management. Some o f  

t h e s e  s t u d e n t s  have also t a k e n  t h e  NRC t r a i n i n g  c o u r s e s .  I f  budge t  

allows, t h e  F a c u l t y  would l i k e  t o  send  s e v e r a l  o f  i t s  s t u d e n t s  t o  

ARRSTC f o r  c o m p u t e r / d i g i t a l  a n a l y s i s  t r a i n i n g .  

The F a c u l t y  h a s  p a r t i c i p a t e d  i n  s e v e r a l  s t u d i e s  

u s i n g  d i g i t a l  a n a l y s i s .  One s t u d y ,  e n t i t l e d  " F o r e s t  Land Assessment  

o f  Khob Kaen and Mahasarakat  P r o v i n c e s "  showed t h e  u s e  o f  L a n d s a t  i n  

d e m o n s t r a t i n g  the  d e f o r e s t a t i o n  problem i n  N o r t h e a s t  T h a i l a n d .  

However, t h e  F a c u l t y  f e e l s  t h a t  w i t h o u t  a d i g i t a l  a n a l y s i s  f a c i l i t y  a t  

t h e  U n i v e r s i t y  t o  e x t r a c t  t h e  maximum i n f o r m a t i o n  possible from 

L a n d s a t  d a t a ,  t e c h n o l o g y  t r a n s f e r  h a s  been s lowed.  T h i s  c a p a b i l i t y  is  

n o t  a v a i l a b l e  from NRC a s  t h e  image a n a l y s i s  sys tems  t h e r e  a r e  n o t  

a v a i l a b l e  most of  t h e  t i m e .  

A t  Kasetsart U n i v e r s i t y  t h e r e  are many p o t e n t i a l  

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

F o r e s t r y  and Watershed Management, A g r i c u l t u r e ,  Geology, S o i l s  

S c i e n c e ,  Geography, C i v i l  E n g i n e e r i n g ,  I r r i g a t i o n ,  F i s h e r i e s  and 

A g r i c u l t u r a l  Economics. O f  t h e s e  t h e  F o r e s t r y  Department is c u r r e n t l y  

t h e  most s o p h i s t i c a t e d  u s e r .  

T h e  team also t a l k e d  t o  t h e  F a c u l t y  of A g r i c u l t u r e  

who have  u s e d  L a n d s a t  t o  s t u d y  t h e  impact  o f  mining on  mangrove 

r e s o u r c e s  and t o  a i d  i n  so i ls  mapping i n  T h a i l a n d ' s  s o u t h e a s t  coast. 

These  s t u d i e s  were funded by NRC. T h i s  f a c u l t y  e x p e r i e n c e d  n o  problem 



g e t t i n g  d a t a  from NRC ( t h e y  ordered pre-1979 d a t a )  b u t  had  n o t  done  

any d i g i t a l  a n a l y s i s .  I n  r m s t  c a s e s  where  NRC funds  r e s e a r c h  work 

u t i l i z i n g  computer  a n a l y s i s ,  t h e y  s e n d  t h e  r e s e a r c h e r s  t o  

Chu la longkorn  U n i v e r s i t y  t o  u s e  t h e  IBM 370/145.  The computer  c e n t e r  

a t  Chu la longkorn  a p p e a r s  to  be w i l l i n g  t o  c o o p e r a t e  w i t h  RTG agency  

u s e r s .  They see s u p p o r t  of  L a n d s a t  d i g i t a l  p r o c e s s i n g  as a u s e f u l  and  

p r o d u c t i v e  a c t i v i t y .  I n  sum, n o  p r o d u c t i o n  computer  a n a l y s i s  

c a p a b i l i t y  e x i s t s  a t  K a s e t s a r t  and  h e n c e  a key i n g r e d i e n t  f o r  

e f f e c t i v e  t r a i n i n g  i n  and  u s e  of L a n d s a t  d a t a  i s  m i s s i n g .  

5.5.3 O f f i c e  - o f  A g r i c u l t u r a l  Economics 

The O f f i c e  o f  A g r i c u l t u r a l  Economics i s  a  minor 

u s e r ,  a t  p r e s e n t ,  of  s a t e l l i t e  remote s e n s i n g  d a t a .  However, t h e y  a r e  

u s i n g  L a n d s a t  d a t a  i n  t h e  d e s i g n  o f  t h e i r  c u r r e n t  A r e a  Frame Sampling 

Program. I n  t h i s  program, L a n d s a t  d a t a  w i l l  be u s e d  t o  s h a r p e n  t h e  

s t r a t i f i e d  sample .  T h i s  sampl ing  b a s e  w i l l  be a  c o n s i d e r a b l e  

improvement o v e r  t h a t  d e r i v e d  p r e v i o u s l y  f rom ou t -o f  - d a t e  a e r i a l  

p h o t o g r a p h s .   he l a s t  count ry-wide  a e r i a l  p h o t o  c o v e r a g e  i s  n e a r l y  

t e n  y e a r s  o l d . )  

NRC seems t o  have  p l a y e d  a s m a l l  role i n  t h e  

t r a i n i n g  and  development  of remote s e n s i n g  c a p a b i l i t i e s  a t  t h e  OAE. 

T h e r e  a r e  t w o  members of  t h e  R e m o t e  S e n s i n g  S e c t i o n  c u r r e n t l y  

r e c e i v i n g  t r a i n i n g  -- o n e  a t  AIT i n  computer  a p p l i c a t i o n s  ( n o t  a t  t h e  

ARRSTC) a n d  o n e  a t  Kasetsart U n i v e r s i t y  i n  a g r i c u l t u r a l  economics.  

One s t a f f  member h a s  t a k e n  t h e  AIT remote s e n s i n g  t r a i n i n g  c o u r s e  b u t  

s h e  i s  n o t  p e r f o r m i n g  any d i g i t a l  a n a l y s i s .  

The OAE d o e s  have  a computer  a n a l y s i s  f a c i l i t y .  

T h i s  c o n s i s t s  o f  an  u n t e s t e d  v e r s i o n  of  RECOG-X o n  t h e i r  Univac  

computer .  T h i s  program s h o u l d  be an e f f e c t i v e  a n a l y s i s  tool. They 



have produced a  very good research study en t i t l ed  "Area Sampling Frame 

Construction and Applications of Remote Sensing For Rice." This study 

compared the accuracy of d i g i t a l  c lass i f ica t ion  and visual  

interpretat ion of Landsat imagery and data for the  delineation and 

measurement of paddy f i e lds  i n  Ayudthya. The study concluded t h a t  

computer analysis produced a  more d iscre te  c lass i f ica t ion  than was 

possible with visual  Landsat means; aggregated t o t a l s  ( t h e  m r e  

d iscre te  computer c lass i f ica t ion  classes had t o  be grouped in to  the 

more general classes derived from a e r i a l  photo in te rpre ta t ion) .  I t  

also made some general conclusions about the  use of s a t e l l i t e  remote 

sensing for crop forecasting: 

1. Rice f ie lds  may be too small t o  be picked up by Landsat 

2 .  Cloud cover prevents data acquisition 

3. Some errors i n  c lass i f ica t ion  are  caused by the mismatch 

between r i c e  f i e l d  boundaries and the edges of pixels. 

4. Data are  not available quickly enough to  enable the use of 

s a t e l l i t e  data t o  monitor crop growth. 

While they a re  not currently u s i n g  Landsat i n  any 

operational sense, t h e i r  use of s a t e l l i t e  data w i l l  l ikely increase as 

data from Landsat 4  becomes available. 

The RTG has made a  strong commitment t o  the 

development of an area sampling frame program for collecting 

agr icul tural  data. The RTG uses the  data produced by the OAE t o  make 

policy decisions regarding agr icul tural  prices and exports, and other 

agr icul tural  policy decisions. To the extent tha t  Landsat data are  

used t o  improve the data and s t a t i s t i c a l  system of the  OAE, and t o  the 

extent that  the data and information of the OAE a re  used by RTG 

decision makers, Landsat data w i l l  support policy formulation. 



I t  is  i m p o r t a n t  t o  n o t e  t h a t  t h e  u s e  of  s a t e l l i t e s  

t o  h e l p  p r e d i c t  c r o p  p r o d u c t i o n  and c r o p  y i e l d  p roduced  t h e  o r i g i n a l  

impe tus  and j u s t i f i c a t i o n  f o r  much of  t h e  d e v e l o p i n g  w o r l d ' s  

( i n c l u d i n g  T h a i l a n d )  a d o p t i o n  of  L a n d s a t  t echno logy .  U n f o r t u n a t e l y ,  

t h e  a p p l i c a t i o n  of  s a t e l l i t e  d a t a  t o  c r o p  f o r e c a s t i n g  h a s  been 

p r o b l e m a t i c ,  and h a s  n o t  l i v e d  u p  t o  t h e  e x p e c t a t i o n s  g e n e r a t e d  a t  t h e  

o u t s e t  o f  t h e  L a n d s a t  program. 

E a r l y  on  i n  T h a i l a n d ' s  Landsa t  program a  s t u d y  

p o i n t e d  o u t  t h e  d i f f i c u l t i e s  of u s i n g  L a n d s a t  t o  f o r e c a s t  c r o p  

a c r e a g e  (see Hi ldebrend ,  1 9 7 9 ) .  T h i s  s t u d y  seems t o  have  been 

l a r g e l y  i g n o r e d  i n  t h e  remote s e n s i n g  p r o j e c t  p a p e r s  p r e p a r e d  s i n c e  

t h e  beg inn ing  of t h e  program i n  T h a i l a n d .  T h i s  s t u d y ,  and o t h e r s  s u c h  

a s  t h e  o n e  done by t h e  OAE, have p o i n t e d  o u t  t h a t  t h e  c r o p  f i e l d s  are 

o f t e n  too s m a l l  t o  be p i c k e d  u p  w i t h  L a n d s a t  d a t a ,  and  t h a t  

i n t e r c r o p p i n g  and m u l t i p l e  c r o p p i n g  practices make it d i f f i c u l t  t o  u s e  

s a t e l l i t e  d a t a  f o r  f o r e c a s t i n g .  F i n a l l y ,  t h e  problem is  p a r t i c u l a r l y  

pronounced i n  t r o p i c a l  c o u n t r i e s  where c l o u d  c o v e r  d u r i n g  the  r a i n y  

s e a s o n  makes i t  n e a r l y  impossible t o  collect d a t a  f o r  c r i t i c a l  p e r i o d s  

d u r i n g  t h e  growing season .  

S t i l l  a n o t h e r  d i f f i c u l t y  w i t h  u s i n g  Landsa t  d a t a  

t o  p r e d i c t  c r o p  p r o d u c t i o n  i s  t h e  f a c t  t h a t  Landsa t ,  even i f  it c o u l d  

b e  u s e d  t o  d e t e r m i n e  c r o p  area (number o f  acres i n  c u l t i v a t i o n  o f  a 

c e r t a i n  t y p e  o f  c r o p )  canno t  p roduce  d a t a  on y i e l d  p e r  acre. Crop 

y i e l d  m d e l s  r e q u i r e  e x t e n s i v e  ground t r u t h ,  d a t a  on  wea the r  

c o n d i t i o n s  as w e l l  as f e r t i l i z e r s  used ,  and  g e n e r a l  c r o p  c o n d i t i o n  and 

agronomic i n f o r m a t i o n .  Crop y i e l d  m d e l s  are n o t  e a s i l y  developed and 

any u s e  o f  Landsa t  d a t a  t o  h e l p  i n  crop f o r e c a s t i n g  must t a k e  i n t o  



account  t h e  need  f o r  r e s e a r c h  i n t o  c r o p  y i e l d  mode l l ing  a s  w e l l  a s  

p r o j e c t i o n s  o f  a c r e a g e  under  p r o d u c t i o n .  

I t  is e s s e n t i a l ,  however, t o  remember t h a t  f u t u r e  

s a t e l l i t e  d a t a  a r e  l i k e l y  t o  b e  an  i m p o r t a n t  s o u r c e  of d a t a  f o r  c r o p  

f o r e c a s t i n g  e f t o r t s .  I n  t h e  n e a r  f u t u r e  s a t e l l i t e s  g a t h e r i n g  d a t a  a t  

f i n e r  r e s o l u t i o n  l e v e l s  t h a n  a t  p r e s e n t  w i l l  become a v a i l a b l e  

p e r m i t t i n g  t h e  d i f f i c u l t y  o f  p i c k i n g  up s m a l l  f i e l d s  t o  be overcome. 

S a t e l l i t e  c a r r i e d  r a a a r  s e n s o r s  w i l l  overcome t h e  problem of  c l o u d  

c o v e r  ( r a d a r  p e n e t r a t e s  c l o u d  c o v e r ) .  F i n a l l y ,  a s  computer  a n a l y s i s  

t e c h n i q u e s  are a d o p t e d ,  s a t e l l i t e  d a t a  w i l l  become mre i n t e n s i v e l y  

u t i l i z e d .  The development  o f  d i g i t a l  a n a l y s i s  c a p a b i l i t y  w i l l  be 

e s s e n t i a l  f o r  t h e  s u c c e s s f u l  u s e  o f  s a t e l l i t e  d a t a  f o r  c r o p  

f o r e c a s t i n g  i n  t h e  f u t u r e ,  and f o r  t h e  r e a l i z a t i o n  of t h e  major 

p o t e n t i a l  of  t h e  L a n d s a t  program. 



5.5.4 Department of  - A g r i c u l t u r e  - -- S o i l s  Sc i ence  

Div i s ion  

The S o i l  Sc ience  Div i s ion  of  t h e  Department of 

A g r i c u l t u r e  began us ing  Landsat  d a t a  i n  1973. The S o i l  and Water 

Reserch Branch o r d e r s  about  150 black-and-white Lands a t  p r i n t s  pe r  

y e a r  a t  a  s c a l e  of 1:250,000 and s i x t y  t o  s even th  Diazo c o l o r  

composites a t  a  s c a l e  of 1:100,000. The Div i s ion  h a s  s t r o n g  

c a p a b i l i t y  i n  t h e  v i s u a l  and manual i n t e r p r e t a t i o n  of remote s ens ing  

imagery. They have t h r e e  people  working i n  remote s ens ing  w i t h  

backgrounds i n  s o i l  survey.  I n  add i t i on ,  e i g h t  t o  t e n  MS degree  

t h e s e s  have been w r i t t e n  which apply remote s e n s i n g  t o  s o i l s  survey 

a n a l y s i s  i n  Tha i land;  m o s t  of t h e s e  have been done a t  Mahidol 

Un ive r s i t y .  

The D i v i s i o n ' s  f i r s t  remote s ens ing  p r o j e c t ,  

s t a r t e d  i n  1976, mapped rubber  growing a r e a s  i n  Tha i l and  on two t e s t  

s i t e s .  Th i s  p r o j e c t  demonstrated t h e  a b i l i t y  t o  map "o ld  rubber ,  

young rubber,  f i e l d  c rops ,  t r o p i c a l  f o r e s t , "  and s i m i l a r  items a t  

1:250,000 s c a l e .  A f t e r  f e a s i b i l i t y  was demonstrated,  t h e  Rubber 

Research I n s t i t u t e  and t h e  EEC provided f i n a n c i a l  support t o  map 

rubber-producing a r e a s  throughout Thai land.  The d i g i t a l  a n a l y s i s  i n  

t h i s  p r o j e c t  was performed a t  A I T ,  b e f o r e  t h e  ARRSTC p r o j e c t  g o t  

underway. These d a t a  a r e  n w  used t o  h e l p  p r e d i c t  rubber  p roduc t ion  

i n  Thai land.  Indones ia  and Malaysia a r e  s a i d  t o  have adopted t h i s  

s m e  t echnique .  

The second p r o j e c t  w a s  t o  map s o i l  mois ture  and 

s o i l  c l a s s e s  i n  t h e  C e n t r a l  P l a i n  a r ea .  These d a t a  a r e  used p r i m a r i l y  

f o r  p lanning  cropping systems. A g r i c u l t u r a l  Extension S e r v i c e  



p e r s o n n e l  have  a lso used  t h e s e  d a t a  t o  a d v i s e  f a r m e r s  r e g a r d i n g  where 

a n d  when t o  p l a n t .  However, t h e  u s e  o f  t h e s e  d a t a  i s  - n o t  w i d e s p r e a d  

i n  t h e  E x t e n s i o n  S e r v i c e  as o n l y  p e o p l e  who have  a t t e n d e d  t h e  

A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e  t r a i n i n g  program ( a b o u t  10 - 15  p e o p l e )  

have  a c t u a l l y  u s e d  t h e  data. Hopefu l ly ,  t h e r e  w i l l  b e  f u t u r e  t r a i n i n g  

t o  e d u c a t e  more E x t e n s i o n  S e r v i c e  p e r s o n n e l  i n  t h i s  t e c h n i q u e .  

A t h i r d  p r o j e c t  e v a l u a t e d  so i l  e r o s i o n  problems i n  

T h a i l a n d  n e a r  t h e  Pi tsanuloke-Lomask Highway and  i n  t h e  Phumipol  D a m  

r e g i o n .  T h i s  p r o j e c t ,  comple ted  i n  1982, i d e n t i f i e d  s e v e r a l  areas o f  

class I V  ( " v e r y  s e v e r e " )  e r o s i o n .  Some o f  t h e s e  a r e a s  have  los t  t e n  

t o n s  p e r  r a i  o f  t o p s o i l  p e r  y e a r ,  or o v e r  20 c m  o f  s o i l  o n  s t e e p  

s l o p e s .  T h i s  s i t u a t i o n  h a s  been b rough t  t o  t h e  a t t e n t i o n  o f  s e v e r a l  

a g e n c i e s  ( ~ o r e s t r y ,  Land Development, etc. ) .  One r e s u l t  o f  t h i s  

a c t i v i t y  is a b i l l  now b e f o r e  P a r l i a m e n t  t o  p r o h i b i t  a g r i c u l t u r e  on  

s t e e p  slopes ( g r e a t e r  t h a n  4 5 % ) .  

The S o i l s  S c i e n c e  D i v i s i o n  would l i k e  t o  p e r f o r m  

more d i g i t a l  a n a l y s i s  of  L a n d s a t  d a t a  b u t  does  n o t  h a v e  a f a c i l i t y .  

When t h e  A I T  computer  was " f r e e  of  c h a r g e , "  it w a s  u s e d  r e g u l a r l y .  

Now, however, when it costs 2,000 Baht  p e r  hour  o f  computing time, t h e  

D i v i s i o n  c a n  no l o n g e r  a f f o r d  t o  u s e  it. I n t e r e s t i n g l y ,  while many 

u s e r s  seem t o  t h i n k  o b t a i n i n g  budgeted  funds  t o  buy L a n d s a t  v i s u a l  

p r o d u c t s  w i l l  be f a i r l y  e a s y ,  t h e y  f e e l  t h a t  g e t t i n g  money f o r  

computer  time would be d i f f i c u l t .  A wor thwhi le  t a s k  would b e  

examining t h e  cos t -e f  f  e c t i v e n e s s  o f  pe r fo rming  d i g i t a l  a n a l y s i s .  The 

c o s t  of  o n e  h o u r  o f  CPU time may seem t o  b e  a lo t  b u t  much c a n  b e  

accompl i shed  i n  tha t  hour .  



5.5.5 Department o f  - M i n e r a l  Resources ,  G e o l o g i c a l  Survey 

D i v i s i o n  

T h e  G e o l o g i c a l  Survey D i v i s i o n  h a s  u s e d  L a n d s a t  

d a t a  t o  h e l p  p roduce  g e o l o g i c a l  and  l ineament  maps. They have  found 

t h a t  s a t e l l i t e  d a t a  are better t h a n  a e r i a l  pho tography  f o r  d e t e c t i n g  

c i r c u l a r  f e a t u r e s  and  l a r g e  s t r u c t u r a l  p a t t e r n s .  They b e l i e v e  t h a t  

t h e y  have  made s o m e  m i n e r a l  d i s c o v e r i e s  a l o n g  f r a c t u r e  p a t t e r n s  

d i s c o v e r e d  u s i n g  Landsa t ,  i n c l u d i n g  o n e  major f o l i t e  d i s c o v e r y  i n  

Western T h a i l a n d .  They i n t e n d  t o  u s e  L a n d s a t  d a t a  i n  t h e  f u t u r e  b u t  

t h e y  have  h a d  t r o u b l e  o b t a i n i n g  t h e  d a t a  i n  a t i m e l y  f a s h i o n .  

T h e  D i v i s i o n  h a s  s t r o n g  p h o t o - g e o l o g i c  

i n t e r p r e t a t i o n  capabi l i t ies  f o r  a n a l y z i n g  remote s e n s i n g  d a t a .  They 

are  s c h o o l e d  p r i m a r i l y  i n  v i sua l /manua l ,  u s i n g  s t e r o s c o p e s ,  a stereo 

microscope ,  and  a color a d d i t i v e  viewer.  The p r imary  mode u s e d  i n  t h e  

i n t e r p r e t a t i o n  o f  Landsa t  i s  v i s u a l  a n a l y s i s  u s i n g  a  s i m p l e  magnify ing  

g l a s s .  The D i v i s i o n  h a s  s e n t  a l l  t e n  o f  i t s  g e o l o g i s t s  t o  t h e  NRC 

i n t r o d u c t o r y  c o u r s e  and s e v e r a l  t o  A I T .  The D i v i s i o n  h a s  r e c e n t l y  

found  it d i f f i c u l t  t o  o b t a i n  d a t a  of good q u a l i t y  and  i n  a t i m e l y  

fashion. 

Excep t  f o r  a few examples o f  d a t a  u s e d  t o  map 

g e o l o g i c  f e a t u r e s  a n d  l i n e a m e n t s ,  the  d i v i s i o n  h a s  n o t  i n t e g r a t e d  t h e  

u s e  of L a n d s a t  d a t a  i n t o  t h e i r  p l a n n i n g  and a n a l y s i s .  I n  f a c t ,  m o s t  

o f  the i r  imagery is from 1972 a n d  1973. They have  s e v e r a l  upcoming 

p r o j e c t s  f o r  which s a t e l l i t e  d a t a  would be u s e d  i f  t h e y  were  r e a d i l y  

a v a i l a b l e .  These  i n c l u d e  a s t u d y  of  t h e  impact  o f  t i n - d r e d g i n g  on  

T h a i l a n d ' s  coast and a s t u d y  on  underground water i n  t h e  N o r t h e a s t .  

I n  t h e  l a t t e r  p r o j e c t  t h e y  b e l i e v e  t h a t  L a n d s a t  c o u l d  be used  



e f f e c t i v e l y  i n  conjunc t ion  with  a e r i a l  photography and ground t r u t h .  

5.5.6 Royal I r r i g a t i o n  Department, Hydroloqy Div is ion  

The Hydrology Div is ion  uses  Landsat  i n  t h r e e  major 

a r e a s .  These inc lude  measuring t h e  a r e a  of f looded  lands ,  r e s e r v o i r s ,  

and sed imenta t ion  i n  r e s e r v o i r s .  

The Div is ion  has  s e n t  s e v e r a l  of i t s  people  t o  t h e  

NRC cou r se s  and b e l i e v e s  t h a t  they  a r e  u s e f u l  f o r  f a m i l i a r i z a t i o n .  

C u r r e n t l y  two members of t h e  s t a f f  a r e  t r a i n i n g  a t  A I T .  Upon 

completion of t h e  course ,  they w i l l  b e  i n  a  p o s i t i o n  t o  employ d i g i t a l  

a n a l y s i s  i n  depar tmental  s t u d i e s .  When they  complete t r a i n i n g  they  

w i l l  t r y  t o  use  t h e  I B M  a t  Chulalongkorn U n i v e r s i t y  i n s t e a d  of t h e  

computer a t  A I T  which they  cons ider  t o o  expensive.  The computer 

f a c i l i t i e s  a t  NRC a r e  n o t  being cons idered  a s  t hey  a r e  n e i t h e r  

i n t ended  f o r  u se r s  f o r  product ion d a t a  a n a l y s i s  nor  are they  

s o p h i s t i c a t e d  enough f o r  i n t e n s i v e  work. A key problem i n  t h i s  a r e a  

i s  t h e  f a c t  t h a t  t h e r e  is  no ha rd  copy f a c i l i t y  a t  NRC f o r  producing 

paper  cop ie s  of d i g i t a l  c l a s s i f i c a t i o n s .  T h i s  makes it n e a r l y  

imposs ib le  f o r  u s e r s  t o  i n t e g r a t e  d i g i t a l  a n a l y s i s  i n t o  s p a t i a l  

in format ion  systems. 

The Hydrology Div is ion  h a s  a  s p e c i a l  problem wi th  

t h e  use of compu te r /d ig i t a l  a n a l y s i s  p e r t a i n i n g  t o  i t s  p a r t i c u l a r  

s u b j e c t  a r ea .  T h e  r e s e r v o i r s  they need t o  map a r e  of such i r r e g u l a r  

shape  t h a t  us ing computer c l a s s i f i c a t i o n  t o  o b t a i n  a r e a  estimates 

encounte rs  a  boundary f i t  problem. Another problem i s  the  f a c t  t h a t  

very l i t t l e  s a t e l l i t e  imagery can c u r r e n t l y  be c o l l e c t e d  f o r  f l o o d  

moni tor ing  due t o  t h e  f r equen t  and heavy c loud cover i n  t h e  r a i n y  

season.  



5.5.7 Land Development Department, -- Land Use Planning 

Sec t ion  

The Land-Use Planning S e c t i o n  i s  a  s t r o n g  use r  of 

Landsat  d a t a  and imagery. They have performed d i g i t a l  a n a l y s i s  i n  an 

exper imenta l  mode t o  a t tempt  de te rmina t ion  of how d i g i t a l  a n a l y s i s  

compares t o  t r a d i t i o n a l  v i s u a l  a n a l y s i s  of a e r i a l  photography. They 

a r e  a l s o  us ing visual /manual  i n t e r p r e t a t i o n  of Landsat d a t a  i n  an 

o p e r a t i o n a l  m a e  t o  make 1:500,000 r econa i s sance  l e v e l  land-use maps. 

The Div i s ion  h a s  exper ienced l i t t l e  t r o u b l e  

g e t t i n g  Landsat  d a t a  from NRC. They do have a  f a i r l y  complete s e t  of 

Landsat  d a t a  d a t i n g  from 1972 and have black-and-white p r i n t s  up 

through 1982. These NRC-supplied p r i n t s ,  of f a i r l y  good q u a l i t y ,  a r e  

be ing  used f o r  v i s u a l  a n a l y s i s .  The Department h a s  had m r e  t r o u b l e  

g e t t i n g  r e c e n t  a e r i a l  photography. There i s  a  one t o  two y e a r  de lay  

i n  r e q u e s t i n g  new f l i g h t  l i n e s ,  flown by t h e  Royal Tha i  Survey. 

T h i s  is  important  because e f f e c t i v e  v i s u a l  a n a l y s i s  of Landsat  imagery 

i s  made more d i f f i c u l t  wi thout  t h e  suppor t  of a e r i a l  photography. 

T h e  P l a n n i n g  S e c t i o n  d o e s  most of  i t s  own t r a i n i n g  

a s  t h e r e  i s  no l and -use / so i l s  mapping program a t  any of t h e  

u n i v e r s i t i e s .  They h i r e  people  who know t h e  d i s c i p l i n e  and then t r a i n  

them a t  t h e  Land-Use Div is ion  i n  p h o t o - i n t e r p r e t a t i o n  and v i s u a l  

a n a l y s i s .  Five  of t h e  people  i n  t h i s  d i v i s i o n  have gone t o  t h e  NRC 

b a s i c  t r a i n i n g  course .  Two people  have gone t o  AIT f o r  t r a i n i n g ,  one 

o f  whom h a s  s t u d i e d  a t  L A R S / P U ~ ~ U ~  f o r  two years .  Computer a n a l y s i s  

t r a i n i n g  was deemed t o  be q u i t e  u s e f u l ;  t h e  cou r se  they  a t t ended  a t  

AIT ( t h e  f i r s t  one t a u g h t )  devoted an i n s u f f i c i e n t  amount of time 



devoted t o  t h e  s u b j e c t .  ( s e e  S e c t i o n  7 .0 ) .  The Department expressed  

a n  i n t e r e s t  i n  conducting m r e  d i g i t a l  a n a l y s i s  of Landsat  da t a .  The 

computer-aided a n a l y s i s  t r a i n i n g  o f f e r e d  by A I T  would c o n s t i t u t e  a  

s t r o n g  p l u s  i n  t h i s  a r e a  i f  t h e  Department had acces s  t o  a  f a c i l i t y  a t  

which t o  perform produc t ion  d i g i t a l  a n a l y s i s .  For i n s t a n c e ,  t h e  

D iv i s ion  used t h e  computer f a c i l i t y  a t  A I T  ( b e f o r e  t h e  ARRSTC program 

began)  t o  develop a  lana-use map us ing  Landsat  imagery. A s u p e r v i s e d  

c l a s s i f i c a t i o n  was done us ing  t h e  RECOG-X program. The r e s u l t s  showed 

t h a t  d i g i t a l  c l a s s i f i c a t i o n  of Landsat  images produces a  map w i t h  m r e  

d i s c r e t e  c l a s s e s  t han  a  map made us ing  v i s u a l  a n a l y s i s  of a e r i a l  

photography. 

Another s t udy ,  u s ing  t h e  computer f a c i l i t y  a t  

Chulalongkorn Un ive r s i t y ,  compared l and  a r e a  measured u s ing  

t r a d i t i o n a l  a i r  p h o t o - i n t e r p r e t a t i o n  means t o  d i g i t a l  a n a l y s i s  of  

Landsat  da t a .  The promising r e s u l t s  of t h i s  p r o j e c t  sugges t  t h a t  

s a t e l l i t e  d a t a  can be  used e f f e c t i v e l y  t o  develop land-use maps. 

I n  gene ra l ,  Landsat  d a t a  used reconnaisance l e v e l  

mapping a t  a  s c a l e  of  1:500,000, h a s  been i n t e g r a t e d  i n t o  t h e  

in format ion  flow a t  t h e  Land Development Department. For dec i s ion -  

makers t h e s e  d a t a  a r e  t o o  c o a r s e  t o  a l low t h e  d e t a i l e d  i n t e r p r e t a t i o n  

t h a t  is  needed f o r  l and  u s e  p lann ing .  The Land-Use S e c t i o n  b e l i e v e s  

t h a t  d i g i t a l  a n a l y s i s  could  be  used t o  produce in format ion  more 

d i r e c t l y  r e l e v a n t  t o  decision-makers. 

5.5.8 Nat iona l  Environmental  Board 

The Na t iona l  Environmental  Board i s  a  p o t e n t i a l  

u s e r  of s a t e l l i t e  da t a ,  b u t  h a s  a l s o  expressed  d i f f i c u l t i e s  g e t t i n g  

d a t a  from NRC. The Environmental  R e m o t e  Sensing S e c t i o n  now h a s  

f i f t e e n  degreed p r o f e s s i o n a l s ,  most of  whom a r e  geographers.  A l l  have 



been  t o  t h e  NRC t r a i n i n g  c o u r s e  a n d  found it a u s e f u l  i n t r o d u c t i o n .  

One s t a f f  member is  c u r r e n t l y  t r a i n i n g  a t  A I T .  They have  an  I S 1  VP-8 

image a n a l y z e r  a n d  a  Z o o m  T r a n s f e r  Scope. They are now working o n  

s e v e r a l  p r o j e c t s  f o r  which t h e y  would u s e  Landsa t  d a t a  i f  it w e r e  

r e a d i l y  a v a i l a b l e .  

One o f  these projects, n e a r  Phuket  i n  s o u t h w e s t e r n  

T h a i l a n d ,  i s  s t u d y i n g  the  e f f e c t s  o f  s e d i m e n t a t i o n  from t i n  mining on  

a resort beach nea rby .  The a n a l y s i s  p r o j e c t ,  s t a r t e d  t h r e e  y e a r s  ago, 

must  be comple ted  w i t h i n  o n e  more y e a r .  They have  done e x t e n s i v e  

f i e l d  (water) sampl ing  and  a n a l y s i s .  S a t e l l i t e  d a t a  i f  a v a i l a b l e  

would be ex t remely  u s e f u l  f o r  t h e  a n a l y s i s ,  and  might  have a t a n g i b l e  

impact upon the  d e c i s i o n s  made r e g a r d i n g  t h i s  problem. 

The second  project, i n  t h e  Nam Choen dam area, 

examines t h e  e n v i r o n m e n t a l  impact  o f  dams on f o r e s t  areas. There i s  

some d i sagreement  a b o u t  whether the  r e s e r v o i r  area i s  s t i l l  c o v e r e d  

w i t h  v i r g i n  f o r e s t  or whether it h a s  been c u t  o v e r  and r u i n e d ,  and  

t h e r e f o r e  whether the  dam w i l l  f u r t h e r  d e s t r o y  t h e  f o r e s t .  

Photography i n  t h i s  a r e a  i s  a b o u t  t w o  y e a r s  old. They h a v e  some 

s a t e l l i t e  data but they are about one year old.  Current information 

i s  r e q u i r e d .  S a t e l l i t e  data would be p a r t i c u l a r l y  u s e f u l  i n  t h i s  

project, i f  u s e d  i n  c o n j u n c t i o n  w i t h  a e r i a l  photography,  as t h e y  

c a n n o t  g e t  t o  t h e  f i e l d  si tes on  t h e  ground due  t o  " t e r r o r i s t s "  i n  t he  

area. 

Urban s p r a w l  i s  a major  problem, and the  

m o n i t o r i n g  of  it a round  Bangkok is  a n  i m p o r t a n t  p o t e n t i a l  a p p l i c a t i o n  

o f  s a t e l l i t e  imagery. A t  p r e s e n t ,  s a t e l l i t e  d a t a  do  n o t  have  enough 

r e s o l u t i o n  t o  be u s e d  e f f e c t i v e l y  t o  moni to r  t h i s  problem. D i g i t a l  



a n a l y s i s  of s a t e l l i t e  imagery, however, h a s  been demons t ra ted  

e l s ewhe re  t o  b e  e f f e c t i v e .  E s p e c i a l l y  u s e f u l  would be  Thematic Mapper 

( w i t h  i ts  30m r e s o l u t i o n )  o r  SPOT d a t a  ( w i t h  i t s  10m and 20m 

r e s o l u t u i o n )  . 
The Board is  aware t h a t  d i g i t a l  a n a l y s i s  of 

s a t e l l i t e  d a t a  would be  u s e f u l .  However, t h e y  have n o t  y e t  been 

i nvo lved  i n  any d i g i t a l  a n a l y s i s  of Landsat  d a t a  because  of  t h e  

i n a c c e s s i b i l i t y  of computer f a c i l i t i e s .  They a r e  c o n s i d e r i n g  

pu rchas ing  a d i g i t a l  a n a l y s i s  system of t h e i r  own ( e s t i m a t e d  c o s t  

$2OO,UUU). 

5.5.9 Na t i ona l  S t a t i s t i c a l  O f f i c e  

The N a t i o n a l  S t a t i s t i c a l  Of £ i c e  is n o t  a c u r r e n t  

u s e r  of s a t e l l i t e  remote s e n s i n g  d a t a ,  a l t hough  t hey  d i d  u s e  t h e  d a t a  

t o  h e l p  set  up the  census  a r e a  frame sampling program. T h i s  o f f i c e  

h a s  s e n t  some of i t s  peop le  t o  t h e  NRC t r a i n i n g  cou r se ,  p r i m a r i l y  f o r  

f  a r n i l i a r i z a t i o n  ana  a p p r e c i a t i o n  and f e l t  t h a t  t h e  c o u r s e s  s e r v e d  t h a t  

f u n c t i o n  very  w e l l .  

5.5.10 S h e l l  Company o f  - Tha i l and ,  L td .  - 
S h e l l  became a  major buyer  o f  Landsa t  data from 

NRC i n  1982. They bought s i x t e e n  C C T ' s  and n e g a t i v e  f i l m  p roduc t s  t o  

a i d  i n  t h e i r  e x p l o r a t i o n  f o r  t i n  i n  Tha i l and .  They f e e l  t h a t  t h e  cost 

o f  t h e s e  d a t a  i s  very s m a l l  compared t o  o v e r a l l  e x p l o r a t i o n  costs. 

They w i l l  want t o  g e t  TM and/or  SPOT data a s  soon as it is a v a i l a b l e  

because  w h i l e  t hey  can g e t  aer ial  pho tos  of some a r e a s ,  it is  

d i f f i c u l t  i n  o t h e r s .  

S h e l l  h a s  n o t  u t i l i z e d  t h e  t r a i n i n g  c o u r s e s  a t  NRC 

o r  AIT a l though  t hey  would be i n t e r e s t e d  i n  u t i l i z i n g  t h e  u s e r  

a s s i s t a n c e  c e n t e r  a t  NKC.  



S h e l l  i s  n o t  l i k e l y  t o  buy much mre d a t a  from NRC 

i n  t h e  n e a r  f u t u r e  because  t h e y  w e r e  able t o  g e t  r e l a t i v e l y  c loud  f r e e  

coverage  by buying t h e  1 6  CCT1s. They have  s e n t  t h e  t a p e s  and f i l m  

p r o a u c t s  t o  The Hague f o r  p r e p a r a t i o n  o f  f u r t h e r  d a t a  p r o d u c t s  which 

w i l l  t h e n  be  u s e d  f o r  s t r u c t u r a l  a n a l y s i s .  I f  t h e  d a t a  p r o v e s  u s e f u l  

t h e y  w i l l  be i n t e g r a t e d  w i t h  t h e  i n f o r m a t i o n  g l e a n e d  from f i e l d  crews 

a n d  whatever  a e r i a l  photography can  be o b t a i n e d .  

5.5.11 Mekonq Committee 

The Mekong Committee col lects  and a n a l y z e s  d a t a ,  

s e e k s  fund ing  from donor  c o u n t r i e s ,  and  manages p r o j e c t s  w i t h i n  t h e  

Mekong b a s i n .  The s t a f f  i s  c u r r e n t l y  t r y i n g  t o  a s semble  Landsa t  d a t a  

f o r  T h a i l a n d ,  Laos, Cambodia and Vietnam. They have some photography,  

b u t  ae r i a l  photography i s  d i f f i c u l t  t o  g e t  i n  some a r e a s .  They have  

conduc ted  v i s u a l  a n a l y s i s  of L a n d s a t  d a t a ,  and p l a n  t o  do d i g i t a l  

a n a l y s i s .  T h e i r  p h y s i c a l  area of  i n t e r e s t  i s  l a r g e ,  and  t h e y  u s e  

L a n d s a t  as an  a l t e r n a t i v e  t o  a e r i a l  pho tos .  The Committee h a s  

p u r c h a s e d  abou t  1 , 0 0 0  Landsa t  images s i n c e  1972,  o r  a b o u t  50 s c e n e s  

p e r  y e a r .  

They have  j u s t  completed  a  r e c o n n a i s s a n c e - l e v e l  

"dam s i t e  s e l e c t i o n "  s t u d y  i n  Laos.  Using L a n d s a t  d a t a ,  a  c o n s u l t i n g  

g e o l o g i s t  from Hong Kong was able, i n  o n l y  t e n  days  of  s t u d y ,  t o  

i d e n t i f y  a r e a s  w i t h  p o t e n t i a l l y  h i g h  c o n s t r u c t  i o n  problems. The s t a f f  

would l i k e  t o  do more d i g i t a l  a n a l y s i s  b u t  h a s  had  t r o u b l e  f i n d i n g  a 

s u i t a b l e  f a c i l i t y .  They have n o t  u s e d  N R C ' s  a n a l y s i s  sys tem b e c a u s e  

t h e y  were a d v i s e d  t h a t  t h e r e  would be a long  w a i t .  They a r e  p r e s e n t l y  

p l a n n i n g  t o  p u r c h a s e  a  "Vax 11730" computer  sys tem,  b u t  abou t  $150,000 

( i n c l u d i n g  some main tenance) .  



5.5.12 USAID P r o j e c t s  Usinq Remote Sens inq  Data - 
Two USAID p r o j e c t s  have made u s e  of Landsat  d a t a .  

I n  t h e  c a s e  of t h e  Lam Nam Oon i r r i g a t i o n  p r o j e c t ,  a  member of t h e  

r e s i d e n t  eng inee r ing  s t a f f  i s  a t t e n d i n g  t h e  c u r r e n t  NRC c o u r s e  t o  

l e a r n  had t o  r e a d  t h e  imagery. Although t h i s  p r o j e c t  i s  sma l l  

compared w i t h  t h e  s c a l e  of Thai  i r r i g a t i o n  works i n  t h e  C e n t r a l  P l a i n ,  

it h a s  a t t r a c t e d  a t t e n t i o n  among policy-makers i n  Bangkok because  of  

i t s  Nor theas t  l o c a t i o n  and i t s  d i s a p p o i n t i n g  r eco rd  i n  terms of a c t u a l  

a r e a  i r r i g a t e d  and c u l t i v a t e d  by farmers  du r ing  t h e  dry season  f o r  t h e  

p a s t  s e v e r a l  yea r s .  The q u e s t i o n  of how much l a n d  was a c t u a l l y  be ing  

c u l t i v a t e d  was h o t l y  deba ted  each yea r ,  w i th  widely  d i f f e r i n g  "eye- 

b a l l "  e s t i m a t e s  made by d i f f e r e n t  p r o j e c t  pe r sonne l  and A I D  a d v i s o r s ,  

g i v i n g  d i f f e r e n t  impress ions  a s  t o  p rog re s s  be ing  made i n  achievement 

o f  p r o j e c t  o b j e c t i v e s .  R e m o t e  Sensing d a t a  shou ld  h e l p  p r o j e c t  s t a f f  

s e t t l e  t h i s  q u e s t i o n  and l o c a t e  t h e  p r e c i s e  a r e a s  of sp r ead  of 

c u l t i v a t i o n .  

I n  ano the r  p r o j e c t ,  Nor theas t  Rainfed A g r i c u l t u r e  

Development, de s igned  t o  h e l p  develop mixed farming s o l u t i o n s  t o  t h e  

problems of  a g r i c u l t u r e  p roduc t i on  i n  t h e  l a r g e l y  r a i n  dependent  

Nor theas t ,  t h e  c o n t r a c t o r ,  t h e  U n i v e r s i t y  of Kentucky, is a t t e m p t i n g  

t o  u se  Landsat  imagery. The p r o j e c t  w i l l  be working i n  about  100 

v i l a g e s  w i t h  a  p o p u l a t i o n  of about  9,700 farm f a m i l i e s .  

I n  bo th  of  t h e s e  c a s e s ,  t h e  a p p l i c a t i o n  of  remote 

s e n s i n g  d a t a  t o  problem-solving a t  t h e  l e v e l  of modest s i z e d  p r o j e c t s  

r e p r e s e n t s  examples of how t h e  technology can be used a t  t h e  a c t i v i t y  

l e v e l  t o  b e n e f i t  s p e c i f i c  r u r a l  communities. 

Tha i l and  has  made very good u se  of  Landsat  d a t a  i n  



forestry,  land-use planning, water resources management, cartography, 

and mineral resources exploration. S a t e l l i t e  data have been used less  

extensively i n  agr icul tural  production forecasting, demography, 

environmental protection, marine resources and coastal  zone monitoring 

and d isas ter  warning and assessment. I n  general, Landsat data have 

been used as one would expect -- i n  a reconnaissance-level mode and as 

a supplement t o  other data sources. 

The team has not attempted t o  quantify the 

benefits  Thailand has already derived from the usage and decision 

e f f ec t s  described above, but they are  without question greater than 

the  relat ively small cost of the training,  data acquisition and data 

analysis equipment the users have needed t o  carry out the analysis. 

The continuing flow of information from the uses already underway in to  

the  decision processes alreaciy absorbing t h i s  information, plus the 

new uses and techniques tha t  are  yet t o  be worked out (and possible 

use areas yet t o  be i n i t i a t ed  or recognized), are  l ikely t o  yield high 

returns on the margin for the investments of past  years, and continue 

t o  be an important source of information for Thai development planning 

i n  the future. 

5.5.13 Costs and Fees -- 
Although NRC has not done a proper cost study on 

i t s  products, it i s  clear tha t  the products a re  being sold a t  

subsidized prices, even a t  the recently increased schedule. NRC 

continues t o  charge the lower former fee  schedule for sales  of old 

data. I n  1982 about 40% of the fee earnings came from sales  t o  RTG 

users, 30% t o  other governments or agencies and corporations. 

Whether NRC s e l l s  a t  a subsidy or  a t  f u l l  cost may 

af fec t  user agency demand and therefore t o t a l  production and cost t o  



t h e  RTG as  a whole (although haw t h a t  cost is  d i s t r ibu ted  between NRC 

o r  RTG user budgets is  otherwise unimportant). Sales t o  the  pr ivate  

sec tor  i n  Thailand could earn a modest net  revenue i f  properly priced, 

but such sa l e s  thus f a r  have been l imited t o  a s ingle  purchaser. I t  

i s  d i f f i c u l t  t o  foresee s ignif icant  p r iva te  sector  sa les .  There a re  

few corporations i n  Thailand with need for  large-area ground data. 

The Thai Budget Bureau has yet t o  r a i s e  the  issue 

of cost  recovery. B u t  there  i s  no reason Thailand should subsidize 

sa l e s  of NRC products t o  non-governmental buyers, especial ly if sa les  

t o  buyers outside Thailand a r e  en ta i l ing  a net foreign exchange loss 

and NRC prices remain below those of t h e  U S .  On the  assumption t h a t  

t h e  whole technology has a substant ia l  fu ture  i n  the  region, NRC sa les  

should continue t o  graw t o  the  point where the  subsidy versus cost- 

recovery issue becomes big enough t o  a t t r a c t  Budget Bureau a t ten t ion  

and warrant more systematic study. (NRC estimates the  sudsidy o r  

"loss" i n  1982 a t  over $500,000. ) A t  t h i s  stage, it would be useful 

f o r  t h e  NRC t o  carry out a proper cost  accounting of i t s  products, 

including both marginal and fixed costs.  With a c lear  p ic ture  of i t s  

cost  and subsidy position, NRC would be be t t e r  able  t o  see  how much of 

a f ee  increase whould be needed t o  cover i t s  product costs ,  and where 

such increases would put i t s  fees i n  r e l a t ion  t o  EROS fees for  t he  

same products. 

The fee  question m u s t  a l so  be put i n to  the  

perspective, a t  t h i s  early stage i n  t h e  technology diffusion process, 

of t h e  e f f ec t  of a cost increase on t h e  willingness of s t i l l  uncertain 

users t o  buy t he  products. I n  fact  RTG users, both the  technical  and 

administrative levels ,  a re  well enough along i n  t he  absorption of t h e  



t echno logy  s o  t h a t  p r e s e n t  f e e  l e v e l s  a r e  n o t  a  s i g n i f i c a n t  f a c t o r  i n  

i t s  d i f f u s i o n .  

For  some a g e n c i e s  t h e  l e v e l  o f  d a t a  usage (number 

o f  p r o d u c t s  bought from N R C )  i s  l o w  and t h e  i n c r e a s e d  costs w i l l  

amount t o  very  sma l l  f r a c t i o n s  o f  t h e i r  budgets .  The cost i n c r e a s e s  

appea r  t o  b e  t r i v i a l  f a c t o r s .  For  t h e  mre a c t i v e  u s e r s ,  t h e  

i m p o s i t i o n  o f  h i g h e r  f e e s  h a s  caught  them by s u r p r i s e  i n  t h e  middle of 

a  f i s c a l  yea r .  I f  t h e r e  i s  any impact on w i l l i n g n e s s  t o  buy imagery 

o r  CCTs, or  on t h e  number of p roduc t s  bought ,  it w i l l  emerge i n  t h e  

f i s c a l  y e a r  beg inn ing  i n  October 1983. However, no u s e r s  i n t e rv i ewed  

r a i s e d  t h e  f e e  q u e s t i o n  b e f o r e  t h e  team d i d ,  and none saw t h e  f e e s  a s  

a  s i g n i f i c a n t  i s s u e  or a  d e t e r r e n t  t o  r e a c h i n g  a  d e s i r e d  l e v e l  of  

a c q u i s i t i o n .  Whether t h e r e  i s  any e f f e c t  or n o t  w i l l  depend on t h e  

s e v e r i t y  of o v e r a l l  budget  p r e s s u r e  i n  t h e  nex t  y e a r  o r  t w o  a s  

T h a i l a n d  f a c e s  a  d i f f i c u l t  shor t - t e rm f i s c a l  ou t l ook .  The RTG Budget 

Bureau rev iews  o f  l i ne - i t em  r e q u e s t s  by u s e r  a g e n c i e s  a r e  s a i d  t o  be 

thorough enough t o  ensu re  t h a t  s p e c i f i c  a p p l i c a t i o n s  were indeed be ing  

p lanned ,  b u t  n o t  o b s t r u c t i v e .  I n  any e v e n t ,  u s e r  a g e n c i e s  t h e n  have 

enough flexibility after receiving budget  authority to make line-item 

ad ju s tmen t s .  

The g e n e r a l  p i c t u r e  t h a t  emerges from t h i s  review 

i s  t h a t  Tha i l and  h a s  made s u b s t a n t i a l  s t r i d e s  i n  t h e  a r e a  of s a t e l l i t e  

remote s e n s i n g  and a n a l y s i s .  However, a t  each  s t e p  of t h e  p r o c e s s  -- 
from d a t a  a c q u i s i t i o n  t o  d a t a  p r e p a r a t i o n  t o  t r a i n i n g  and d a t a  

a n a l y s i s ,  ana  f i n a l l y  t o  t h e  i n t e g r a t i o n  o f  Landsa t  d a t a  a n a l y s i s  i n t o  

decision-making -- more needs t o  b e  done. The t echno logy  c o n t a i n s  

much i n fo rma t ion  t h a t  Tha i l and  i s  n o t  y e t  e x t r a c t i n g  from it. 



5.6 F i n d i n g s  And - Recommendations 

Data A c q u i s i t i o n  - 
F i n d i n g s :  A t  p r e s e n t ,  t h e  g round  r e c e i v i n g  s t a t i o n  i s  

c a p a b l e  o f  r e c e i v i n g  L a n d s a t  4 M u l t i - S p e c t r a l  S c a n n e r  data.  I t  is n o t  

c a p a b l e  of  r e c e i v i n g  e i t h e r  t h e m a t i c  mapper data  or  SPOT data. 

L a n d s a t  data may n o t  be a v a i l a b l e  beyond t h e  d e s i g n  l i f e  o f  L a n d s a t  

D ' .  T h i s  would mean t h a t  u n l e s s  a  p r i v a t e  sector company or a n o t h e r  

c o u n t r y  l a u n c h e d  a s a t e l l i t e  comparable  t o  L a n d s a t ,  t h e  T h a i  ground 

r e c e i v i n g  s t a t i o n  would become u s e l e s s  w i t h o u t  s o f t w a r e  u p g r a d e s  

n e c e s s a r y  t o  p r o c e s s  o t h e r  t y p e s  o f  s a t e l l i t e  d a t a .  

D e c i s i o n s  r e g a r d i n g  f u t u r e  r e m o t e  s e n s i n g  s a t e l l i t e  s y s t e m s  

w i l l  become mre complex a s  t h e  q u a n t i t y  o f  data  b e i n g  g e n e r a t e d  i n  

space i n c r e a s e s  manyfold  a n d  a s  s e v e r a l  c o u n t r i e s  l a u n c h  r e m o t e  

s e n s i n g  s a t e l l i t e s .  

Recommendation: A s  dec is ion-making  p r o c e s s e s  r e g a r d i n g  s a t e l l i t e  

remote s e n s i n g  programs become more complex, c o n s i d e r a t i o n  s h o u l d  be 

g i v e n  t o  how best t o  d e v e l o p  the  c a p a b i l i t y  t o  make t h e s e  complex 

d e c i s i o n s .  An i n d e p e n d e n t  a s s e s s m e n t  m y  be r e q u i r e d .  

D a t a  P r e p a r a t i o n  and  D i s s e m i n a t i o n  - - 
F i n d i n q :  NRC c u r r e n t l y  h a s  too many t a s k s ,  g i v e n  i t s  c u r r e n t  

s t a f f i n g  l e v e l  a n d  budget ,  t o  p e r f o r m  e f f e c t i v e l y  i t s  p r i m a r y  

f u n c t i o n :  data  p r e p a r a t i o n  a n d  d i s s e m i n a t i o n .  

F i n d i n p :  NRC is c u r r e n t l y  u n a b l e  t o  p r o c e s s  L a n d s a t  4 MSS data  

b u t  i s  d e a l i n g  w i t h  t h i s  problem t h r o u g h  a g r a n t  f rom t h e  Canadian  

Government. I f  and  when T h a i l a n d  b e g i n s  t o  r e c e i v e  data from o t h e r  

s a t e l l i t e s  a f u r t h e r  m o d i f i c a t i o n  i n  p r o c e s s i n g  s o f t w a r e  may be 

n e c e s s a r y .  



Find inq :  Some u s e r s  have d i f f i c u l t y  o b t a i n i n g  s a t e l l i t e  d a t a  

from NRC, b o t h  i n  te rms of  p roduc t  a v a i l a b i l i t y  and i n  s p e e d  o f  

d e l i v e r y .  T h e r e  h a s  a l s o  been d i f f i c u l t y  o b t a i n i n g  ae r ia l  photography 

from the Royal T h a i  Survey Department; it can  t a k e  up t o  t w o  y e a r s  t o  

g e t  new f l i g h t  l i n e s  flown. 

F ind inq :  Equipment problems, l a c k  of s u f f i c i e n t l y  t r a i n e d  

t e c h n i c i a n s  and  a commendable e f f o r t  t o  m a i n t a i n  q u a l i t y  c o n t r o l  have  

a l l  p lagued  the  NRC p r o d u c t i o n  and d i s s e m i n a t i o n  p r o c e s s .  I n  

p a r t i c u l a r ,  t h e  O p t r o n i c s  F i lm Writer (which t r a n s f e r s  d i g i t a l  data 

i n t o  f i l m  p r o d u c t s )  i s  a b o t t l e n e c k .  C e r t a i n  p r o d u c t s  d e s i r e d  by 

u s e r s  are n o t  p r e s e n t l y  a v a i l a b l e  from NRC. A p a r t i c u l a r l y  sough t  

a f t e r  and u s e f u l  form of  data would be t h e  1:250,000 color composi tes .  

Recommendation: NRC i s  c o n s i d e r i n g  g o i n g  t o  t w o  s h i f t s  -- 
working t h e  O p t r o n i c s  F i l m  Writer s i x t e e n  r a t h e r  t h a n  e i g h t  h o u r s  a 

day.  The e v a l u a t i o n  team encourages  s u c h  a s o l u t i o n  b u t  n o t e s  t h a t  

do ing  so w i l l  r e q u i r e  more t r a i n e d  p e r s o n n e l  and  a ready  s u p p l y  of 

s p a r e  p a r t s  f o r  the O p t r o n i c s .  Another p o s s i b l e  s o l u t i o n  would be t o  

p r o c u r e  a second  O p t r o n i c s  and r u n  it i n  p a r a l l e l  w i t h  t h e  o n e  now i n  

p l a c e .  A t h i r d  s o l u t i o n  would be t o  buy a more advanced,  faster 

sys tem,  such  a s  a laser writer.  

Some c o n s i d e r a t i o n  s h o u l d  be  g i v e n  t o  employing a n  independent  

a n a l y s t  ( fo r  2 - 3 months)  t o  examine N R C ' s  p r o d u c t i o n  a n d  

d i s t r i b u t i o n  p r o c e s s  and t o  p r e s c r i b e  equipment  p u r c h a s e s  (or  

m o d i f i c a t i o n s ) .  Management and p e r s o n n e l  r e q u i r e m e n t s  s h o u l d  a l s o  be 

s t u d i e d  and a p p r o p r i a t e  recommendations made t o  i n c r e a s e  e f f i c i e n c i e s .  

Recommendation: The same independent  a n a l y s t  c o u l d  review t h e  

manpower a n d  equipment  needs  of  the  u s e r  a g e n c i e s  s o  t h a t  d e c i s i o n s  

c a n  be made r e g a r d i n g  t h e  r a t i o n a l  u s e  o f  equipment  and t h e  possible 



procurement  of a d d i t i o n a l  v i s u a l  and computer  a n a l y s i s  equipment.  

Recommendation: NRC s h o u l d  f o c u s  i t s  a c t i v i t i e s  on t h e  

p r o d u c t i o n  and d i s t r i ' m t i o n  of d a t a ,  even i f  it means c u t t i n g  back i t s  

a c t i v i t i e s  i n  some o t h e r  a r e a s .  

User Awareness and A s s i s t a n c e  - - 
Findin%: T h e  two c u r r e n t  NRC c o u r s e s  a r e  most u s e f u l  as 

i n t r o d u c t i o n s  t o  remote s e n s i n g  and f o r  c r e a t i n g  an "awareness" of 

r emote  s e n s i n g  technology.  

F ind ing :  NRC h a s  developed an e f f i c i e n t  browse f i l e  by which 

u s e r s  can  d e t e r m i n e  d a t a  a v a i l a b i l i t y ,  q u a l i t y ,  and s u i t a b i l i t y .  

F ind inq :  User t r a i n i n g  and  remote  s e n s i n g  e d u c a t i o n  s h o u l d  be 

encouraged so t h a t  t h e  u s e r s  themse lves  can  better d e t e r m i n e  t h e  t y p e  

o f  d a t a  r e q u i r e d  f o r  a  p a r t i c u l a r  a p p l i c a t i o n .  U s e r  s e r v i c e s  are n o t  

u s e d  as i n t e n s i v e l y  as t h e y  should .  

Recommendation: NRC t r a i n i n g  c o u r s e s  s h o u l d  be con t inued .  

C o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  l i m i t i n g  them s o l e l y  t o  f a r n i l i a r -  

i z a t i o n  and i n t r o d u c t i o n  t o  d i g i t a l  p r o c e s s i n g .  

Recommendation: C o n s i d e r a t i o n  s h o u l d  be g i v e n  to  reduc ing  t h e  

l e n g t h  of  t h e s e  c o u r s e s .  

T r a i n i n a  And Educat ion  

F ind inq :  The t r a i n i n g  program a t  NRC s e r v e s  as an  i n t r o d u c t i o n  

and  awareness  c o u r s e  -- n o t  as a  t r a i n i n g  and e d u c a t i o n  course .  

F ind inq :  T r a i n i n g  i n  remote  s e n s i n g  a v a i l a b l e  a t  t h e  F a c u l t y  of 

F o r e s t r y  is  good i n  manua l /v i sua l  remote  s e n s i n g  a n a l y s i s  b u t  n o t  i n  

d i g i t a l / c o m p u t e r  a n a l y s i s .  

F inding:  t h e  t r a i n i n g  program a t  AIT is  i n  an e v o l u t i o n a r y  

s t a g e .  The c o u r s e  c u r r e n t l y  underway i s  the  f i r s t  (of  t h r e e )  a b l e  t o  



a p p r o a c h  f  u l f  i l l i n g  program d e s i g n :  g e o g r a p h i c  i n f o r m a t i o n  s y s t e m s  

equipment ,  f o r  i n s t a n c e ,  is  s t i l l  b e i n g  i n s t a l l e d .  D i g i t a l  p r o c e s s i n g  

i s  now g i v e n  g r e a t e r  emphas i s  t h a n  v i s u a l  image i n t e r p r e t a t i o n  a s  w a s  

i n t e n d e d .  

Recommendation: T h e  t r a i n i n g  and  e d u c a t i o n  o f  T h a i s  i n  remote 

s e n s i n g  s h o u l d  be c o n d u c t e d  a t  t h e  U n i v e r s i t y  a n d / o r  a t  A I T .  NRC 

s h o u l d  n o t  be e x p e c t e d  t o  p r o v i d e  remote s e n s i n g  t r a i n i n g  a n d  

e d u c a t i o n  a s  d e f i n e d  i n  S e c t i o n  4.0 o f  t h i s  s t u d y .  

R e s e a r c h  C o o r d i n a t i o n  

F i n d i n q :  A t  t h i s  s t a g e  i n  t h e  development  of  a p p l i c a t i o n s  of  

remote s e n s i n g  d a t a  i n  T h a i l a n d ,  r e s e a r c h  s e r v e s  t w o  f u n c t i o n s :  t o  

d e f i n e  a n d  r e f i n e  t h e  p o t e n t i a l  u s e s  o f  r emote ly  s e n s e d  d a t a  unde r  

T h a i  c o n d i t i o n s ,  and  t o  h e l p  s o l v e  knowledge problems i n  s u b j e c t -  

m a t t e r  a p p l i c a t i o n s  where  t h e  t e c h n i q u e s  o f  a p p l i c a t i o n  h a v e  been  

worked o u t  a n d  found  s a t i s f a c t o r y .  The NRC r e s e a r c h  b u d g e t  h a s  been  

a l l o c a t e d  by t h e  r e s e a r c h  commit tee  b a s e d  on r e v i e w s  o f  p r o p o s a l s  p u t  

t o  t h e  committee by T h a i  r e s e a r c h e r s .  

Recommendation: Wi th  s e v e r a l  p o t e n t i a l l y  i m p o r t a n t  a p p l i c a t i o n s  

o f  L a n d s a t  s t i l l  n o t  d e m o n s t r a t e d  f o r  c o n d i t i o n s  i n  T h a i l a n d ,  t h e  

committee s h o u l d  c o n s i a e r  s e t t i n g  a s i d e  some of t h e  r e s e a r c h  b u d g e t  

f o r  s u b j e c t s  t h a t  d e s e r v e  p r i o r i t y  i n  an  e f f o r t  t o  d e v e l o p  t h e  f u l l  

r a n g e  o f  t h i s  p o t e n t i a l .  Crop measurement a n d  f o r e c a s t i n g  i s  an  

o b v i o u s  f i r s t  p r i o r i t y .  O t h e r  s u b j e c t s  f o r  which L a n d s a t  d a t a  may 

p r o v e  u s e f u l ,  b u t  which a p p e a r  u n d e r - r e s e a r c h  t h u s  f a r  i n c l u d e  ( a )  

more d e t a i l e d  mapping o f  f o r e s t  c o n d i t i o n ,  i n c l u d i n g  s p e c i e s  

d i f f e r e n t i a t i o n ;  ( b )  c o a s t a l  m n i t o r i n g ;  ( c )  m o n i t o r i n g  o f  change  i n  

u r b a n  s p r a w l  a n d  i t s  encroachment  of  a g r i c u l t u r a l  l a n d :  ( d )  u r b a n  

h y d r o l o g y ;  a n d  ( e )  s a l t w a t e r  i n t r u s i o n  i n  t h e  Chao Phya d e l t a .  



Data A n a l y s i s  

F ind inq :  T h a i l a n d  h a s  deve loped  a  f a i r l y  s t r o n g ,  however 

somewhat uneven, c a p a b i l i t y  i n  v i s u a l / m a n u a l  a n a l y s i s  of  r emote  

s e n s i n g  d a t a .  T h a i l a n d  h a s  made o n l y  l i m i t e d  u s e  o f  s a t e l l i t e  d i g i t a l  

d a t a  b e c a u s e  mst u s e r  a g e n c i e s  l a c k  t h e  r e q u i s i t e  computer  f a c i l i t i e s  

a n d  t h e  n e c e s s a r y  e x p e r i e n c e .  

F ind inq :  T h e r e  i s  c u r r e n t l y  no d e v i c e  a t  NRC t o  g e n e r a t e  h a r d  

copy o u t p u t  of  any d i g i t a l  a n a l y s i s  it performs.  

F ind ing :  The computer  image a n a l y s i s  c a p a b i l i t y  a t  NRC i s  

i n s u f f i c i e n t  t o  s e r v e  as a p r o d u c t i o n  computer  a n a l y s i s  f a c i l i t y  f o r  

T h a i l a n d ' s  l i n e  a g e n c i e s .  Such a f a c i l i t y  i s  e s s e n t i a l  t o  d e r i v i n g  

maximum b e n e f i t  from s a t e l l i t e  d a t a .  

F ind inq :  The computer  f a c i l i t y  f o r  remote  s e n s i n g  a t  AIT c a n n o t  

s e r v e  as a p r o d u c t i o n  computer a n a l y s i s  f a c i l i t y  f o r  t h e  RTG o n  any 

s i g n i f i c a n t  scale. 

Recommendation: The  T h a i  Government s h o u l d  c o n s i d e r  t h e  

procurement  of  s u f f i c i e n t  v i s u a l / m a n u a l  a n a l y s i s  equipment  s o  t h a t  t h e  

a g e n c i e s  who are u s i n g  remote s e n s i n g  i n  an  o p e r a t i o n a l  m d e  can  

p roduce  a n a l y s i s .  I n  some depar tmen t s ,  equipment l i e s  a round  unused,  

w h i l e  i n  o t h e r s  where it is  needed a g r e a t  d e a l ,  t h e r e  is none. The 

e q u i p i n g  of  u s e r  a g e n c i e s  is  n o t  o n l y  a t e c h n i c a l / e q u i p m e n t  problem, 

b u t  also a  management/institutional problem. A s  s u g g e s t e d  above some 

c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  do ing  an  independen t  a s sessment  o f  

equipment  and management needs  w i t h i n  t h e  T h a i  Government. 

Recommendation: The RTG s h o u l d  se t  up a p r o d u c t i o n  l e v e l  

computer  a n a l y s i s  f a c i l i t y  d e d i c a t e d  t o  t h e  a n a l y s i s  of  s a t e l l i t e  

d a t a .  T h i s  f a c i l i t y  s h o u l d  p r o b a b l y  c o n s i s t  of  a f a i r l y  s o p h i s t i c a t e d  



mini -computer ,  s o m e t h i n g  as p o w e r f u l  as ESL's  IDIMS s y s t e m .  

Consideration s h o u l d  be g i v e n  t o  h i r i n g  a n  o u t s i d e  c o n s u l t a n t  t o  s p e n d  

some t i m e  w i t h  u s e r  a g e n c i e s  i n  order t o  d e t e r m i n e  t h e  best compu te r  

f a c i l i t y  a n d  i n s t i t u t i o n a l  a r r a n g e m e n t s .  

Recommendation: The  e v a l u a t i o n  team b e l i e v e s ,  upon f i r s t  

e x a m i n a t i o n ,  t h a t  any  s u c h  f a c i l i t y  o u g h t  t o  be located w i t h i n  NRC,  

b u t  s h o u l d  be d e d i c a t e d  s o l e l y  t o  computer  p r o c e s s i n g  by l i n e  

a g e n c i e s .  T h i s  new f a c i l i t y  w i l l  r e q u i r e  a d d i t i o n a l  p e r s o n n e l  a n d  

equipment .  



6.0 TEE USAID NATIONAL RESEARCH COUNCIL REHOTE SENSING PROJECT 

6.1  I n t r o d u c t i o n  

S e c t i o n  3.0 d i s c u s s e s  Remote S e n s i n g  i n  T h a i l a n d  i n  t h e  

c o n t e x t  of  t h e  o v e r a l l  remote s e n s i n g  p r o c e s s .  T h i s  p r o c e s s  c o n s i s t s  

o f  t h e  movement of  s a t e l l i t e  d a t a  from d a t a  a c q u i s i t i o n  t h r o u g h  d a t a  

p r e p a r a t i o n  and c i i s t r i b u t i o n  t o  u s e r  a g e n c i e s  which g e n e r a t e  r e s o u r c e  

i n f o r m a t i o n  from t h e  d a t a ,  and  t h e n  t o  d e c i s i o n  makers who make u s e  o f  

r e s o u r c e  i n f o r m a t i o n .  Fo l l awing  t h a t ,  one would hope  t h a t  t h e s e  

d e c i s i o n s ,  b a s e d  on improved i n f o r m a t i o n ,  would l e a d  t o  "bet ter  

outcomes" t h a n  would o t h e r w i s e  have occured .  

The team g e n e r a l l y  f e e l s  t h a t  t h e  development  o f  remote 

s e n s i n g  c a p a b i l i t i e s  i n  T h a i l a n d  h a s  been q u i t e  good, and t h a t  USAID 

a n d  o t h e r  o u t s i d e  donor a i a  programs have had  a p o s i t i v e  impact .  I n  

t h i s  s e c t i o n  w e  rev iew USAID programs as t h e y  have a f f e c t e d  e a c h  of 

t h e  p a r t s  o f  t h e  remote  s e n s i n g  p r o c e s s ,  and  show how some of  t h e  

problems which t h e  T h a i s  now f a c e  c o u l d  have been more a d e q u a t e l y  

a d d r e s s e d .  

6 . 2  I s s u e s  

An e v a l u a t i o n  o f  t h i s  p a r t i c u l a r  USAID program must 

r e c o g n i z e  t h e  f a c t  t h a t  USAID's c o n t r i b u t i o n  i s  a  r e l a t i v e l y  s m a l l  

p a r t  of t h e  i n v e s t m e n t  which h a s  been  made by t h e  RTG. T h i s  

inves tmen t  i s  o v e r  $10 m i l l i o n  a t  t h e  p r e s e n t  t i m e  w h i l e  t h e  e n t i r e  

USAID commitment i s  o n  t h e  o r d e r  o f  $500,000. 

I n  a g e n e r a l  s e n s e  t h e  RSTD p r o j e c t  w a s  s u c c e s s f u l .  

Equipment w a s  p r o c u r e d  a n d  i s  now i n  p l a c e  a t  t h e  NRC f a c i l i t y .  

T r a i n i n g  h a s  o c c u r r e d  a l t h o u g h  t h e r e  w a s  some d i f f i c u l t y  i n  f i n d i n g  

p e r s o n n e l  q u a l i f i e d  f o r  t r a i n i n g  i n  t h e  U n i t e d  S t a t e s  a t  a g r a d u a t e  

l e v e  1. 



However, t h e  program must be viewed more c r i t i c a l l y  when p u t  

i n  t h e  contex t  of t h e  o v e r a l l  remote sens ing  p roces s  i n  Tha i land .  I n  

o t h e r  words, one  should  ask  what e f f e c t  t h i s  program had on T h a i l a n d ' s  

o v e r a l l  remote s ens ing  c a p a b i l i t y .  I n  p a r t i c u l a r  one must a l s o  

e v a l u a t e  t h i s  program on t h e  b a s i s  of whether o r  n o t  i s  was desiqned 

t o  d e a l  w i th  t h e  problems of Tha i l and ' s  remote s e n s i n g  program, 

whether i t s  management he lped  o r  h indered  t h e  p r o j e c t ,  and whether o r  

n o t  t h e  p r o j e c t  l e d  t o  g r e a t e r  u t i l i z a t i o n  of remote s e n s i n g  d a t a  by 

u s e r  agencies .  

I n  t h e  a r e a  of d a t a  p repa ra t ion  t h e  U S A I D  p r o j e c t  was 

designed t o  h e l p  t h e  Tha i s  produce b e t t e r  q u a l i t y  photographic  

produc ts .  The P r o j e c t  Paper noted t h e  need t o  upgrade t h e  process ing  

and handl ing c a p a b i l i t y  a t  NRC i n  t h e  expec t a t i on  t h a t  t h e  demand f o r  

d a t a  was l i k e l y  t o  i n c r e a s e  s u b s t a n t i a l l y .  Funding was a l s o  provided 

f o r  t r a i n i n g  of personne l  t o  run t h e  new photographic  equipment 

necessary  t o  enab le  t h e  c e n t e r  t o  produce u s e r  p roduc ts .  The U S A I D  

p r o j e c t  h a s  c e r t a i n l y  accomplished t h e s e  goa l s ,  enab l ing  t h e  NRC t o  

produce b e t t e r  photographic  produc ts  and d a t a  f o r  u se r s .  

The U S A I D  p r o j e c t ,  however, d i d  n o t  add res s  w h a t  h a s  

appeared t o  t h i s  eva lua t ion  team a s  a  major bo t t l eneck  i n  t h e  

p r e p a r a t i o n  of d a t a  by NRC.  This  i s  t h e  f a c t  t h a t  t h e  manually 

o p e r a t e d  Opt ron ics  Film Wri te r  i s  slow and i n e f f i c i e n t .  This  makes it 

d i f f i c u l t  f o r  t h e  NRC t o  keep up wi th  t h e  d a t a  demand. Th i s  could n o t  

have been f o r s e e n  by U S A I D  a s  a  problem a t  NRC because in format ion  

c o l l e c t e d  by a  p rev ious  eva lua t ion  team on t h e  amount of d a t a  

r eques t ed  by l i n e  agenc ies  and t h e  number of r e q u e s t s  f i l l e d  s h w e d  

t h a t  no d a t a  p r e p a r a t i o n  and d i ssemina t ion  problem e x i s t e d .  



The Project  Paper a l so  does not contain an analysis  of t h e  

flow of data through the  NRC processing center. Given a projection of 

r i s ing  data demand and t h e  then current capabi l i t i es  of t he  processing 

f a c i l i t y ,  an evaluation of the  capabil i ty of the production equipment 

might have shown t h a t  t he  production of film products from d i g i t a l  

tapes would slow dawn the  data preparation process and the  a b i l i t y  of 

NRC t o  product data fo r  i t s  users. 

In t h i s  case, t he  U S A I D  program was only p a r t i a l l y  

successful. I t  helped t o  solve one problem, t h a t  of providing the  

equipment t o  produce color and photographic products (which were 

needed par t ly  due t o  changes i n  t he  design of t he  U S  s a t e l l i t e )  but it 

fa i l ed  t o  address the  problem which would a r i se ,  and did a r i se ,  as  

data demand increased. 

The project  t ra in ing  component included money for  s t a f f  of 

t he  NRC t o  be t ra ined t o  operate the  NRC equipment. While t h i s  

t ra in ing  was essen t ia l ,  t he  project  took an implici ty narraw view of 

what was needed t o  t r ans fe r  t he  technology t o  user agencies. For t h i s  

t ransfer  t o  take place, t ra ining must occur i n  a number of areas 

besides NRC production: analysts  who can interface  with users t o  help 

them t o  be able t o  use remote sensing analysis  equipment; l i n e  agency 

technicians who w i l l  use the  data: senior science administrators i n  

t he  area of technology management. The USAID program helped t o  t r a i n  

technicians, but did not address any of these other types of t ra in ing  

needs. 

The project  did not address problems of data analysis  and 

interpreta t ion.  I t  is here, a t  the  user level ,  t h a t  t he  r e a l  payoff 

comes from remote sensing data. Many Thai agencies do not have the  

proper equipment t o  make f u l l  use of s a t e l l i t e  remote sensing data. 



This is  t r u e  both i n  the  visual  analysis of Landsat data  where some 

users do not have su f f i c i en t  equipment t o  effectively perform 

visual/manual analysis  of s a t e l l i t e  (or a e r i a l )  data and a l so  i n  t h e  

area of d i g i t a l  analysis.  Without a  capabil i ty for  production level  

d i g i t a l  analysis,  the  use of s a t e l l i t e  data t o  maximum advantage can 

never be accomplished. Nothing i n  t he  USAID project  was directed a t  

building the  users capabi l i ty  t o  analyze data -- e i t h e r  i n  visual  

techniques or i n  d i g i t a l  techniques. 

The d i f f i c u l t y  i n  designing a  technology t ransfer  project  

should not be minimized, and t h e  team does not mean t o  do so. I t  i s  

a lso not the  intention of the  team t o  suggest t ha t  USAID should have 

al located funding for  a l l  of the  problems encountered by the  Thais i n  

the  u t i l i z a t i o n  of s a t e l l i t e  remote sensing. In fac t ,  the  limited 

amount of USAID funding which was al located for the  project  was spent 

i n  needed areas. However, when dealing with remote sensing it i s  

e s sen t i a l  t o  rea l ize  tha t  the  technology t ransfer  process has many 

components, none of which can be neglected without the  poss ib i l i t y  of 

the  overa l l  process f a i l ing .  

I n  sum, the  project  addressed equipment needs only a t  NRC 

and did not consider the  question of the  corresponding equipment needs 

of the  users, which a re  no l e s s  important. The project  did not 

address the  management issues, perhaps because the  evaluation on which 

it was based appears t o  have misread the  s i tua t ion  i n  some respects 

(e.g. the  product production and delivery s i tua t ion ) .  Third and 

perhaps most important was the  limited nature of mission involvement. 

For a  good portion of the  implementation period of the  NRC project ,  

the  project  manager was detached fo r  other duties. The time he could 



a l l o c a t e  t o  t h e  p r o j e c t  and t h e  t i m e  of t h e  o t h e r  USAID o f f i c e r  

a s s igned  t o  t h e  p r o j e c t  were a p p a r e n t l y  complete ly  absorbed by paper-  

work and implementat ion problems r ega rd ing  procurement and p a r t i c i p a n t  

t r a i n i n g .  

6.3 Coord ina t ion  Between NRC, - USAID and  Other  Non-RTG Agencies - 
A s  can be seen  i n  t h e  o r g a n i z a t i o n  c h a r t  i n  Annex I ,  t h e  

RTG brought  t o g e t h e r  a l l  i n t e r e s t e d  agenc i e s  when t h e  remote sens ing  

c o o r d i n a t i n g  ar rangements  were o r i g i n a l l y  made. The t h r e e  non-RTG 

agenc i e s  invo lved  i n  remote  s e n s i n g  -- AIT, USAID and ESCAP -- l i n k  t o  

t h i s  s t r u c t u r e  through t h e i r  i n d i v i d u a l  r e l a t i o n s h i p s  w i th  NRC. The 

team b e l i e v e s  t h a t  t h e  c o o r d i n a t i o n  ar rangements  between NRC and t h e  

non-RTG a g e n c i e s  shou ld  be  reviewed immediately w i t h  a  view t o  

improving communication r e g a r d i n g  forward p lann ing  and e n s u r i n g  t h a t  

p o s s i b l e  missed o p p o r t u n i t i e s  a r e  i n  f a c t  recognized.  The i s s u e s  

r a i s e d  i n  t h i s  e v a l u a t i o n  i n c l u d e  s e v e r a l  where NRC c o u l d  o b t a i n  

u s e f u l  i n p u t s  from some donor.  The major Canadian c o n t r i b u t i o n  t o  NRC 

s t a f f  and equipment c a p a b i l i t y  now be ing  planned i n  d e t a i l  w i l l  a f f e c t  

some of t h e s e  q u e s t i o n ,  e.g. t h e  r e l a t i o n s h i p s  between A I T  t r a i n i n g  

cur r icu lum and t h e  t r a i n i n g  needs  and a c t i v i t i e s  of NRC, but  there 

appears t o  have been l i t t l e  communication among the p a r t i e s  involved.  

The ESCAP r e g i o n a l  remote s e n s i n g  c o o r d i n a t i n g  u n i t  i s  under tak ing  a  

comprehensive review of t h e  s t a t u s  i n  t h e  r eg ion  which w i l l  p u t  t h e  

head of t h e  u n i t  ( ~ r .  Heny Thung who a l s o  happens t o  have been one  of 

t h e  o r i g i n a l  U S  team t h a t  a p p r a i s e d  r e g i o n a l  i n t e r e s t  i n  t h e  t r a i n i n g  

c e n t e r  i d e a  b e f o r e  t h e  p r o j e c t  was i n i t i a t e d )  i n  p o s i t i o n  t o  p rov ide  

in format ion  and p e r s p e c t i v e  about  o t h e r  c o u n t r i e s  ' needs  and p l a n s  n o t  

o the rwi se  o b t a i n a b l e  i n  Bangkok. When t h e  French SPOT sa t e l l i t e  is  

o p e r a t i o n a l ,  France  w i l l  become another  impor tan t  p a r t i c i p a n t ,  



p o s s i b l y  a  donor. A u s t r a l i a  h a s  been i n t e r e s t e d  i n  t h e  p a s t ,  and J apan  

i s  a l s o  p l ann ing  a  s a t e l l i t e .  The FRG h a s  a  program of  t r a i n i n g  i n  

remote  s e n s i n g  ( n o t  a c t i v e  i n  T h a i l a n d ) ,  and some Tha i s  have a t t e n d e d  

photogrammetry t r a i n i n g  i n  Ho l l and  a t  I T C .  

A minimum s t e p  toward improved c o o r d i n a t i o n  would b r i n g  

t o g e t h e r  A I T ,  C I D A ,  USAID and ESCAP. Cons ide r a t i on  shou ld  be g iven  t o  

t h e  p o s s i b i l i t y  of i n v i t i n g  some o f  t h e  o t h e r  c o u n t r i e s ,  e s p e c i a l l y  

where t h e r e  i s  an a c t i v e  a i d  program t h a t  cou ld  i n c l u d e  some a c t i v i t y  

i n  remote s e n s i n g  even i f  t h e r e  i s  none a t  p r e s e n t .  A wider  grouping 

would make p a r t i c u l a r  s e n s e  i f  t h e  N a t i o n a l  Coo rd ina t i ng  Committee 

w e r e  t o  develop a  s y s t e m a t i c  p l a n  f o r  s t a g e d  t opp ing -o f f  and upgrading 

of bo th  NRC and u s e r  agency equipment,  and i f  t h e  t r a i n i n g  

requ i rements  were c l a r i f i e d  a f t e r  t a k i n g  account  of  NRC and A I T  

programs . 
6.4 F ind ings  and Recommendations 

Finding:  The RSTD p r o j e c t  was a  t e c h n i c a l  s u c c e s s  i n  t h a t  

equipment was p rocured  and i n s t a l l e d  and some t r a i n i n g  occured.  

However, t h e  p r o j e c t  d i d  n o t  a d d r e s s  some impor tan t  problems i n  NRC 

da ta  p r e p a r a t i o n  a n d  d i s t r i b u t i o n .  The p r o j e c t  a l s o  d i d  n o t  a d d r e s s  

some c r i t i c a l  problems i n  t h e  u s e  of remote s e n s i n g  d a t a .  

F indinq:  The e v a l u a t i o n  team found t h a t  t h e  p r e v i o u s  e v a l u a t i o n  

cons ide r ed  some components b u t  d i d  n o t  c o n s i d e r  t h e  e n t i r e  remote 

s e n s i n g  p roce s s  i n  Tha i l and .  A s  a  consequence t h e  subsequen t  program 

des ign  d i d  n o t  a d d r e s s  some impor t an t  problem a r e a s .  

Recommendation: USAID s h o u l d  adhe re  f u l l y  t o  i t s  normal de s ign  

and e v a l u a t i o n  p rocedu re s  on p r o j e c t s  of t h i s  type .  Had t h o s e  

p rocedures  been fo l lowed  t h e  i s s u e s  r ega rd ing  technology t r a n s f e r  t o  



end  u s e r s  would have been a d d r e s s e d ,  and  t h e  RSTS p r o j e c t  might  have 

been d e s i g n e d  d i f f e r e n t l y .  

Recommendation: The team b e l i e v e s  t h a t  t h e  c o o r d i n a t i o n  

a r rangements  between NKC and t h e  non-RTG a g e n c i e s  s h o u l d  b e  reviewed 

immedia te ly  w i t h  a view t o  improving communication r e g a r d i n g  f o r w a r d  

p l a n n i n g  and e n s u r i n g  t h a t  p o s s i b l e  missed o p p o r t u n i t i e s  a r e  i n  f a c t  

r e c o g n i z e d .  



7.0 THE ASIAN REGIONAL REMOTE SENSING TRAINING CENTER 

7.1  I n t r o d u c t i o n  

O p e r a t i o n s  o f  t h e  A s i a n  R e g i o n a l  R e m o t e  S e n s i n g  T r a i n i n g  

C e n t e r  (ARRSTC) a re  b e i n g  examined h e r e  a t  a b o u t  t h e  half-way p o i n t  o f  

a d e s i g n e d  s i x - y e a r  p r o j e c t .  The p r o j e c t  w a s  d e s i g n e d  t o  c o n s i s t  o f  

t w o  phases .  The f i r s t  phase ,  comple ted  i n  1982,  c o n s i s t e d  o f  t h e  

development  o f  f a c i l i t i e s ,  t h e  a c q u i r i n g  and  s t o r a g e  o f  d a t a ,  p u r c h a s e  

o f  equipment ,  and a n  u n s p e c i f i e d  amount of  t r a i n i n g ,  problem s o l v i n g ,  

r e s e a r c h ,  and  o u t r e a c h .  Phase  11, a second t h r e e - y e a r  p e r i o d ,  h a s  

a p p r o x i m a t e l y  two and  o n e - t h i r d  y e a r s  l e f t .  The domina t ing  component 

o f  t h i s  s econd  phase ,  t h e  t r a i n i n g  program, w i l l  be examined i n  d e t a i l  

i n  t h i s  s e c t i o n .  Resea rch  and  o u t r e a c h ,  b a r e l y  underway, w i l l  be 

g i v e n  a n  a p p r o p r i a t e  amount of  d i s c u s s i o n .  

A s  a g u i d e  t o  c o n s i d e r a t i o n  and  e v a l u a t i o n  o f  t h e  program, 

t h e  o r i g i n a l  g o a l s  and p u r p o s e s  are w o r t h  r ev iewing .  The J u l y  P r o j e c t  

P a p e r  s t a t e d  t h a t  t h e  p u r p o s e  w a s  " t o  e s t a b l i s h  an  As ian  Remote 

S e n s i n g  T r a i n i n g  C e n t e r  w i t h  t h e  c a p a b i l i t y  tor ( 1 )  p r o v i d e  t r a i n i n g  

t o  ESCAe t e c h n i c i a n s ,  ( 2 )  d e m o n s t r a t e  t h e  u s e f u l n e s s  of  remote s e n s i n g  

i n  development  p l a n n i n g ,  as  w e l l  as  r e s o u r c e  management, and  ( 3 )  

assist i n  p l a n n i n g ,  as r e q u e s t e d  by As ian  u s e r  a g e n c i e s ,  w i t h  a view 

toward  t h e  C e n t e r ' s  becoming a n  i n t e g r a l  p a r t  o f  t h e  As ian  I n s t i t u t e  

o f  Technology. " The p a p e r  f u r t h e r  s t a t e d  t h a t  " t h e  p r o j e c t  w i l l  

p r o v i d e :  ( a )  d a t a  bank and  o u t r e a c h  f a c i l i t i e s  t o  g i v e  As ian  d e c i s i o n -  

makers  t h e  mst s o p h i s t i c a t e d  a n d  c u r r e n t  d a t a  a v a i l a b l e  t o  r e g u l a t e  

t h e i r  r e s o u r c e  anu  l a n d - u s e  p r o c e d u r e s ,  and ( b )  a f a c i l i t y  t o  t r a i n  

A s i a n  t e c h n i c i a n s  who w i l l  be c a p a b l e  o f  d e v e l o p i n g  r e s o u r c e  and  

e n v i r o n m e n t a l  u t i l i z a t i o n  p l a n s  b a s e d  on  sound, c u r r e n t ,  r e g i o n a l  d a t a  

o b t a i n e d  from U. S . s p a c e  v e h i c l e s .  " 

8 2  



7.2 D e s c r i p t i o n  o f  -- t h e  T r a i n i n q  Program 

D e s c r i p t i o n  o f  t h e  p rog ram is s u b d i v i d e d  i n t o  a n  a c c o u n t  o f :  

(1)  f a c i l i t i e s  a n d  e q u i p m e n t ,  ( 2 )  s t a f f ,  a n d  ( 3 )  c u r r i c u l u m .  F i n d i n g s  

a n d  r e c o m e n d a t i o n s  f o l l o w .  

7 .2 .1  F a c i l i t i e s  a n d  Equipment  

The  C e n t e r ,  h o u s e d  a t  t h e  A s i a n  I n s t i t u t e  o f  

T e c h n o l o g y ,  h a s  modern, a i r - c o n d i t i o n e d  classrooms, laboratories,  

o f f i c e s ,  a n d  compu te r  f a c i l i t i e s .  Equipment  c o n s i s t s  o f  s h a r e d  t i m e  

o n  t h e  IBM 3 0 3 i  ( a c t u a l l y  a 370  c o n s o l e  a n d  a 3031  C e n t r a l  P r o c e s s i n g  

U n i t  (CPU), a n d  a v a r i e t y  o f  i n s t r u m e n t s  t o  s e r v e  t h e  process o f  

v i s u a l  image i n t e r p r e t a t i o n  a n d  t h e  e s t a b l i s h i n g  o f  a g e o g r a p h i c  b a s e d  

i n f o r m a t i o n  sys t em.  W i t h o u t  l i s t i n g  a n  i t em-by- i t em i n v e n t o r y ,  t h e  

e q u i p m e n t  c o n s i s t s  o f :  

Z o o m  T r a n s f e r  S c o p e  

Color A d d i t i v e  V iewer  

S t e r e o  P l o t t e r  

E l e c t r o n i c  P l a n i m e t e r  

D i g i t i z e r  

Variable  Image S i z e  E l e c t  r o s t i c  P l o t t e r  

G e o g r a p h i c  I n f o r m a t i o n  Sys t em P e r i p h e r a l s  

Color CRT i n t e r a c t i v e  d e v i c e s  

L i g h t e d  t r a c i n g  tables  

D r a f t i n g  m a c h i n e s  a n d  k i n d e r e d  equ ipmen t  

Mirror S t e r e o s c o p e s  



B. S t a f f  

The s t a f f  c o n s i s t s  o f  f i v e  American e x p e r t s  i n  

remote s e n s i n g  working  u n a e r  t h e  d i r e c t  i o n  of  A s s o c i a t e  P r o f e s s o r  Kaew 

Nualchawee, Ph.D. The f i v e  a r e :  

D r .  Buddy A t w e l l ,  A s s o c i a t e  D i r e c t o r  

D r .  Gary Johnson  

D r .  L a r r y  Fox 

D r .  B i l l  Hodson 

D r .  A u l i s  L ind  

7 . 2 . 2  S t a f f  

Teachinq .  The p r imary  r e s p o n s i b i l i t y  of  s t a f f  

members so f a r  h a s  been  t h e  c o n d u c t i n g  o f  t h e  t r a i n i n g  c o u r s e .  The 

s c h e d u l e  f o r  t r a i n i n g  (see t h e  s c h e d u l e  f o r  t h e  May-August, 1 9 8 3  t e r m  

i n  At t achment s )  i l l u s t r a t e s  h w  t e a c h i n g  r e s p o n s i b i l i t i e s  a r e  d i v i d e d .  

Each f a c u l t y  member c o n d u c t s  t h e  segment  o f  t h e  c o u r s e  l y i n g  w i t h i n  

h i s / h e r  area o f  s p e c i a l i z a t i o n .  Wi th in  t h e  c o n s t r a i n t s  of  p h y s i c a l  

s p a c e  and  i n  accordance  w i t h  t h e  d e s i g n  o f  t h e  c u r r i c u l u m ,  e d u c a t i o n a l  

g o a l s  are  best s e r v e d  by d i v i d i n g  t h e  day i n t o  morning and  a f t e r n o o n  

s e c t i o n s .  I n  g e n e r a l  c l a s s r o o m  s i t u a t i o n s ,  a  p r o f e s s o r  w i l l  d i r e c t  

t h e  s t u d e n t s  f o r  a n  e n t i r e  s e s s i o n .  I n  s p e c i a l  s i t u a t i o n s ,  e s p e c i a l l y  

i n  t h e  conduct  o f  f i e l d  v i s i t s ,  t h e  e n t i r e  s t a f f  i s  invo lved .  

A n a l y s i s  o f  t h e  s c h e d u l e  (see Annex 111) r e v e a l s  t h a t  each  f a c u l t y  

m e m b e r  i s  r e s p o n s i b l e  f o r  a b o u t  n i n e  c o n t a c t  classroom h o u r s  p e r  week, 

o n  t h e  a v e r a g e ;  t h e  f i g u r e  i s  i n  k e e p i n g  w i t h  customary u n i v e r s i t y  

s c h e d u l i n g .  

S u p p o r t i n g  A c t i v i t i e s .  Time n o t  s p e n t  i n  t h e  classroom and  n o t  

d e v o t e d  t o  t h e  development  of  r e s e a r c h  p r o p o s a l s  or t h e  c o n d u c t i o n  o f  

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



m i s s i o n .  F i r s t ,  a c o n s i d e r a b l e  amount o f  a d j u s t m e n t  i n  t h e  c u r r i c u l u m  

h a s  t a k e n  p l a c e  d u r i n g  t h i s  f i r s t  y e a r  of o p e r a t i o n .  T h i s  h a s  been  

n e c e s s a r y  p a r t l y  b e c a u s e  of  t h e  need  t o  a d j u s t  t h e  c o u r s e  t o  s e r v e  t h e  

c u r r e n t  l a r y e  class ( 3 1  s t u d e n t s ) ;  -- s e v e n  s t u d e n t s  c o n s t i t u t e d  t h e  

f i r s t  class a n a  n i n e  t h e  second.  A l s o  r e q u i r i n g  a g r e a t  d e a l  of  

o u t s i d e  t i m e  h a s  been  t h e  a e v e l o p i n g  o f  t h e  d i g i t a l  p r o c e s s i n g  p h a s e  

o f  t h e  c o u r s e .  E f f o r t  h a s  had  t o  b e  d i r e c t e d  toward  d e v e l o p i n g  o r  

modify ing  t h e  r e q u i r e d  computer  s o f t w a r e ,  p r e p a r i n g  e x e r c i s e s  t h a t  

c o u l d  be u s e d  i n  c o n j u n c t i o n  w i t h  t h e  computing equipment ,  and i n  

i n s t a l l i n g  and  " s h a k i n g  down" newly-de l ive red  equipment  t o  h a n d l e  

g e o g r a p h i c  b a s e d  i n f o r m a t i o n  sys tems.  

Time i s  a l s o  r o u t i n e l y  s p e n t  on a d v i s i n g  and  

d i r e c t i n g  s t u d e n t s  on  a p e r s o n a l  basis. T h i s  i s  an  e x p e c t e d  s i t u a t i o n  

c o n s i d e r i n g  t h a t  s t u d e n t s  s p e a k i n g  a v a r i e t y  of  t o n g u e s  are  b e i n g  

i n s t r u c t e d  i n  E n g l i s h .  P e r s o n a l  c o n t a c t  and d e m o n s t r a t i o n  o f  

t e c h n i q u e s ,  e s p e c i a l l y  on s o p h i s t i c t e d  equipment,  i s  v i t a l  t o  t h e  

s u c c e s s  of t h e  p r o j e c t .  T h i s  a l o n e  may w e l l  j u s t i f y  t h e  law 

s t u d e n t / f a c u l t y  r a t i o  ( s i x  t o  o n e  t h i s  term). 

T h e  f a c u l t y  has also been  engaged i n  i n i t i a t i n g  

r e s e a r c h  p r o j e c t s .  So f a r  t h e s e  a c t i v i t i e s  have  t a k e n  t h e  form o f  

s u p e r v i s i n g  s t u d e n t  p r o j e c t s  w i t h i n  t h e  program a n d  i n  c o n c e i v i n g  

i d e a s  f o r  development  of  r e s e a r c h  p r o p o s a l s .  

Ano the r  ongoing  t a s k  f o r  a l l  o f  t h e  f a c u l t y  i s  

t h e  e s t a b l i s h m e n t  of  c o n t a c t s  w i t h i n  T h a i  government a g e n c i e s  

employing remote s e n s i n g  t o  s u p p o r t  t h e i r  r e s e a r c h  or management 

a c t i v i t i e s .  



7 .2 .3  C u r r i c u l u m  

The  t r a i n i n g  c o u r s e ,  as  d e s i g n e d  f r o m  i t s  

i n c e p t i o n ,  i s  comprehens ive  i n  i t s  scope a n d  y e t ,  t h a n k s  t o  t h e  e i g h t  

h o u r  a day ,  f o u r t e e n  week p e r i o d  d e v o t e d  t o  it, i s  e x t r e m e l y  d e t a i l e d .  

I n d e e d ,  t h e  c o u r s e  i s  p r o b a b l y  the  o n l y  o n e  g i v e n  i n  t h e  w o r l d  t h a t  

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

known t e c h n i q u e  i n  t h e  f i e l d  o f  remote s e n s i n g .  O t h e r  c o u r s e s ,  

commonly, w i l l  e i t h e r  c o v e r  o n l y  a  s p e c i a l i z e d  pa r t  o f  t h e  f i e l d  o r  

o f f e r  a h i g h l y  g e n e r a l i z e d  ove rv i ew .  The  l e n g t h  o f  t i m e  a v a i l a b l e  i n  

t h e  c o u r s e  a l so  p r o v i d e s  f o r  r e g u l a r  a n d  f u l l y  i n t e g r a t e d  l a b o r a t o r y  

a n d  f i e l d  e x p e r i e n c e  t o  s u p p o r t  t h e  t e a c h i n g  o f  t h e o r y  a n d  

t e c h n i q u e s .  The c o u r s e ,  as  so o f f e r e a  t h e r e f o r e  a p p r o a c h e s  t h e  i d e a l  

m e n t i o n e d  i n  a p r e v i o u s  s e c t i o n  t o  e d u c a t i o n  r a t h e r  t h a n  t r a i n i n g .  

T h e  d e p t h  of  e x p e r i e n c e  g a i n e d  i n  t h e  c o u r s e  s h o u l d  make t h e  g r a d u a t e s  

aware of  the  a d v a n t a g e s  and  d i s a d v a n t a g e s  o f  v a r y i n g  a n a l y s e s  s y s t e m s  

so  t h a t  h e / s h e  c a n  make v i t a l  management d e c i s i o n s  o n  remote s e n s i n g  

u s e  upon r e t u r n  t o  t h e i r  r e g u l a r  p o s i t i o n s .  

The  c o u r s e  has grown and  improved  t h r o u g h  t h e  

t h r e e  t e r m s  o f  i t s  e x i s t e n c e  ( t h i s  t h i r d  c o u r s e  w i l l  be completed i n  

Augus t ,  1 9 8 3 ) .  T h e  f i r s t  o f f e r i n g  commenced o n l y  a shor t  time a f t e r  

t h e  a r r i v a l  o f  a l l  o f  t h e  t e a c h i n g  s t a f f  i n  T h a i l a n d .  Wi th  s u c h  

l i m i t e d  t i m e  a v a i l a b l e  f o r  p r e p a r a t i o n  a n d  w i t h  r e q u i s i t e  programming 

n o t  a v a i l a b l e  o n  t h e  computer  t o  a l l o w  p r a c t i c a l  a p p l i c a t i o n  of  t h e  

d i g i t a l  component o f  t h e  c o u r s e ,  t h e  c u r r i c u l u m  of t h e  f i r s t  term ( a n d  

t h e  s e c o n d )  w a s  restr ictea t o  t e a c h i n g  o f  t e c h n i q u e s  i n  ae r ia l  pho to -  

i n t e r p r e t a t i o n  a n d  a n a l y s i s  o f  v i s u a l  s a t e l l i t e  images ,  a n d  l e c t u r e s  

a n d  d e m o n s t r a t i o n s  o n  t h e  t h e o r y  o f  d i g i t a l  a n a l y s i s  a n d  g e o g r a p h i c  

b a s e d  i n f o r m a t i o n  s y s t e m s .  



Because  o f  i n s u f f i c i e n t  t i m e  t o  a d v e r t i s e  t h e  

f i r s t  c o u r s e  a d e q u a t e l y m  t h e  c l a s s ' s  co rnpos i t i on  c o n s i s t e d  o f  o n l y  

s e v e n  T h a i s .  The s e c o n d  c o u r s e  c o n s i s t e d  o f  s e v e n  more T h a i  s t u d e n t s  

p l u s  t w o  I n d i a n s .  By t h e  t i m e  o f  t h e  t h i r d  c o u r s e ,  t h e  p r e s e n t  one ,  

t h e  a v a i l a b i l i t y  o f  t h e  c o u r s e  was w e l l  enough k n w n  t h a t  a  t o t a l  o f  

f o r t y  a p p l i e d  a n d  o f  t h a t ,  t n i r t y - o n e  s t u d e n t s  f i n a l l y  were a c c e p t e d .  

The  c o m p o s i t i o n  o f  t h e  class i s  t r u l y  i n t e r n a t i o n a l  a n d  meets much 

more c l o s e l y  t h e  c o n c e i v e d  r e g i o n a l  p a r t i c i p a t i o n .  T h e  class c o n s i s t s  

o f :  

18 s t u d e n t s  frorn T h a i l a n d  

3 s t u d e n t s  f rom I n d o n e s i a  

2 s t u d e n t s  f rom Nepal 

1 s t u d e n t  f rom t h e  R e p u b l i c  o f  C h i n a  

1 s t u d e n t  f rom t h e  P h i l i p p i n e s  

1 s t u d e n t  f rom Korea  

1 s t u d e n t  f rom V i e t  Nam 

1 s t u d e n t  f rom p a k i s t a n  

Twenty o f  t h e s e  s t u d e n t s  are s u p p o r t e d  by 

USAID/AIT, o n e  by t h e  Royal  T h a i  A i r  F o r c e ,  t h r e e  by t h e  F o r d  

F o u n d a t i o n ,  t h r e e  by ESCAP/USAID, a n d  t w o  by ESCAP. 

S t r u c t u r e  o f  t h e  C u r r i c u l m  -- 

The  c u r r i c u l u m  w a s  d e s i g n e d  t o  c o v e r ,  i n  a 

c o m p r e h e n s i v e  f a s h i o n ,  v i r t u a l l y  a l l  a s p e c t s  o f  t h e  f i e l d  o f  remote 

s e n s i n g .  The  c o u r s e  i s  s t r u c t u r e d  t o  p r o v i d e  t o  i t s  p a r t i c i p a n t s ,  a n  

e d u c a t i o n  i n  t h e  f i e l d ,  o n e  t h a t  i s  b r o a d  enough t o  grow i n t o  

l e a d e r s h i p  p o s i t i o n s  i n  t h e i r  r e s p e c t i v e  c o u n t r i e s  i n  t h e  r e m o t e  

s e n s i n g  a c t i v i t i e s  o f  t h e i r  home a g e n c i e s .  The  t r a i n i n g  i n  t e c h n i q u e s  



i s  s u p p o r t e d  by l e c t u r e s  on t h e o r y .  S u f f i c i e n t  t i m e  i s  a l l o w e d  f o r  

a p p l i c a t i o n  of l e s s o n s  l e a r n e d  t o  e x c e r c i s e s  t h a t  a r e  examples of 

" r e a l - w o r l d "  r e s o u r c e  problems. The f o l l o w i n g  i s  an a b b r e v i a t e d  

l i s t i n g  of t h e  c u r r i c u l u m  ( t h e  f u l l  c u r r i c u l u m  o u t l i n e  i s  i n c l u d e d  i n  

Annex I V ) .  

I .  Fundamentals of  R e m o t e  Sens ing  

D e f i n i t i o n  and  Purpose  of Remote S e n s i n g  

E l e c t r o m a g n e t i c  R a d i a t i o n  

I n s t r u m e n t a t i o n  f o r  R e m o t e  Sens ing  

Fundamental C h a r a c t e r i s t i c s  of  Image D a t a  

11. F i e l d  I n v e s t i g a t i o n s  t o  Suppor t  R e m o t e  Sensor  Data  

Scope and Purpose  

F i e l d  Approaches 

F i e l d  Study i n  R e m o t e  S e n s i n g  A p p l i c a t i o n s  

F i e l d  S t u d i e s  R e l a t i n g  t o  Thermal and  
Microwave R e m o t e  S e n s i n g  

111. V i s u a l  A n a l y s i s  of  R e m o t e  S e n s o r  D a t a  

Phi losophy and  Techn iques  of Image I n t e r p r e t a t i o n  

Pho tograph ic  S e n s o r s  

Photo  Measurements 

A p p l i c a t i o n s  of  V i s u a l  I n t e r p r e t a t i o n  

I V .  Radar Remote S e n s i n g  

P r i n c i p l e s  

The S y n t h e t i c  A p e r t u r e  Radar System 

I n t e r p r e t a t i o n  of  Radar Imagery 

A p p l i c a t i o n s  of  Radar R e m o t e  S e n s i n g  Da ta  



V. Computer Ana ly s i s  of Remotely Sensed Data 

Fundamentals of Image Enhancement 

Fundamentals of P a t t e r n  Recogni t ion  

Applying the Q u a n t i t i v e  Approach 

V I .  Computerized Geographic  I n fo rma t ion  Systems 

Impor tan t  C h a r a c t e r i s t i c s  of Geographic  
I n fo rma t ion  Systems 

Methods Used t o  D i g i t i z e  Data  

Bas i c  S t o r a g e  and Map Concepts  

Bas ic  Ana ly s i s  

A p p l i c a t i o n  of G I s  Technology t o  S i t e  a  New Town 

G I s  Ana ly s i s  Models 

The deg ree  of  emphasis  g iven  each component of t h e  

c o u r s e  r e f l e c t s  t h e  complexi ty  of  t h e  m a t e r i a l ,  t h e  background of  t h e  

p a r t i c i p a n t s ,  and t h e  j u d g m n t  of t h e  s t a f f  i n  de te rmin ing  t h e  

v i t a l  e l ements  of  remote s e n s i n g  b o t h  a t  i t s  p r e s e n t  l e v e l  of 

development i n  t h e  p a r t i c i p a t i n g  c o u n t r i e s ,  and i t s  a n t i c i p a t e d  usage  

i n  t h e  f u t u r e .  While some segments of t h e  cou r se  a r e  interwoven w i t h  

o t h e r s  th roughout  t h e  t e r m  -- caus ing  t h e  t i m e  devoted t o  each becomes 

d i f f i c u l t  t o  a s s e s s  -- an  approximat ion of t i m e  s p e n t  on each item is  

a s  fo l lows :  

F ive  weeks on t h e  v i s u a l  imagery, how it i s  
acqu i r ed ,  a n a l y s i s  and a p p l i c a t i o n ;  

. seven weeks on computer p r o c e s s i n g  of Landsat  
d i g i t a l  imagery; 

. about  t w o  weeks on r a d a r  and geograph ic  based  
i n fo rma t ion  systems.  

The l a t t e r  i t e m  r e f l e c t s  "p l an"  more t h a n  

" r e a l i t y "  as t h e  geograph ic  based  i n fo rma t ion  sys tem equipment i s  now 

i n  t h e  p r o c e s s  of be ing i n s t a l l e d  dur ing  t h e  c o u r s e  of i n v e s t i g a t i o n s  



conduc ted  by t h i s  review team. The s t a t e d  p l a n  i s  t o  i n t e g t a t e  t h e  

GIS work w i t h  d i g i t a l  a n a l y s i s .  T h i s  i s  a v a l i d  approach c o n s i d e r i n g  

t h a t  d a t a  d e r i v e d  from computer p r o c e s s i n g  are v i t a l  i n f o r m a t i o n  

i n p u t s  t o  a  s p a t i a l  i n f o r m a t i o n  sys tem.  

A d e s c r i p t i o n  of  some of  t h e  d e t a i l s  o f  t h e  

c u r r i c u l u m ,  shown i n  broad o u t l i n e  form above, w i l l  d e m o n s t r a t e  t h e  

comprehensive and  i n t e n s i v e  n a t u r e  o f  t h e  c o u r s e .  The f o l l o w i n g  a r e  

examples ( u s i n g  head ings  from t h e  o u t l i n e  above)  : 

V i s u a l  I n t e r p r e t a t i o n :  A l l  o f  t h e  u s u a l  

t e c h n i q u e s  a r e  t a u g h t  f o r  a n a l y s i s  o f  v i s u a l  imagery (both ae r i a l  

pho tography  and s a t e l l i t e  images ) .  A c q u i s i t i o n  o f  t h e s e  s k i l l s  i s  

v i t a l  b o t h  t o  program g r a d u a t e s  from t h e  c o u n t r i e s  (or  some a g e n c i e s  

w i t h i n  g e n e r a l l y  more advanced c o u n t r i e s )  l a c k i n g  d i g i t a l  a n a l y s i s  

c a p a b i l i t i e s ,  and  t h o s e  who w i l l  u s e  v i s u a l  imagery i n  s u p p o r t  o f  

d i g i t a l  a n a l y s i s .  

F i e l d  I n v e s t i g a t i o n s .  F u l l  awareness  i s  t a u g h t  of 

t h e  r o l e  t h a t  remote  s e n s e d  d a t a  h a s  t o  p l a y  w i t h i n  t h e  c o n t e x t  of  

s u p p o r t i n g  i n f o r m a t i o n ,  maps, s t a t i s t i c a l  d a t a ,  ground f i e l d  s u r v e y s ,  

a n d  s u r f a c e  ( " g r o u n a " )  t r u t h .  T h i s  c o n c e p t u a l  approach is  v i t a l .  I t  

e f f e c t i v e l y  d e m o n s t r a t e s  t h a t  remote  s e n s i n g  i s  n o t  t o  be t h o u g h t  of  

i n  i s o l a t i o n  and a s  a s i n g l e  panacea  b u t  i s  o n l y  a component of  t h e  

t o t a l  s p a t i a l  i n f o r m a t i o n  sys tem of  t h e  t y p e  needed t o  s o l v e  r e s o u r c e  

problems.  

P h o t o g r a p h i c  S e n s o r s .  The s c i e n c e  of  photography 

i s  i n e x t r i c a b l y  bound w i t h  t h e  t e c h n i q u e s  and t o o l s  o f  remote  s e n s i n g .  

A c o m n  omiss ion  i n  remote s e n s i n g  t r a i n i n g  i s  t h e  development of  a n  



u n d e r s t a n d i n g  o f  p h o t o g r a p h i c  t h e o r y  a n d  how t h a t  knowledge c a n  be 

a p p l i e d  t o  s e l e c t i o n  o f  methods f o r  t h e  a c q u i s i t i o n  of  remote s e n s e d  

i n f o r m a t i o n .  

Rada r  R e m o t e  S e n s i n q .  An a w a r e n e s s  o f  r a d a r  

remote s e n s i n g  -- a n d  i t s  possible a p p l i c a t i o n  i n  o f t e n  c l o u d - c o v e r e d  

t r o p i c a l  a r e a s  -- i s  p r o p e r l y  i n c l u d e d  i n  t h e  c o u r s e .  T h i s  t y p e  of  

a w a r e n e s s  i s  a v a l u a b l e  component o f  t h e  e d u c a t i o n  ( a s  o p p o s e d  t o  t h e  

t r a i n i n g )  o f  t h e  p a r t i c i p a n t s  a n d  c o u l d  s e r v e  them w e l l  i n  t h e  f u t u r e  

when r a d a r  imagery c o u l d  be more r e a d i l y  a v a i l a b l e .  

P a t t e r n  R e c o g n i t i o n .  P a t t e r n  r e c o g n i t i o n  t h e o r y  

i s  a n  e x t r e m e l y  complex body o f  k n w l e d g e  b u t  a  v i t a l  o n e  l y i n g  a t  t h e  

h e a r t  o f  deve lopmen t  o f  t r u e  u n d e r s t a n d i n g  o f  t h e  p r i n c i p l e s  o f  remote 

s e n s i n g .  C la s s room l e c t u r e s ,  s u p p o r t e d  by l a b o r a t o r y  d e m o n s t r a t  i o n s ,  

a r e  v i t a l  t o  t h e  a t t a i n m e n t  o f  a n  a d e q u a t e  e d u c a t i o n  i n  t h e  f i e l d .  I t  

h e l p s  t h e  p a r t i c i p a n t s  t o  d e v e l o p  t h a t  a l l  i m p o r t a n t  s e n s e  o f  t h e  

spectral  c h a r a c t e r  o f  t h e  l a n d s c a p e  f o r  it i s  i n  t h i s  t h a t  compu te r  

p r o c e s s i n g  o f  s a t e l l i t e  d i g i t a l  d a t a  is  so p r o f o u n d l y  d i f f e r e n t  t h a n  

t h e  common s p a t i a l  r e l a t i o n s h i p s  u n d e r s t o o d  a n d  u s e d  i n  t h e  

i n t e r p r e t i o n  o f  v i s u a l  imagery .  The c o u r s e  c a n  make o n l y  l i m i t e d  

i n r o a d s  i n t o  t h i s  complex s u b j e c t .  T r u e  u n d e r s t a n d i n g  comes o n l y  t o  

t h o s e  w h o  h a v e  worked i n t e n s i v e l y  i n  compu te r - a ided  p r o c e s s i n g  f o r  

c o n s i d e r a b l e  periods o f  t i m e .  

G e o g r a p h i c  Based I n f o r m a t i o n  Sys t ems .  

Compu te r i zed ,  g e o g r a p h i c  b a s e d  i n f o r m a t i o n  s y s t e m s  h o l d  p r o m i s e  o f  

a l l w i n g  f u l l  c o n t r o l  and  u s a g e  o f  a l l  s p a t i a l  d a t a ,  b o t h  t h a t  s e n s e d  

r e m o t e l y  a n d  t h a t  c o l l e c t e d  i n  o t h e r  ways. V i s u a l  s p a t i a l  i n f o r m a t i o n  

s y s t e m s  ( i n  t h e  form o f  map o v e r l a y s )  h a v e  e x i s t e d  f o r  a  l o n g  t i m e  b u t  



a r e  l i m i t e d  by t h e  a b i l i t y  of t h e  u s e r  t o  comprehend very  many 

p a t t e r n s  i n t e r a c t i v e l y  and r e s u l t s  a r e  slow and d i f f i c u l t  t o  d e r i v e .  

Computers p r e s e n t  a  means f o r  hand l i ng  t h e  extremely l a r g e  number of 

d a t a  p o i n t s  r e q u i r e d  t o  ach i eve  s u f f i c i e n t l y  f i n e  r e s o l u t i o n  i n  an 

a r e a  of i n t e r e s t .  The i n c l u s i o n  of t heo ry  and methods of deve lop ing  

and us ing  a  G I s  -- w h i l e  ahead of i t s  time -- is, n e v e r t h e l e s s ,  p a r t  

of  a  s o l i d  body of knowledge on which t h e  g r adua t e s  can l a t e r  draw. 

Computer P r o c e s s i n g  o f  - S a t e l l i t e  D i g i t a l  Data . 
The m o s t  impor tan t  c o r i t r i b u t i o n  t o  t h e  a c q u i s i t i o n  of knowledge of 

remote s ens ing  i s  t h e  i n t e n s i v e  t r a i n i n g  i n  d i g i t a l  p r o c e s s i n g  be ing  

g iven  i n  t h i s  t h i r d  term of t e ach ing .  Only through t h e  u s e  of  d i g i t a l  

p r o c e s s i n g  can  maximum u s e  of  d a t a  from Landsat  ( and  o t h e r  e a r t h  

r e s o u r c e s  s a t e l l i t e s  -- i n c l u d i n g  f u t u r e  French o r  J apanese  o n e s )  b e  

made. Th i s  t r a i n i n g  i s  e s s e n t i a l  t o  the s t u d e n t s  who w i l l  r e t u r n  t o  

t n e i r  agenc ies ,  a s  it g i v e s  them bo th  a p r a c t i c a l  and t h e o r e t i c a l  b a s e  

which which t h e y  can e n t e r  t h e  wor ld  of d i g i t a l  p roce s s ing .  T h e i r  

knowledge i s  an e s s e n t i a l  i n g r e d i e n t  i n  any program of a c q u i s i t i o n  of 

d i g i t a l  d a t a  hand l i ng  c a p a b i l i t i e s .  Many of  t h e  c o u n t r i e s  -- 
i n c l u d i n g  Tha i l and  -- have  some d i g i t a l  p r o c e s s i n g  f a c i l i t i e s  

a v a i l a b l e  n w  and many more will be acqu i r ed  in t h e  f u t u r e ,  

p a r t i c u l a r l y  a s  computer c a p a b i l i t i e s  a r e  expected  t o  r i se  by s e v e r a l  

o r d e r s  of magnitude and a t  lower r e l a t i v e  cost. Some o b s e r v e r s  have 

q u e s t i o n e d  t h e  a p p r o p r i a t e n e s s  of AIT' s emphasis on d i g i t a l  a n a l y s i s  

a s  compared w i t h  c o u r s e  t i m e  devoted t o  v i s u a l  a n a l y s i s  t echn iques .  

t h e  team cons ide r ed  t h i s  problem of accommodation and concluded t h a t  

v i s u a l  a n a l y s i s  i s  we 11-covered, b u t  t h a t  grounding i n  d i g i t a l  

a n a l y s i s  was impor t an t  even f o r  t r a i n e e s  from c o u n t r i e s  n o t  y e t  i n  

p o s i t i o n  t o  u se  t h e s e  t e chn iques .  Lacking t h i s  grounding would amount 



t o  a s e r i o u s  h a n d i c a p  c o n s t r a i n i n g  t h e  a b i l i t y  o f  t h e s e  c o u n t r i e s  t o  

advance  t h e i r  t e c h n i q u e s  f o r  f u l l  e x p l o i t a t i o n  o f  t h e  p o t e n t i a l i t i e s  

o f  remote s e n s i n g .  

7 . 3  f i n d i n g s  and Recommendations 

Examinat ion  of  a l l  a s p e c t s  o f  t h e  d e s i g n ,  o r g a n i z a t i o n ,  and  

f u n c t i o n i n g  o f  t h e  As ian  Reg iona l  R e m o t e  T r a i n i n g  C e n t e r ' s  program w a s  

conduc ted  th rough  t h e  media of  i n t e r v i e w s  of s t a f f  members, i n t e r v i e w s  

of RTG agency s t a f f  members who had r e l a t i o n s h i p s  w i t h  t h e  program, 

a n d  r e f e r e n c e  t o  c u r r i c u l u m  and  o t h e r  documents. S e v e r a l  clear 

f i n d i n g s  r e s u l t e d  from t h e s e  a c t i v i t i e s .  

F i n d i n g  One: - The g e n e r a l  program f o r  t r a i n i n g  a t  ARRSTC i s  

c o n c e p t u a l l y  sound.  A need h a s  e x i s t e d  and w i l l  c o n t i n u e  t o  e x i s t  

i n a e f  i n a t e l y  f o r  h i g h - q u a l i t y  e d u c a t i o n  (as opposed s imply  t o  

t r a i n i n g  o f  t e c h n i c i a n s )  i n  t h e  remote s e n s i n g  a s p e c t s  o f  t h e  

a c q u i s i t i o n ,  a n a l y s i s ,  and a p p l i c a t i o n  of s p a t i a l  d a t a  c o v e r i n g  a  

v a r i e t y  o f  problems common t o  n a t i o n s  o f  the r e g i o n .  

Recommendation. The c o n c e p t  o f  t h i s  approach t o  remote 

s e n s i n g  needs  t o  be  con t inued .  The t r a i n i n g  program i s  b a r e l y  under  

way i n  t h e  form i n  which it w a s  des igned .  The team recommends t h a t  

AID/W s h o u l d  s t a r t  c o n s i d e r i n g  n w ,  i n  1983, t h e  p o s s i b l e  e x t e n s i o n  o f  

t h e  ARRSTC p r o j e c t  beyond 1985.  The grand d e s i g n  s imply  needs  more 

t i m e  t o  b e a r  f r u i t .  Educa t ion  programs, by n a t u r e ,  have  long-term 

p a y o f f s  t h a t  are s l aw t o  be r e a l i z e d .  Gradua tes  o f  t h e  program n e e d  

t i m e  t o  r ise t o  p o s i t i o n s  o f  i n f l u e n c e  i n  t h e i r  home c o u n t r i e s  b e f o r e  

any f i n a l  a s s e s s m e n t s  can  be made. 



F i n d i n g  Two. - The  f u l l  d e s i g n  o f  t h e  t r a i n i n g  c o u r s e  was  n o t  

a d h e r e d  t o  I n  t h e  f i r s t  t w o  t e r m s  ( f r o m  Augus t ,  1982  t h r o u g h  A p r i l ,  

1 9 8 3 ) .  A v a r l e t y  o f  r e a s o n s  p r e c l u d e d  t h e  s t a f f  f r om f o l l o w i n g  t h e  

p r o j e c t  p l a n .  Reasons  a r e :  (1)  d e l a y s  i n  e n g a g i n g  s t a f f  members a n d  

b r i n g i n g  them t o  T h a i l a n d  r e s u l t e d  i n  t h e  f i r s t  t e r m  commencing o n l y  

a few d a y s  a f t e r  a r r i v a l  i n - c o u n t r y  o f  some o f  t h e  s t a f f ;  ( 2 )  

i n s u f f i c i e n t  tde w a s  a l l a r e d  f o r  c u r r i c u l u m  d e v e l o p m e n t  ( t h e  s t a f f  

d rew l a r g e l y  f rom t h e i r  p r e v i o u s  e x p e r i e n c e s  a t  h a v i n g  g i v e n  s h o r t  

c o u r s e s  a n d  workshops  i n  t h e  U S  b u t  d i d n ' t  h a v e  t l m e  t o  " t a i l o r "  t h e i r  

wares s p e c i f i c a l l y  f o r  a l oca l  a u d i e n c e ) ;  ( 3 )  n o t  a l l  t h e  r e q u i r e d  

e q u i p m e n t  h a d  a r r i v e d  a n d  s o m e  t h a t  h a a  w a s  n o t  y e t  o p e r a t i o n a l ;  (4) 

t h e  d i g i t a l  p r o c e s s i n g  s y s t e m  was i n  a s t a t e  o f  c h a n g e  b e c a u s e  o f  t h e  

i n t r o d u c t i o n  o f  new compu te r  e q u i p m e n t  a n d  t h e  c o n v e r s i o n  f rom o n e  set 

o f  s o f t w a r e  t o  a n o t h e r ;  ( 5 )  a r r a n g e m e n t s  h a d  n o t  b e e n  made t o  a c q u i r e  

s u p p o r t i n g  v i s u a l  i m a g e r y ,  p a r t i c u l a r l y  of  t r o p i c a l  e x a m p l e s  ( D r .  Gary 

J o h n s o n  f o r t u n a t e l y  h a d  t h e  f o r e s i g h t  t o  b r i n g  a f a i r  q u a n t i t y  o f  

v i s u a l  e x a m p l e s  f r o m  h i s  t e c h n o l o g y  t r a n s f e r  j o b  w i t h  t h e  EROS Data 

C e n t e r .  Even t hough  t n e  e x a m p l e s  a re  g e n e r a l l y  f r om U S  e n v i r o n m e n t s ,  

t h e y  a re  s e r v i n g  as  t h e  o n l y  e x a m p l e s  o f  c e r t a i n  phenomena a v a i l a b l e ) ;  

( 6 )  a r r a n g e m e n t s  f o r  a d m i n i s t r a t i v e  s u p p o r t  f o r  t h e  t e a c h i n g  s t a f f  had 

n o t  b e e n  made -- o n l y  r e c e n t l y  h a s  a n  a d m i n i s t r a t i v e  s t r u c t u r e  b e e n  

e s t a b l i s h e d  ( D r .  Kaew Nualchawee  i s  Director a n d  D r .  Buddy A t w e l l  i s  

A s s o c i a t e  Director);  a n d  ( 7 )  t h e  r e l a t i o n s h i p s  be tween  t e a c h i n g  s t a f f ,  

t h e  A s i a n  I n s t i t u t e  o f  T e c h n o l o g y ,  a n d  at well hail and were n o t  

d e l i n e a t e d  c l e a r l y  enough  t o  a v o i d  c o n f u s i o n  on t h e  p a r t  o f  t h e  

t e a c h i n g  s t a f f .  



Recommendation. D i f f i c u l t i e s  of a slow s t a r t  f o r  t h e  

program a n a  i t s  slow p r o g r e s s  t award  r e a c h i n g  c o n c e p t u a l  g o a l s  s h o u l d  

be viewed as "growing p a i n s "  and  t o  b e  e x p e c t e d  i n  a n  e n d e a v o r  of  t h i s  

sor t .  Some s o l u t i o n s  t o  t h e  problems i d e n t i f i e d  above  have  been 

r e a c h e d ;  o t h e r s  have  been w e l l  i d e n t i f i e d  -- s u c h  as t h e  s h o r t a g e  of 

v i s u a l  s u p p o r t  data.  Some mvemen t  t q w a r d  t h e i r  s o l u t i o n  i s  

underway. 

F i n d i n g  Three .  S e v e r a l  r e l a t e d  problems c o n c e r n i n g  

f u n c t i o n i n g  o f  t h e  program s u r r a c e d  a u r i n g  t h e  c o u r s e  of  t h e  

i n v e s t i g a t i o n .  Some were v o i c e d  by g r a d u a t e s  o f  t h e  program, a s  

cr ic i t ism.  The mst commnly  h e a r d  w a s  t h a t  f o r  some s t u d e n t s ,  t h e  

program h a d  t h e  wrong d e g r e e  o f  emphas is ;  some p a r t s  were too 

e l e m e n t a r y  ( r e l d h i v e  t o  t h e i r  background a n d  p r e v i o u s  t r a i n i n g ) ,  and  

i 
some p a r t s  were too c o m p l i c a t e d  and  d e s e r v e d  more t i m e .  t h e s e  k i n d  of  

comments w e r e  t o  b e  e x p e c t e d  c o n s i d e r i n g  t h e  v a r y i n g  e x p e r i e n c e  l e v e l s  

of t h e  p a r t i c i p a n t s .  S k i l l  and  e d u c a t i o n  r a n g e d  a l l  t h e  way from 

advanced  d e g r e e s  i n  d i s c i p l i n e s  ( w i t h  s t r o n g  emphas i s  i n  remote 

s e n s i n g )  a t  l e a d i n g  c e n t e r s  i n  t h e  U .S., t h r o u g h  on- the-  job t r a i n i n g  

i n  A s i a  in some elements of aerial photo-interpretation. 

A s e c o n d  ma jo r  conce rn  w a s  t h a t  t h e  c o u r s e  o f  s t u d y  was n o t  

a n  i n t e g r a l  p a r t  of t h e  academic  programs a t  AIT ( t h a t  i s  e i t h e r  

i n t e r a c t i n g  w i t h  a d e g r e e  program or  l e a d i n g  t o  a d e g r e e  i n  r emote  

s e n s i n g ) .  These  were e x p r e s s e d  even  though t h e  P r o j e c t  P a p e r  s t a t e d  

( p a g e  9 )  t h a t  " t n e  C e n t e r  p l a n s  t o  b e g i n  by t e a c h i n g  o n l y  one- te rm ( 3  

t o  4 months d u r a t i o n )  s p e c i a l  c o u r s e s  d u r i n g  t h e  f i r s t  y e a r  t o  

maximize f l e x i b i l i t y  t o  r e s p o n d  t o  i n d i v i d u a l  r e q u i r e m e n t s .  " The 



q u e s t i o n  o f  t h e  remote  s e n s i n g  program e v o l v i n g  i n t o  a  more 

t r a d i t i o n a l  u n i v e r s i t y  e d u c a t i o n  form i n  t h e  n e a r  f u t u r e  is ,  however, 

a  key q u e s t i o n .  

A t h i r d  r e l a t e u  problem, b u t  o n e  encoun te red  o n l y  d u r i n g  

t h i s  p r e s e n t  t e r m ,  i s  t h e  l i m i t a t i o n  o f  c l a s s  s i z e  t o  a  number t h a t  

would be well-matched t o  t h e  complex n a t u r e  o f  t h e  s u b j e c t .  The mode 

o f  i n s t r u c t i o n  b e i n g  a  f o r e i g n  language t o  most of  t h e  s t u d e n t s ,  adds 

t o  t h e  problem of t h e  l i m i t e d  number of  s o p h i s t i c a t e d ,  expens ive  

p i e c e s  of equipment.  The s i z e  of t h e  p r e s e n t  c l a s s  ( 3 0  s t u d e n t s )  i s  

c l e a r l y  t o o  l a r g e  a  number t o  h a n d l e  e f f e c t i v e l y .  The a t t a i n m e n t  of 

t h e  r e q u i s i t e  s k i l l s  by t h e  s t u d e n t s  c a n  come o n l y  by f a c u l t y  m e m b e r s  

p e r s o n a l l y  g u i d i n g  them i n  a n a l y s i s  t e c h n i q u e s .  

Recommendation. A l l  o f  t h e  r e l a t e d  problems s t a t e d  above 

c o u l d  be o b v i a t e d  by changing t h e  fundamenta l  'L- t r u c t u r e  of t h e  program 

from t h a t  of a  s i n g l e  t r a i n i n g  c o u r s e  t o  a  comprehensive,  t r a d i t i o n a l ,  

U n i v e r s i t y - l i k e  program of r e l a t e d  c o u r s e s .  The u s e  of such a  program 

( a  s u g g e s t e d  d e s i g n  i s  g iven  below) would, because  of  g r e a t l y  expanded 

f l e x i b i l i t y ,  p e r m i t  t h e  o f f e r i n g  of  c o u r s e s  of  t h e  a p p r o p r i a t e  

e x p e r i e n c e  l e v e l  f o r  a l l  o f  t h e  s t u d e n t s .  T h o s e  w i t h  n o  backg round  

c o u l d  b e  d i r e c t e d  i n t o  t h e  b a s i c  courses .  Those w i t h  s k i l l  i n  a  

d i s c i p l i n e  and e x p e r i e n c e  i n  some a s p e c t s  of  remote  s e n s i n g  ( e . 9 .  

a e r i a l  p h o t o  i n t e r p r e t a t i o n )  would t a k e  c o u r s e s  i n  more s o p h i s t i c a t e d  

g e n e r a l  remote  s e n s i n g  methods and s p e c i f i c  a p p l i c a t i o n s  of 

methodology i n  the i r  d i s c i p l i n e s .  The b roaden ing  of  t h e  number of  

c o u r s e  o f f e r i n g s  would, p robab ly ,  have  t h e  e f f e c t  of r e d u c i n g  c l a s s  

s i z e .  F i n a l l y ,  t h e  s t r u c t u r e  e n v i s i o n e d  here c o u l d  be employed t o  

d e v e l o p  t h e  o f f e r i n g  of a  d e g r e e  o r  diploma program. O r g a n i z a t i o n  of 



t h e  o f f e r i n g s  i n  s u c h  a way would f u r t h e r  e n s u r e  t h a t  t h e  program 

would n o t  be t a k e n  o v e r  by some e x i s t i n g  academic  d e p a r t m e n t  a t  A I T  

b u t  would remain  a n  autonomous u n i t ,  o n e  t h a t  would b e  r e c o g n i z e d  i n  

t h e  r e g i o n  i n  a c c o r a a n c e  w i t h  t h e  o r i g i n a l  s p e c i f i e d  d e s i g n .  

The  f o l l o w i n g  s u g g e s t e d  program d e s i g n  makes t h e  a s s u m p t i o n  

t h a t  t h e  academic  v a l u e  o f  t h e  p r e s e n t  c o u r s e  ( c o n s i d e r i n g  i t s  f u l l -  

t i m e  1 4  week s t r u c t u r e )  i s  w o r t h  a p p r o x i m a t e l y  t w e l v e  t r a d i t i o n a l  

c r e d i t  h o u r s  ( a l l o w i n g  f o r  l a b o r a t o r y  c o u r s e s  w i t h  t h e i r  w e i g h t e d  

v a l u e s ,  s t u d e n t s  are engaged  i n  classroom i n s t r u c t i o n  a n d  l a b o r a t o r y  

work f o r  a b o u t  30 h o u r s  a  week) .  T h i s  a s s u m p t i o n  forms t h e  basis f o r  

s u g g e s t i n g  o f f e r i n g  a program o f  n i n e  c o u r s e s ,  each o f  which would be 

a t r a d i t i o n a l  four -hour /week  u n i v e r s i t y - t y p e  c o u r s e .  A g i v e n  s t u d e n t  

s t u d e n t  would be  e x p e c t e d  t o  t a k e  t h r e e  c o u r s e s  i n  a g i v e n  term. 

T h o s e  t h a t  would come t o  A I T  f o r  o n l y  o n e  t e r m  c o u l d  t a k e  a " t a i l o r e d "  

program o f  t h r e e  c o u r s e s  a n d  a c h i e v e  t h e  same t o t a l  credit  as e x i s t s  

i n  t h e  p r e s e n t  c o u r s e .  Some s t u d e n t s ,  assuming  t h a t  a desire e x i s t e d  

a n d  t h a t  f u n d i n g  were a v a i l a b l e ,  c o u l d  t a k e  a s t r u c t u r e d  series o f  

n i n e  c o u r s e s  o v e r  t h e  p e r i o d  of  t h r e e  terms and  be awarded a g r a d u a t e  

d ip loma  i n  remote s e n s i n g  a n d / o r  c r e d i t s  t oward  a d i s c i p l i n e - b a s e d  

Masters d e g r e e .  A s t u d e n t  c o u l d  e a r n  a nomina l  36 trimester c r e d i t  

h o u r s  ( 2 4  semester h o u r s ) .  The  s u g g e s t e d  program d e s i g n  i s  as 

f o l l o w s :  



C o u r s e  F i r s t  Term Second Term T h i r d  Term 

A i r  P h o t o  I n t e r p r e t a t i o n  X X X 

S a t e l l i t e  V i s u a l  
X X X 

Imagery I n t e r p r e t a t i o n  

Computer P r o c e s s i n g  o f  
X X X 

S a t e l l i t e  D i g i t a l  D a t a  

DISCIPLIAE APPLICATIONS 

F o r e s t r y  X 

A g r i c u l t u r e  X 

Land-Use P l a n n i n g  X 

M i n e r a l s  & Geology X 

~ n v ~ r o n m e n t a l  Haza rds  X 

Hydrology X 

D i r e c t e d  S t u d y  X X X 

~ h e s i s / ~ r o  ject X X X 

X = p o s s i b l e  s c h e d u l i n g  of  c o u r s e  o f f e r i n g s  

D e t e r m i n a t i o n  would h a v e  t o  be made by program p l a n n e r s  o n  

f r e q u e n c y  o f  o f f e r i n g  o f  e a c h  c o u r s e .  A r e v i e w  o f  e x i s t i n g  and 

p o t e n t i a l  demand would have  t o  be maae. F a c u l t y  s t a f f i n g  would h a v e  

t o  be p l a n n e d  a n d  possible i n t e r - r e l a t o n s h i p s  w i t h  r e s e a r c h  p r o j e c t s  

by s t a f f  m e m b e r s  would h a v e  t o  be programmed. 

Many more r e s e a r c h  a n d  a p p l i c a t i o n  s t u d i e s  would r e s u l t  f rom 

a d o p t i o n  o f  t h i s  s u g g e s t e d  program because :  (1) s o m e  s t u d e n t s  would 

be a s s o c i a t e d  w i t h  t h e  program f o r  up  t o  o n e  y e a r  and;  ( 2 )  some o f  t h e  



s t u d e n t s  would be a t  advanced l e v e l s  b o t h  i n  t h e i r  d i s c i p l i n e s  and i n  

t h e i r  r e m t e  s e n s i n g  a p p l i c a t i o n  s k i l l s .  A f u r t h e r  p l u s  would be 

synerg i sm between t h e s e  advanced s t u d e n t s  and f a c u l t y  m e m b e r s .  

F i n d i n g  Four.  The e x i s t i n g  s o f t w a r e  packages  a c c e s s i b l e  on t h e  

IBM 370/3031 a r e  n o t  i d e a l l y  s u i t e d  t o  a  s t a t e d  m i s s i o n  o f  t h e  C e n t e r  

t o  t e a c h  d i g i t a l  a n a l y s i s  o f  Landsat  d a t a .  Ga in ing  an  u n d e r s t a n d i n g  
I 

of t h e  problem r e q u i r e s  more t h a n  j u s t  a s i m p l e  examina t ion .  The 

r e a d e r ' s  i n d u l g e n c e  i s  r e q u e s t e d  f o r  t h e  f o l l w o i n g  n e c e s s a r i l y  

t e c h n i c a l  d i s c u s s i o n  on t h e  c h a r a c t e r i s t i c s  of  t h e  problem. 

The a n a l y s i s  s o f t w a r e  package h a v i n g  t h e  w i d e s t  e x p o s u r e  i n  

T h a i l a n d  -- a  s i g n i f i c a n t  number o f  T h a i  government agency remote  

s e n s o r s  have  been  t r a i n e d  i n  t h e  sys tem -- i s  a program c a l l e d  RECOG. 

T h i s  program, o r i g i n a l l y  a  v e r s i o n  of  a  once  " s t a t e - o f - t h e - a r t "  
/ 

program d e v e l o ~ d  a t  t h e  L a b o r a t o r y  f o r  A p p l i c a t i o n s  o f  R e m o t e  S e n s i n g  

(LARS) a t  Purdue  U n i v e r s i t y ,  had  been p l a c e d  on a computer  a t  C o l o r a d o  

S t a t e  U n i v e r s i t y  ( t h i s  a d o p t i o n  w a s  f a c i l i t a t e d  by long- term t i e s  

between LARS s t a f f  and CSU). The program w a s  s u b s e q u e n t l y  impor ted  t o  

T h a i l a n d  by CSU Ph.D. Kaew Nualchawee. Because of  n e c e s s a r y  

m o d i f i c a t i o n  i t  w a s  ex tended ;  t h i s  change w a s  r e f l e c t e d  a d d i n g  a 

s u f f i x  t o  t h e  name making it RECOG-X. The program w a s  i n s t a l l e d  o n  

t h e  A I T  IBM 370 and,  i n  a n o t h e r  m d i f i e d  v e r s i o n ,  a t  Chula longkorn  

U n i v e r s i t y  where it i s  c a l l e d  CU-RECOG-X. 

The  program, b e i n g  somewhat o ld - fash ioned ,  i s  n o t  ve ry  " u s e r  

f r i e n d l y .  " I n s t e a d  of e n j o y i n g  t h e  b e n e f i t s  o f  modern sys tems  

( i n c l u d i n g  t h e  p o p u l a r  p e r s o n a l  v e r s i o n s )  t h a t  have  CRT s c r e e n  

prompts ,  menus, a n a  t h e  f a c i l i t y  f o r  t h e  o p e r a t o r  t o  make changes  

b e f o r e  e n t e r i n g  t h e  command mode, commands a r e  g i v e n  t h r o u g h  t h e  

medium of  punch c a r d s .  "Jobs"  are  t h e n  r u n  i n  a " b a t c h "  mode. T h i s  



means t h a t  t h e  f i r s t  time t h e  a n a l y s t  sees t h e  r e s u l t s  of  i n p u t  e f f o r t  

t h e y  a r e  i n  t h e  form of  l i n e  p r i n t e r  o u t p u t .  Accord ing ly ,  an a n a l y s t  

spends  a g r e a t  d e a l  o f  t i m e  away from t h e  c o n p u t e r  t e r m i n a l  p l o t t i n g  

t h e  n e x t  s t e p ,  p r e p a r i n g  punch c a r d s ,  and a n a l y z i n g  o u t p u t  from 

p r e v i o u s  " r u n s . "  I n t e r a c t i v e  modes are f a r  p r e f e r a b l e  ( i n d e e d ,  

Purdue U n i v e r s i t y  h a s  l o n g  s i n c e  abandoned i t s  e a r l i e r  method and 

t o d a y  h a s  f u l l y  i n t e r a c t i v e  sys tems  ) . 
The u s e  of  t h i s  n o n - i n t e r a c t i v e  sys tem i s  e s p e c i a l l y  a  d e t r i m e n t  

t o . t h e  t e a c h i n g  o f  t e c h n i q u e s .  The s t u d e n t  i s  u n a b l e  t o  see q u i c k l y  

t h e  r e s u l t s  of  v a r y i n g  s t a g e s  o f  t h e  a n a l y s i s  p r o c e s s .  For  i n s t a n c e ,  

much of t h e  s u c c e s s  o f  t h e  p r o c e s s i n g  p r o c e d u r e  i s  dependen t  on t h e  

a b i l i t y  t o  see g r a p h i c  e x p r e s s i o n s  of  t h e  d e g r e e  of s u c c e s s  o f  

" c l u s t e r i n g "  d a t a  p o i n t s  o f  s p e c t r a l l y  s i m i l a r y  s u r f a c e  f e a t u r e s  ( t h e  

m o s t  s i g n i f i c a n t  p r i n c i p l e  o f  t h e  e n t i r e  p r o c e s s  i s  t h a t  o f  

i d e n t i f y i n g  " s p e c t r a l  s i g n a t u r e s "  o f  items of i n t e r e s t  on t h e  e a r t h ' s  

s u r f a c e  t h a t  are as d i s c r e t e  as p o s s i b l e ) .  The o l d - f a s h i o n e d  way i s  

t o  a n a l y z e  t a b l e s  o f  d a t a  showing d e g r e e s  of " s e p a r a b i l i t y "  o f  

" c l u s t e r s "  o f  d a t a  or  by r e v i e w i n g  p r i n t - o u t  v e r s i o n s  o f  h i s t o g r a m s .  

T h e  spec i f ic  r e l a t ed  p r o b l e m  a t  ARRSTC i s  t ha t ,  w h i l e  RECOG-X i s  

i n s t a l l e d  a n d  u s a b l e  on  t h e  I B M  37u/3031, it canno t  t a k e  advange o f  

t h e  v i s u a l  p e r i p h e r a l s  t h a t  t h e  sys tem f e a t u r e s .  Indeed ,  t h e  I B M  370- 

3031, th rough  i t s  IBM-deve loped  DIMAPS program c o n c e n t r a t e s  i t s  

e f f o r t s  i n  t n e  d i g i t a l  enhancement f o r  t h e  p r o d u c t i o n  o f  v i s u a l  

p r o d u c t s  and n o t  on d i g i t a l  analysis/classification. 

While t h e  DIMAPS program d e f i n i t e l y  h a s  t h e  edge o v e r  RECOG-X i n  

ease of u s e  th rough  i t s  i n t e r a c t i v e  f a c i l i t y ,  t h e  case f o r  a c c u r a c y  

and  d e t a i l  i n  t h e  c l a s s i f i c a t i o n  o f  a s e l e c t e d  area of L a n d s a t  v i s u a l  



d a t a  i s  a  d i f f e r e n t  s t o r y .  An a s i d e  i n t o  t h e  fundamentals  of t h e  

computer p r o c e s s i n g  sys tem is  r e l e v a n t .  The computer-aiaed p r o c e s s i n g  

o f  d a t a  i n t o  a  u s e f u l  map of s u r f a c e  f e a t u r e s  of  i n t e r e s t  (depending 

on  t h e  n a t u r e  of t h e  i n q u i r y )  c o n s i s t s  of t w o  b a s i c  s t e p s .  The f i r s t  

( o n c e  p r e l i m i n a r i e s  of r e g i s t r a t i o n  t o  Known p o i n t s  on t h e  e a r t h ' s  

s u r f a c e  have been accompl ished)  i s  t o  e x t r a c t  a  s i g n a t u r e  t h a t  i s  

c l o s e  t o  being unique a s  p o s s i b l e  f o r  a  p a r t i c u l a r  item of i n t e r e s t  

( e . g .  a  p a r t i c u l a r  c rop ,  a  c o n d i t i o n  of  t h e  f o r e s t ,  a  land-use,  e t c .  ) .  

T h i s  is  ach ieved  through t h e  p r o c e s s  of " c l u s t e r i n g "  energy 

r e f l e c t a n c e  v a l u e s  f o r  t n e  f o u r  bands of t h e  e l e c t r o m a g n e t i c  l i g h t  

spect rum;  each of t h e  f o u r  bands on Landsa t ,  a s  r e c o r d e d  by t h e  

m u l t i s p e c t r a l  scanner ,  h a s  a  d i s c r e t e  number a long  a  g ray  s c a l e  

continuum f o r  each a n a  every  p i c t u r e  element  ( p i x e l )  of which t h e  

s c e n e  is composed. The d i s c r i m i n a t i n g  of  t h e s e  c l u s t e r s  of l i k e  

v a l u e s  is t r a d i t i o n a l l y  done i n  o n e  of  two ways or a  combinat ion of 

t h e  two. One i s  t h e  " s u p e r v i s e d "  method i n  which t h e  a n a l y s t  

demarca tes  a r e a s  on t h e  v i s u a l  image t h a t  h e / s h e  views a s  be ing  

s p e c t r a l l y  horrmgeneous and r e p r e s e n t i n g  some f e a t u r e  of i n t e r e s t .  

These  v a l u e s  ( i n  t h e  form of  " t r a i n i n g  f i e l d s " )  a r e  t h e n  g iven  t o  t h e  

computer which t h e n  p l a c e s  a l l  such  a r e a s  encountered  on t h e  image 

i n  t h a t  pre-determined c l a s s .  The o p p o s i t e  of t h i s  t e c h n i q u e  i s  t h e  

" u n s u p e r v i s e d "  approach i n  which a  sampl ing  of t h e  d a t a  is  examined 

and s u b j e c t e d  t o  c l u s t e r i n g  a l g o r i t h m s .  The r e s u l t i n g  c l u s t e r s  a r e  

t h e n  examined, v i s - a - v i s  t h e  r e a l  wor ld ,  t o  see what, i n  f a c t ,  t h e y  

r e p r e s e n t .  C l a s s e s  a r e  t h u s  d e r i v e d .  A t h i r d  o p t i o n ,  t h e  p r e f e r r e d  

on, is  t h e  combinat ion o f  t h e  two. I n  t h i s  method, l i k e l y  a r e a s  

( t r a i n i n g  f i e l d s )  a r e  f i r s t  d e l i m i t e d  and t h e n  t h e  unsuperv i sed  

c l u s t e r i n g  a l g o r i t h m  is s e t  t o  work on t h e  v a l u e s  w i t h i n  t h e s e  f i e l d s .  



Clustering resu l t s  are  thus controlled t o  a  much f iner  degree than i s  

possible with random sampling of the  data. The values a re  then 

examined s t a t i s t i c a l l y  t o  determine the  "tightness" or the  c lus te rs ;  

modification, re-clustering, and several  other steps can be taken t o  

improve the  discreteness of the  c lusters .  

Once the c lus te rs  a re  refined, the  analyst can, then s e t  about t o  

"classify" the  image. Stated s implis t ical ly ,  the  c lus te rs  form 

"bins" i n t o  which values from each picture element (p ixe l )  can be 

placed ( "c l a s s i f i ed" ) .  The exact means i s  a  c lass i f ica t ion  algorithm. 

Several have been developed over the  years. Some are  simple, some 

extremely complex. RECOG-X, fortunately,  has one of the  best  

c lass i f ica t ion  algorithms, the  maximum likelihood c l a s s i f i e r .  

Unfortunately, t he  DIMAPS sysbem has one of the weakest, the  

parallelpiped c l a s s i f i e r .  Au ho r i t i e s  agree tha t  the  maximum 

likelihood c l a s s i f i e r  yields good re su l t s  and tha t  the  parallelpiped 

system does not make those f ine  d is t inc t ions  i n  character t h a t  a re  

essent ia l  i f  the  analyst is t o  achieve the  required high levels of 

accuracy. 

The resul t  of a l l  of t h i s  i s  t h a t  ARRSTC has two s ignif icant ly  

d i f fe ren t  systems each with i t s  peculiar s e t  of advantages and 

disadvantages. The RECOG-X system, with i t s  good c l a s s i f i e r ,  can 

yie ld  good qual i ty  r e su l t s  i n  an operational mode but is  harder t o  use 

and does not take advantage of the  I B M ' s  capabi l i t ies  in  in te rac t ive  

visual  aids. DIMAPS, because of i t s  a t t r ac t ive  color TV in te rac t ive  

terminals, i s  well-designed fo r  teaching but produces much poorer 

c lass i f ica t ion  r e su l t s  (par t ly  because it makes no provision for  

unsupervised clustering and par t ly  because of i t s  weak c l a s s i f i e r )  so  



t h a t  i t s  u s e  i n  r e s o l v i n g  r e s o u r c e  p rob l ems  i s  l i m i t e d .  T h e  s y s t e m ,  

by t h e  way, i s  aDout  o n  a p a r  w i t h  t h e  Image 1 0 0  s y s t e m  ( t h a t  a l so  

u s e s  s u p e r v i s e d  c l u s t e r i n g  a n d  a p a r a l l e l p i p e d  c l a s s i f i e r )  ; The  

P h i l i p p i n e s  bough t  o n e  s e v e r a l  y e a r s  ago .  

T h e  c o n s e q u e n c e s  o f  c o n t i n u i n g  t h e  p r e s e n t  s i t u a t i o n  c o u l d  be 

e x t r e m e l y  damaginy t o  t h e  t r a i n i n g  p rog ram i n  s e v e r a l  ways. F i r s t ,  

a n d  mos t  i m p o r t a n t ,  s t u d e n t s  l e a r n i n g  d i g i t a l  p r o c e s s i n g  u s i n g  DIMAPS 

w i l l  g a i n  t h e  i m p r e s s i o n  t h a t  t h e  r e s u l t s  h a v e  s u c h  a l o w  l e v e l  o f  

a c c u r a c y  t h a t  t h e y  are  u n u s a b l e  i n  t n e  s o l u t i o n  o f  r e s o u r c e  p rob l ems .  

They w i l l  p r o b a b l y  f e e l  t h a t  t h e  s y s t e m  i s  c o l o r f u l ,  e v e n  f u n  t o  u s e ,  

b u t  p r o d u c e s  r e s u l t s  t h a t  are n o t  as  u s e f u l  as t h o s e  g a i n e d  f rom 

i n t e r p r e t a t i o n  o f  v i s u a l  images .  Upon r e t u r n i n g  home, h a v i n g  t h i s  

a t t i t u d e ,  t h e y  w i l l  f a v o r  v i s u a l  means o f  a n a l y s i s .  I f  t h e y  a re  i n  

e x p e c t e d  p o s i t i o n s  o f  a u t h o r i t y ,  t h e y  c o u l d  prescribe t h e  u s e  o f  

v i s u a l  d a t a  o n l y .  The c a u s e  o f  d i g i t a l  p r o c e s s i n g ,  w i t h  a l l  i t s  

i n h e r e n t  o p p o r t u n i t i e s ,  w i l l  be se t  back  i n  A s i a  f o r  y e a r s  t o  come. A 

s e c o n d  d i s a d v a n t a g e  o f  u s i n g  I B M ' s  DIMAPS p r o c e s s i n g  s y s t e m  is t h a t  

t h e r e  are  b u t  t w o  or t h r e e  o f  t h e s e  s y s t e m s  anywhere  i n  t h e  w o r l d .  

Any mach ine  p r o c e s s i n g  ARRTSC g r a d u a t e s  would do, would  p r o b a b l y  be 

o n  some o t h e r  c l a s s i f i c a t i o n  s y s t e m .  A f u r t h e r  problem w i t h  t h e  

DIMAPS is i t s  l a c k  o f  a b i l i t y  i n  the  p r e - p r o c e s s i n g  o f  L a n d s a t  d a t a .  

W i t h o u t  t h i s  f e a t u r e ,  s u c h  da ta  m a n i p u l a t i o n  as  g e o m e t r i c  c o r r e c t i o n  

o f  L a n d s a t  s c e n e s  a n d  t h e  r e g i s t e r i n g  o f  t w o  images  o f  d i f f e r e n t  dates 

c a n n o t  be a c h i e v e d .  

One o t h e r  s o f t w a r e  p a c k a g e  a v a i l a b l e  a t  AIT r e q u i r e s  p a s s i n g  

m e n t i o n .  T h i s  package ,  ERMIN 11, h a s  many o f  t h e  d e s i r e d  f e a t u r e s  b u t  

c a n n o t  e a s i l y  be u s e d  on  t h e  mach ine  b e c a u s e  it r e q u i r e s  t w o  o p e r a t i n g  

s y s t e m s .  



Recommendations. Considering t h a t  t h e  c h o i c e  of  t h e  best 

compu te r  p rogram i s  t h e  l y n c h p i n  t o  s u c c e s s  o f  t h e  d i g i t a l  t r a i n i n g  

e f f o r t ,  some p o s i t i v e  a c t i o n  must  be t a k e n  t o  r e c t i f y  t h e  e x i s t i n g  

s i t u a t i o n .  S e v e r a l  o p t i o n s  a r e  p o s s i b l e ,  each  w i t h  a d v a n t a g e s  and  

d i s a d v a n t a g e s .  The f i r s t  would be t h e  h i r i n g  o f  proyrammers  t o  add 

t h e  v e r y  i m p o r t a n t  u n s u p e r v i s e d  c l u s t e r i n g  a n d  t h e  maximum l i k e l i h o o d  

c l a s s i f i e r  t o  t h e  e x i s t i n g  DIMAPS program.  T h e s e  a d d i t i o n s  would 

r e s u l t  i n  a combina t ion  of  t h e  best o f  b o t h  DIMAPS a n d  RECOG-X. The 

magn i tude  of t h e  t a s k s  -- manpower and  t i m e  -- are  n o t  k n w n  b u t  t h e  

p r e s u m p t i o n  i s  made t h a t  the job  would r e q u i r e  a t  leas t  t w o  f u l l - t i m e  

programmers  work ing  a t  AIT a c o n s i d e r a b l e  p e r i o d  o f  t i m e ,  s a y  o n e  

y e a r ,  t o  c o m p l e t e  t h e  job. A s econd  o p t i o n  would be t h e  a d d i t i o n  of 

v i s u a l  p e r i p h e r a l s  t o  t h e  RECOG-X s y s t e m .  T h i s  wo~41.d p r o b a b l y  be more 

d i f f i c u l t  t h a n  t h e  f i r s t  o p t i o n .  A t h i r d  o p t i o n  w ;I u l d  be t o  p u r c h a s e  

a " s t a t e - o f - t h e - a r t "  mini-computer  s y s t e m  d e d i c a t e d  t o  remote s e n s i n g  

d i g i t a l  a n a l y s i s  and  i n s t a l l  it a t  AIT. A m a c h i n e / p e r i p h e r a l  s y s t e m  

would  h a v e  t o  be selected t h a t  i n c l u d e d  t h e  d e s i r e d  e l e m e n t s  -- h i g h  

powered  p r o c e s s i n g ,  and  i n t e r a c t i v e  c a p a b i l i t y  t o  f a c i l i t a t e  t e a c h i n g .  

One a d v a n t a g e  of t h i s  approach t o  the problem is t h a t  ARRTC would n o t  

be d e p e n d e n t  o n  A I T ' s  main f rame,  a machine whose u s e  by o t h e r  

d e p a r t m e n t s  on  t h e  campus w i l l  p r o b a b l y  i n c r e a s e  i n  t h e  f u t u r e .  A 

f u r t h e r  a d v a n t a g e  would be c o m p a t i b i l i t y  w i t h  ( p r o v i d i n g  t h e  same 

s y s t e m  w a s  selected) any  remote s e n s i n g  dedicated computer  t h a t  t h e  

RTG may a c q u i r e  i n  the f u t u r e .  A f i n a l  o p t i o n ,  and  a n  u n a c c e p t a b l e  

o n e ,  is t h e  c o n t i n u a t i o n  o f  t h e  p r e s e n t  s y s t e m  i n  which t e a c h i n g  o f  

p r i n c i p l e s  o f  d i g i t a l  p r o c e s s i n g  c a n  be done  t h r o u g h  t h e  i n t e r a c t i v e  

DIMAPS b u t  s e r i o u s  p r o j e c t  work would  b e  done  t h r o u g h  u s e  of  t h e  



obsolete RECOGO-X. T h i s  o p t i o n ,  w h i l e  b a r e l y  s a t i s f a c t o r y  a t  t h e  

moment, would n o t  f u l f i l l  t h e  b r o a d  d e s i g n  a n d  g o a l s  o f  t h e  who le  

remote s e n s i n g  t e c h n o l o g y  t r a n s f  er project.  

F i n d i n q  F i v e .  The ARRSTC h a s  n o t  y e t  f u l f i l l e d  t h e  o t h e r  t w o  o f  

t h e  o r i g i n a l l y  s t a t e d  th ree  p u r p o s e s  ( P r o j e c t  P a p e r ,  page  2 ) ,  namely: 

" d e m o n s t r a t e  t h e  u s e f u l n e s s  o f  remote s e n s i n g  i n  deve lopmen t  p l a n n i n g ,  
I 

a s  w e l l  as r e s o u r c e  management, a n d  ass is t  i n  p l a n n i n g ,  a s  r e q u e s t e d  

by A s i a n  u s e r  a g e n c i e s ,  w i t h  a view toward  t h e  C e n t e r ' s  becoming a n  

i n t e g r a l  p a r t  o f  t h e  A s i a n  I n s t i t u t e  o f  Techno logy" .  While t h e s e  

c h a r g e s  are  a  l i t t l e  ambiguous,  the  o b v i o u s  t h r u s t  i s  t h a t  r e s e a r c h  

a n d  a p p l i c a t i o n  projects  w i l l  be c o n d u c t e d  by ARRSTC p e r s o n n e l .  One 

e x p e r i m e n t  i s  k n w n  t o  h a v e  been  c o n d u c t e d  by a P u r d u e - t r a i n e d  

r e s e a r c h e r  f rom t h e  Lnad Development  Agency s e v e r a l  y e a r s  a g o  ( l o n g  

b e f o r e  t h e  p r e s e n t  t e a c h i n g  s t a f f  came a b o a r d ) .  The r e s u l t s  w e r e  

e x c e l l e n t ,  p r o v i d e d  u s e f u l ,  a c c u r a t e  d a t a .  More a l o n g  t h e  l i n e  o f  t h e  

a n t i c i p a t e d  i s  t h e  r e c e n t l y  awarded  p r o j e c t e d  (NESDB t o  AIT) t o  

c o n d u c t  a  d i g i t a l  a n a l y s i s  s t u d y  o f  i r r i g a t i o n  t a n k s  i n  n o r t h e a s t  

T h a i l a n d .  T h i s  p r o j e c t ,  w i t h  D r .  Buddy A t w e l l  a s  p r i n c i p a l  

i n v e s t i g a t o r ,  w i l l  u s e  a l l  p o s s i b l e  a n a l y s i s  means a t  t h e  C e n t e r  t o  

map a n d  m e a s u r e  s u r f a c e  a r e a  o f  t h e s e  t a n k s  ( f r o m  which  volume c a n  b e  

i n f e r r e d ) .  How w e l l  t h e  a v a i l a b l e  p r o c e s s i n g  p a c k a g e s  w i l l  be a b l e  t o  

p e r f o r m  t h e  s p e c i f i e d  p r o j e c t  t a s k s  r ema ins  t o  b e  s e e n .  

Recommendation. A c c e p t i n g  t h a t  t h e  t a s k  o f  c o n d u c t i n g  r e s e a r c h  

p r o j e c t s  is a  r e s p o n s i b i l i t y  a n d  d e s i r a b l e  o b l i g a t i o n  of t h e  C e n t e r ,  

t h e  team recommends t h a t  mre o f  s u c h  projects b e  i n i t i a t e d .  I d e a l l y ,  

these s h o u l d  b e  c o n d u c t e d  by s t u d e n t s  f rom c o u n t r i e s  i n  t h e  r e g i o n  

u s i n g  p rob lems  f rom t h e i r  c o u n t r i e s .  To d o  so w i l l  r e q u i r e  t h e  



b r i n g i n g  o f  p e r i p h e r a l  i n f o r m a t i o n  t o  t h e  C e n t e r ,  s u c h  as a e r i a l  

p h o t o g r a p h y ,  maps, a n a  g r o u n d  t r u t h .  T h i s  mode of  o p e r a t i o n  f o l l o w s  

t h e  commn prac t ice  a t  U b  t r a i n i n g  c e n t e r s .  

A more s p e c i f i c  recommendat ion i s  t h a t  p r o d u c i n g  d i g i t a l  a n a l y s i s  

o f  h i g h - q u a l i t y  f o r  t h e  r e g i o n  r e q u i r e s  r e s o l v i n g  t h e  compu te r  

prograrnndng p rob l em s t a t e d  i n  t h e  p r e v i o u s  s e c t i o n .  G u a r a n t e e i n g  h i g h  

q u a l i t y  a n a l y s i s  i s  e s s e n t i a l  t o  t h e  a d v a n c e  o f  r e m o t e  s e n s i n g  as a 

p r o b l e m - s o l v e r  i n  t he  r e g i o n .  



8.0 TECHNOLOGY TRANSFER 

8.1 Impe tu s  a n d  RTG I n t e r e s t  -- 
The  i m p e t u s  f o r  t h e  i n i t i a t i o n  o f  s a t e l l i t e  remote s e n s i n g  

p r o g r a m s  came f rom s c i e n t i s t s  a t  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l .  High 

l e v e l  p o l i t i c a l  s u p p o r t  was g a i n e d  u n d e r  t h e  e x p e c t a t i o n  t h a t  L a n d s a t  

d a t a  would p r o v i d e  T h a i l a n d  w i t h  c r o p  p r o d u c t i o n  i n f o r m a t i o n .  

Wha teve r  p o l i t i c a l  a n d  o t h e r  f a c t o r s  may h a v e  c o n t r i b u t e d  t o  t h e  

s t r e n g t h  o f  T h a i l a n d ' s  i n t e r e s t  i n  remote s e n s i n g  t e c h n o l o g y ,  t h e  

s u b j e c t  i s  nod f i r m l y  i n  t h e  h a n d s  o f  t e c h n i c i a n s  i n  many RTG 

d e p a r t m e n t s ,  a n d  wel l -enough  r e g a r d e d  by RTG b u d g e t  a n d  p l a n n i n g  

a u t h o r i t i e s ,  so t h a t  p r e s e n t  i m p e t u s  a p p e a r s  t o  d e r i v e  f rom g e n u i n e  

" demand". 

8 . 2  Role o f  t h e  USG a n d  RTG: F a c i l i t a t i o n  a n d  H i n d r a n c e  ------ 
T h e  v a r i o u s  ways i n  wh ich  t h e  U . S .  Government  and  RTG 

p r o m t e d ,  a n a  h i n d e r e d ,  t h e  t e c h n o l o g y  t r a n s f e r  p r o c e s s ,  a re  d i s c u s s e d  

t h r o u g h o u t  t h l s  report. The key  c o n t r i b u t i o n  o f  t h e  U.S. h a s  b e e n  t h e  

t r a i n i n g  o f  t h e  cadre o f  T h a i  s c i e n t i s t s  a n d  t e c h n i c i a n s  who a re  i n  

t h e  f o r e f r o n t  o f  t h e  t e c h n o l o g y  i n  T h a i l a n d .  U . S .  f i n a n c i n g  o f  

equipment has been o f  lesser importance,  s i n c e  t h e  amounts  w e r e  not 

l a r g e  a n d  m i g h t  h a v e  been  o b t a i n e d  f rom o t h e r  s o u r c e s  or  o u t  of  t h e  

RTG b u d g e t .  T h e  main " h i n d r a n c e "  o n  t h e  U.S. s i d e  h a s  b e e n  mre i n  

t h e  n a t u r e  of t h e  o m i s s i o n s  ancl t h e  f a i l u r e  t o  i d e n t i f y  p rob l ems  o f  

management a n d  p r o c e s s  w h e r e  t h e  RTG m i g h t  h a v e  b e e n  i n t e r e s t e d  i n  

U .S.  a s s i s t a n c e .  

While o n e  c a n  a l w a y s  i m a g i n e  how more money would h a v e  

p u s h e u  a t e c n n o l o y y  d i f f u s i o n  process a l o n g  f a s t e r ,  t h e r e  i s  l i t t l e  

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



development  of  T h a i l a n d ' s  remote s e n s i n g  c a p a c i t y .  The RTG h a s  made 

s u b s t a n t i a l  o u t l a y s ,  and t h e  v a r i o u s  d e p a r t m e n t s  i n v o l v e d  do n o t  seem 

t o  have  s u f f e r e d  any mre t h a n  t h a n  a v e r a g e ,  p e r h a p s  even a  b i t  less, 

b u d g e t  c o n s t r a i n t  w i t h  r e s p e c t  t o  t h e i r  a p p l i c a t i o n  a c t i v i t y .  The 

s u b j e c t  c a p t u r e d  h i g h - l e v e l  i n t e r e s t  f rom t h e  s t a r t ,  i n c l u d i n g  i n  

NESDB, and  was f a c i l i t a t e d  by e a r l y  c r e a t i o n  of  i n t e r - m i n i s t e r i a l  

c o o r d i n a t i o n .  

On t h e  n e g a t i v e  s i d e ,  a  s e r i o u s  h i n d r a n c e  t h a t  may be 

emerging  now, a c c o r d i n g  t o  N R C ,  i s  t h e  d i s p a r i t y  i n  s a l a r y  s c a l e s  t h e  

RTG a n d  t h e  p r i v a t e  sector o f f e r  f o r  people t r a i n e d  i n  h i g h - t e c h  

s k i l l s ,  e s p e c i a l l y  computer  s k i l l s ,  b u t  a l s o  t h e  p h o t o g r a p h i c  a n d  

o t h e r  p e r i p n e r a l  s k i l l s  r e q u i r e d  f o r  t h e  NRC o p e r a t i o n .  The RTG may 

s t i l l  have  a n  edge i n  t h e  p r e s t i g e  a n d  r e s e a r c h  p o s s i b i l i t i e s  open  t o  
I 

s c i e n t i s t s  a p p l y i n g  remote s e n s i n g  s k i l l s  who a r e  i n  s u p e r v i s o r y  t 
p o s i t i o n s  i n  t h e  b u r e a u c r a c y .  But a t  t h e  t e c h n i c i a n  l e v e l  t h i s  edge  

i s  much mre difficult t o  h o l d .  

8 . 3  Role o f  t h e  P r i v a t e  S e c t o r  --- 
A s  n o t e d  e a r l i e r ,  t h e  I B M  equ ipmen t  l o a n  t o  t h e  A I T  R e g i o n a l  

Computing C e n t e r  was a n  i m p o r t a n t  c o n t r i b u t i o n  t o  t h e  r e g i o n a l  remote 

s e n s i n g  t r a i n i n g  c e n t e r .  IaM's p r i n c i p a l  g a i n  came n o t  from the 

p r o f i t  o f  t h e  s a l e  of  sys t em p e r i p h e r a l s  b u t  r a t h e r  f rom enhanced  

c o r p o r a t e  "image" a n d  t h e  l i k e l i h o o d  o f  f u t u r e  s a l e s  t o  c o u n t r i e s  

whose s c i e n t i s t s  l e a r n e d  remote s e n s i n g  d i g i t a l  p r o c e s s i n g  on  I B M  

equipment .  They wanted  t h e  s t u d e n t s  t o  " t h i n k  b l u e .  " 

U n f o r t u n a t e l y ,  f o r  ARRSTC, IBM'x g e n e r o s i t y  i n  c o n t r i b u t i n g  

a  L a n d s a t  d i g i t a l  p r o c e s s i n g  s o f t w a r e  package  (DIMAPS) h a s  c a u s e d  t h e  

p rob lems  d e t a i l e d  i n  S e c t i o n  Seven.  The  problem was c r e a t e d  by I B M ' s  

view o f  i t s  h i s t o r i c a l  app roach  t o  t h e  u s e  of  L a n d s a t  d a t a .  The 



company c o n c e n r r a t e d  o n  t h e  v i s u a l  e n h a n c e m e n t  o f  s a t e l l i t e  i m a g e r y  

( p r o d u c i n g  e x c e l l e n t  p r o d u c t s ) .  I t s  c o n t i n u e d  a t t e n t i o n  t o  v i s u a l  

e n h a n c e m e n t  i s  m a n i f e s r e d  by t he  v i s u a l l y  o r i e n t e d ,  u s e r - i n t e r a c t i v e ,  

p e r i p h e r a l s  a t  ARRSTC. DIMAPS, a c c o r d i n g l y ,  i s  w e l l  s u i t e d  t o  v i s u a l  

e n h a n c e m e n t  o f  d a t a  b u t  h a s  s h o r t c o m i n g s  i n  i t s  a b i l i t y  t o  p e r f o r m  

h i g h  q u a l i t y ,  a c c u r a t e  d i g i t a l  p r o c e s s i n g .  

IBM, i n  i t s  a d h e r e n c e  t o  e m p h a s i z i n g  t h e  v i s u a l ,  d i d  n o t  

g i v e  p r o p e r  cons id era ti or^ t o  m e e t i n g  t h e  g o a l s  o f  the  d i g i t a l  

p r o c e s s i n g  e l e m e n t  o f  ARRSTC's t r a i n i n g  p rogram.  The  i s s u e  s h o u l d  

h a v e  b e e n  e x a m i n e a ,  d u r i n g  the  p l a n n i n g  s t a g e ,  by a  d i s i n t e r e s t e d  

d i g i t a l  r e m o t e  s e n s i n g  e x p e r t ,  o n e  w i t h  knowledge  o f  a l l  s o f t w a r e  

p a c k a g e  opt i o n s ,  t h e i r  r e l a t i v e  m e r i t s ,  a n d  t h e i r  r e l a t i o n s h i p s  t o  t h e  

s t a t e d  o b j e c t i v e s  o f  t h e  p r o g r a m .  
I 
1 

I n  t n e  case o f  N K C ,  U.S. a n d  o t h e r  c o r p o r a t i o n s  o f f e r i n g  

c o m p u t i n g  a n d  p r o c e s s i n g  e q u i p m e n t  h a v e  b e e n  v e r y  a c t i v e  i n  

d e m o n s t r a t i n g  t h e i r  w a r e s .  A c c o r d i n g  t o  N R C ,  sa les  p r o m o t i o n  e f f o r t s  

h a v e  b e e n  a  more i m p o r t a n t  s o u r c e  o f  i n f o r m a t i o n  a b o u t  t h e  t e c h n o l o g y  

i n  t h e s e  processes t h a n  t h a t  r e c e i v e d  f r o m  U . S .  g o v e r n m e n t  a g e n c i e s .  

P r i v a t e  sector  c o m p e t i t i o n  a p p e a r s  i n  t h i s  s i t u a t i o n  t o  be a p o s i t i v e  

p a r t  o f  the  t e c h n o l o g y  t r a n s f e r  process, e v e n  i f  s e e n  a s  

"unprogrammed" f r o m  t h e  v i e w p o i n t  o f  m e t h o d i c a l  i n s t i t u t i o n a l  

d e v e l o p m e n t  a t t e m p t e d  by g o v e r n m e n t  d o n o r s .  

8 .4  I m p a c t  o f  U S G  P o l i c i e s  a n d  R e g u l a t i o n s  -- - 
S a t e l l i t e  remote s e n s i n g  p r o g r a m s  i n  T h a i l a n d  a r e  

u n a v o i d a b l y  t i e d  t o  d e c i s i o n s  o f  t h e  few c o u n t r i e s  t h a t  d e v e l o p  a n d  

l a u n c h  s a t e l l i t e  remote s e n s i n g  s y s t e m s .  I n  p a r t i c u l a r ,  c h a n g e s  i n  



and u n c e r t a i n t i e s  abou t  U .S. p o l i c y  r ega rd ing  Landsa t  have caused  some 

d i f f i c u l t y  i n  t h e  t r a n s f e r  of  t h e  technology t o ,  and i t s  adop t i on  by, 

Tha i l and .  

I n  1979, P r e s i d e n t  C a r t e r  committed t h e  Uni ted  S t a t e s  t o  t h e  

c o n t i n u i t y  of Landsa t  d a t a  i n t o  t h e  199U1s,  bu t  p o l i c y  was n o t  

implemented t o  e n s u r e  t h a t  t h i s  commitment would b e  honored.  On t h e  

b a s i s  of t h e i r  b e l i e f  t h a t  Landsa t  d a t a  would be a v a i l a b l e ,  many 

c o u n t r i e s  around t h e  wor ld  have  made s u b s t a n t i a l  i nves tmen t s  i n  

s a t e l l i t e  remote s e n s i n g  technology.  I n  1982, US announced t h a t  t h e  

Landsa t  s a t e l l i t e  series would be t e r m i n a t e d  fo l lowing  t h e  end  of l i f e  

of  Landsa t  D '  i n  1987 o r  1988. 

Landsa t s  4 and D o  a r e  a l s o  supposed t o  p r o v i d e  Themat ic  

Mapper d a t a  t o  f o r e i g n  ground s t a t i o n s .  However, t h e  c a p a b i l i t y  f o r  
I 

send ing  t h e s e  d a t a  t o  ground s t a t i o n s  h a s  f a i l e d  on Landsa t  4 .  ?n 

a d d i t i o n ,  t he  Un i t ed  S t a t e s  h a s  no c u r r e n t  p l a n s  f o r  making MSS d a t a  

a v a i l a b l e  beyond t h e  l i f e t i m e  of  Landsat  D l .  

In  t h e  f a c e  of  changing US p o l i c y  r e g a r d i n g  t h e  f u t u r e  of  US 

s a t e l l i t e  remote s e n s i n g  programs, t h e  Tha i s  canno t  e f f e c t i v e l y  p l a n  

upgrades  of  t h e i r  own s a t e l l i t e  remote s e n s i n g  c a p a b i l i t i e s .  T h i s  

i s  p a r t i c u l a r l y  impor t an t  w i t h  r e s p e c t  t o  t h e  c o n t i n u i t y  of  MSS d a t a  

which u s e r s  a r e  now beg inn ing  t o  f u l l y  a ccep t ,  and Themat ic  Mapper 

d a t a  which when a v a i l a b l e  would p rov ide  a  quantum l e a p  i n  t h e  a b i l i t y  

o f  u s e r s  t o  make e f f e c t i v e  u se  of s a t e l l i t e  d a t a .  

8 . 5  T h a i l a n d ' s  Adap t ive  Research Capac i ty  

One measure of s u c c e s s  of t h e  technology t r a n s f e r  p r o c e s s  is 

t h e  e x t e n t  t o  which A I T  and NRC, and o t h e r  RTG agenc i e s ,  have  

developed a  c a p a c i t y  f o r  a d a p t i v e  r e s e a r c h  i n  t h e  a r e a  of remote 

sens ing .  The NRC Remote Sens ing  D i v i s i o n  i s  charged w i t h  t h e  



r e s p o n s i b i l i t y  t o  ass i s t  RTG u s e r  a g e n c i e s  t h r o u g h  c o o r d i n a t i o n  o f  

research, e l i m i n a t i o n  or m i n i m i z a t i o n  o f  d u p l i c a t i v e  research 

a c t i v i t i e s ,  a n a  t o  p r o v i d e  f u n d i n g  f o r  a d a p t i v e  r e s e a r c h .  The  NRC h a s  

a  b u d g e t  (RTG f u n u s )  of 1,L)Ou1000 B a h t  f o r  a d a p t i v e  r e s e a r c h  i n  1981-  

8 2 .  They r e c e i v e d  a p p r o x i m a t e l y  2 0  a p p l i c a t i o n s  a n d  a re  p r e s e n t l y  

f u n d i n g  1 2  p r o j e c t s .  I n  1980-&1,  t h e y  r e c e i v e d  1 2  a p p l i c a t i o n s  and  

f u n d e d  3 .  C l e a r l y  a  c a p a c i t y  f o r  r e s e a r c h  e x i s t s ,  it i s  b e i n g  f u n d e d  

d i r e c t l y  by t h e  RTG,  a n d  i s  i n c r e a s i n g  i n  volume. 

I n  a  s i m i l a r  v e i n ,  AIT i s  i n c l u d e d  i n  t h e  a d a p t i v e  r e s e a r c h  

p r o c e s s .  R e c e n t l y ,  t h e  NLSDB r e q u i r e d  i n f o r t n a t i o n  r e g a r d i n g  t h e  

e x t e n t  a n a  t i m e  r a t e  o f  change  o f  s u r f a c e  water impounded i n  N . E .  

T h a i l a n a  a n d  r e q u e s t e d  t h i s  i n f o r m a t i o n  f rom t h e  R o y a l  I r r i g a t i o n  

D e p a r t m e n t .  When t h e  R I i J  w a s  u n a b l e  t o  p r o v i d e  t h e  i n f o r m a t i o n ,  N E S D B  

a p p r o a c h e a  t h e  ARRSTC. T h i s  r e s u l t e d  i n  a 7 , 0 0 0 , 0 0 0  B a h t  18-month 

c o n t r a c t  t o  AIT t o  p r o v i d e  t h e  r e q u i r e d  i n f o r m a t i o n .  T h i s  project  

i n d i c a t e s  A I T ' s  w i l l i n g n e s s  a n d  a p p a r e n t  c a p a c i t y  t o  u n d e r t a k e  s u c h  

a c t i v i t y  . 
8 . 6  R e m o t e  S e n s i n g  - a n d  O t h e r  T e c h n o l o q y  T r a n s f e r  P r o c e s s e s  

Whi l e  t h e  team d i d  i d e n t i f y  areas where new RTG p o l i c i e s  o r  

a c t i v i t i e s  were s e t  i n  m t i o n  by i n f o r m a t i o n  d e v e l o p e d  f rom 

a p p l i c a t i o n  o f  remote s e n s i n g  d a t a ,  w e  d i d  n o t  l e a r n  o f  any  other 

t e c h n o l o g y  c h a n g e s  or  new t e c h n o l o g i e s  b e i n g  i n t r o d u c e d  i n t o  T h a i l a n d  

as  a  l i n k a g e  e f f e c t  f rom remote s e n s i n g .  

8 . 7  Techno logy  T r a n s f e r  a n d  - P r i v a t e  I n v e s t m e n t  

T h e  a p p l i c a t i o n s  t o  p a r t i c u l a r  projects  ( l i k e  t h e  Lam Narn 

Oon e x a m p l e ) ,  o r  t o  p l a n t i l l y  t i m e  r e commenda t i ons  t o  f a r m e r s ,  or o t h e r  

a c t i v i t i e s  t h a t  improve  f a rm  income p o t e n t i a l ,  c o u l d  a l l  leaa t o  t h e  



w i d e s p r e a d  b u t  i n d i v i d u a l l y  s m a l l  i n v e s t m e n t s  o f  f a r m  f a m i l i e s  i n  

t h e i r  own p r o d u c t i o n  c a p a b i l i t y  t h a t  h a v e  t r a d i t i o n a l l y  c o m p r i s e d  a n  

i m p o r t a n t  f r a c t i o n  o f  p r i v a t e  i n v e s t m e n t  i n  T h a i l a n d .  T h e  team was 

n o t  i n  p o s i t i o n  t o  t race  p r l v a t e  sector e f f e c t s  o f  t h i s  t y p e ,  n o r  d i d  

i t  i d e n t i f y  s p e c i f i c  n a t u r a l  r e s o u r c e  i n v e s t m e n t s .  M i n e r a l  

i n v e s t m e n t s  b a s e d  o n  e x p l o r a t i o n  g u i d e d  by r e m o t e l y  s e n s e d  d a t a  a re  

c e r t a i n  t o  r e s u l t ,  a s s u m i n g  a d d i t i o n a l  commercial deposits  o f  t i n  or 

o t h e r  m i n e r a l s  a r e  i n  f a c t  l o c a t e d .  A t  t h i s  s t a g e ,  many o f  t h e  

p o t e n t i a l  a p p l i c a t i o n s  t h a t  c o u l d  r e s u l t  i n  p r i v a t e  i n v e s t m e n t  impact 

h a v e  b e e n  p r o v e n  o u t  i n  t h e i r  t e c h n i c a l  f e a s i b i l i t y ,  b u t  r e m a i n  t o  be  

a p p l i e d  o n  a p r o g r a m  b a s i s .  

We n o t e  e l s e w h e r e  t h e  s t u d y  b e i n g  d o n e  by t h e  E n v i r o n m e n t a l  

Board of t h e  c o a s t l i n e  p o l l u t i o n  i n  a n  area a l o n g  T h a i l a n d ' s  
I 

p e n i n s u l a r  w e  't. I n  r e c e n t  y e a r s  p r i v a t e  i n v e s t m e n t  i n  t h e  t o u r i s t  "r 
i n d u s t r y  i n  t h i s  a r e a  h a s  b e e n  e x t e n s i v e .  F a i l u r e  t o  i d e n t i f y  a n d  

stem t h i s  p o l l u t i o n  c o u l d  r e s u l t  i n  d e g r a d a t i o n  o f  t h e  a r e a ' s  t o u r i s t  

a t t r a c t i o n  a n d  dampening o f  t h e  i n c e n t i v e  t o  f u r t h e r  i n v e s t m e n t .  

8.8 U s e  of R e m o t e  S e n s i n q  Data a n d  I m p a c t  o n  I n h a b i t a n t s  o f  -- -- - - 

R u r a l  Areas 

A s  a n  i n f o r m a t i o n  s o u r c e  t h a t  f e e d s  i n t o  r e s o u r c e  a n d  

s p a t i a l  p l a n n i n g ,  remote s e n s i n g  t e c h n o l o g y  can  h a v e  p e r v a s i v e  e f f e c t s  

o n  t h e  w e l f a r e  o f  l a r g e  numbers  o f  T h a i s ,  b o t h  r u r a l  a n d  u r b a n ,  a n d  i n  

b o t h  t h e  s h o r t  a n a  l o n g e r  run .  I n  t h e  case o f  f o r e s t r y ,  t h e  g r e a t l y  

h e i g h t e n e d  s e n s e  of  u r g e n c y  t h a t  r e s u l t e d  f r o m  t h e  r a t e  o f  

d e f o r e s t a t i o n  r e v e a l e d  by L a n d s a t  d a t a  has r e s u l t e d  i n  i n c r e a s e d  

e f f o r t s  t o  d i s c o u r a g e  s l a s h  a n d  b u r n  d e f o r e s t a t i o n ,  a n d  may c u m u l a t e  

o v e r  t i m e  i n  e f f o r t s  t h a t  p r e s e r v e  c o n s i d e r a b l e  f o r e s t  area t h a t  wou ld  

o t h e r w i s e  disappear. To a v o i d  n e g a t i v e  e f f e c t s  o f  t h i s  on  t h e  



r e l a t i v e l y  s m a l l  numbers  o f  people each y e a r  who r e s o r t  t o  

d e f o r e s t a t i o n ,  t h e  RTG o f f e r s  a r e s e t t l e m e n t  p rog ram.  F o r  t h e  r u r a l  

p o p u l a t i o n  as a w h o l e  however ,  i n  l a r g e  a r e a s  t h a t  wou ld  u n d e r g o  

p r o f o u n d  a n d  p e r h a p s  irreversible c h a n g e  i n  watershea c o n d i t i o n s  a n d  

other e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  related t o  f o r e s t  c o v e r ,  t h e  

e f f e c t s  o f  mre v i g o r o u s  p o l i c y  would  be w i d e l y  a n d  p r o f o u n d l y  

b e n e f i c i a l .  

I f  c u r r e n t  m i n e r a l  e x p l o r a t i o n  e f f o r t s  u s i n g  r e m o t e  s e n s i n g  

d a t a  t o  i d e n t i f y  p r o m i s i n g  areas r e s u l t  i n  f i n d s  t ha t  are c o m m e r c i a l l y  

e x p l o i t e u ,  employment  and  income wou ld  be created f o r  r u r a l  

i n h a b i t a n t s .  The  AID-ass is ted  projects c i t ed  a b o v e  are  e x a m p l e s  o f  

l o c a l  area a p p l i c a t i o n s  b e n e f i c i a l  t o  i d e n t i f i a b l e  commun i t i e s .  

A number o f  t h e  research p r o j e c t s  t h a q  h a v e  e x p l o r e d  

1 p o t e n t i a l  a p p l i c a t i o n s  h a v e  shown t h e  f e a s i b i l i t y  o f  u s e s  t h a t  would  

h a v e  d i rec t  i m p a c t ,  e. g .  the  r u b b e r  p r o d u c t i o n  a s s e s s m e n t  t e c h n i q u e  

t h a t  would r e l a t e  t o  T h a i l a n d ' s  role a n d  p o l i c i e s  w i t h i n  t h e  

i n t e r n a t i o n a l  r u b b e r  c o m m d i t y  a g r e e m e n t ,  o r  t h e  so i l  m o i s t u r e  

a s s e s s m e n t  t h a t  has b e e n  u s e d  by t h e  e x t e n s i o n  d e p a r t m e n t ,  o n  a 

l i m i t e d  s ca l e  t h u s  f a r ,  t o  a d v i s e  f a r m e r s  when t o  t r a n s p l a n t  r i ce  

s e e d i n g s .  The  da t a  u s e d  by t he  R o y a l  I r r i g a t i o n  D e p a r t m e n t  t o  h e l p  

d e t e r m i n e  water l e v e l s  i n  i r r i g a t i o n  r e s e r v o i r s  i s  i m p r o v i n g  t h e  

i n f o r m a t i o n  base f o r  water release d e c i s i o n s .  



9.0 RECOMMENDATIONS AND GUIDELINES 

9 . 1  S h o u l d  A I D  - C o n s i d e r  A F u t u r e  Role i n  R e m o t e  S e n s i n q  i n  - -- - 

T h a i  l a n d  

I n  t h e  f a c e  o f  t h e  u n c e r t a i n t i e s  d i s c u s s e d  a b o v e  s u r r o u n d i n g  

s a t e l l i t e  c o n f i g u r a t i o n s  i n  t h e  1 9 8 0 ' ~ ~  w i t h  e a c h  s a t e l l i t e  a n d  

d a t a  s i g n a l l i n g  t e c h n o l o g y  h a v i n g  d i f f e r e n t  r e q u i r e m e n t s  f o r  g r o u n d  

r e c e i v i n g  a n d / o r  p r o c e s s i n g  e q u i p m e n t ,  t h e  T h a i s  f a c e  n e e d s  f o r  

a d d i t i o n a l  i n v e s t m e n t  t h a t  are d i f f i c u l t  t o  q u a n t i f y  a t  p r e s e n t .  With 

t n e  i n f u s l o n  o f  s i g n i f i c a n t  a i d  f r o m  C I D A ,  a n d  c o n t i n u e d  RTG Budge t  

a u r e a u  confidence i n  t h e  u s e f u l n e s s  o f  t h e  t e c h n o l o g y  a n d  

p r o f e s s i o n a l i s m  o f  t h e  o f f i c i a l s  i n v o l v e d ,  f i n a n c i a l  c o n s t r a i n t s  do 

n o t  a p p e a r  t o  be t h r e a t e n i n g  t o  t h e  c o n t i n u i n g  d e v e l o p m e n t  o f  remote 

s e n s i n g  a p p l i c a t i o n .  On t h e  o ther  h a n d ,  some f i s c a l  s t r i n g e n c y  w i l l  

be f e l t  i n  t h i s  f i e l d  a s  i n  a l l  other areas, so t h a t  a d d i t i o n a l  a i d  

r e s o u r c e s  o n  t h e  m a r g i n  c a n  p l a y  a s i g n i f i c a n t  role. T h e r e  i s  n o  

d o u b t  t h a t  the  RTG commitment t o  c o n t i n u e d  u s e  o f  t h e  remote s e n s i n g  

t e c h n o l o g y  i s  s t r o n g .  

T h e  p r i o r i t y  t h a t  A I D  may a t t a c h  t o  f u t u r e  a s s i s t a n c e  i n  

T h a i l a n d  i n  r e m o t e  s e n s i n g  d e p e n d s  o n  f a c t o r s  b e y o n d  t he  e v a l u a t i o n  

t e a m ' s  scope, r e g a r d i n g  t h e  f u t u r e  d i r e c t i o n  o f  t h e  a s s i s t a n c e  p r o g r a m  

a n d  o t h e r  areas NESDB may w i s h  t o  see e m p h a s i z e d .  A p a r t  f r o m  t h i s  

c o n s t r a i n t ,  t h e  team t h i n k s  t h a t  USAID i n v o l v e m e n t  i n  t h e  f u t u r e  

d e v e l o p m e n t  o f  t h l s  t e c h n o l o g y  s h o u l d  c o n t i n u e  f o r  t h e  f o l l o w i n g  

r e a s o n s :  

1. T h e  US r e m a i n s  t h e  l e a d i n g  c o u n t r y  i n  t h i s  t e c h n o l o g y .  I f  

c o m p a r a t i v e  a d v a n t a g e  i n  t e c h n o l o g i e s  t h a t  t h e  U S  c a n  h e l p  t r a n s f e r  is 

t a k e n  i n t o  a c c o u n t  i n  d e t e r m i n i n g  p r o g r a m  p r i o r i t i e s ,  remote s e n s i n g  



would  e a s i l y  be i d e n t i f i e d  ( i n  c o n t r a s t  t o  s o m e  o ther  t e c h n o l o g i e s  t h e  

m i s s i o n  i s  c u r r e n t l y  w o r k i n g  i n )  a s  a s u b j e c t  where d e l i v e r a t e  

t r a n s f e r  a i d  would be l i k e l y  t o  y i e l d  t h e  h i g h e s t  r e t u r n  f o r  the  

T h a i s .  

2 .  Thai  l i n k a g e s  t o  U S  s c i e n t i s t s  w i l l  r e m a i n  v i t a l  f o r  

m a i n t a i n i n g  mementum i n  t h e  a d o p t i o n  o f  t h i s  t e c h n o l o g y .  The A I D  

p rog ram c a n  p l a y  a f a c i l i t a t i n g  ro l e  i n  t h i s ,  an  a c t i v i t y  t h a t  s h o u l d  

be s e e n  a s  h a v i n g  h i g h  m a r g i n a l  p a y o f f  by c a p i t a l i z i n g  o n  t h e  s t r o n g  

Thai-US r e l a t i o n s h i p s  a l r e a d y  i n h e r e n t  i n  t h e  t r a n s f e r  p r o c e s s .  

3 .  T e c h n i c a l  a s s i s t a n c e  i n  t h e  management o f  a s p e c t s  o f  t h e  

d i f f u s i o n  p r o c e s s  w e  h a v e  i d e n t i f i e d  as  f a l l i n g  short ,  c o u l d  y i e l d  

i m p o r t a n t  b e n e f i t s  t o  t h e  T h a i s  f o r  r e e l a t i v e l y  small  cost  a n d  man- 

m o n t s  o f  U S  i n p u t .  

4.  The  A I D m i s s i o n  w i l l  r e m a i n  an  i m p o r t a n t  f a c t o r  i n  any  c a s e  

a s  i t  m n i t o r s  a n d  a s s i s t s  i n  t h e  i m p l e m e n t a t i o n  o f  t h e  l a r g e  g r a n t  t o  

A I T .  I f  t h e  r e c o n m e n d a t i o n s  w e  are making r e g a r d i n g  c o o r d i n a t i o n  

among d o n o r s  a n a  t h e  e n c o u r a g e m e n t  o f  a s y s t e m a t i c  e x a m i n a t i o n  o f  

e q u i p m e n t  a n d  management n e e d s  a r e  adopted, t h e  m i s s i o n  c a n  be h e l p f u l  

i n  t h e s e  m a t t e r s  e v e n  w i t h o u t  f u r t h e r  c o n t r i b u t i o n  t o  NRC o r  T h a i  

agency  u s e r  c a p a b i l i t i e s ,  t h r o u g h  a t t e n t i o n  t o  r a t i o n a l i z a t i o n  o f  t h e  

roles a n d  r e l a t i o n s y h i p s  be tween  AIT a n d  NRC. Beyond t h a t ,  t h e  

m i s s i o n ' s  p r o m i n e n t  role  a n d  i t s  k n w l e a g e  b a s e  would r e p r e s e n t  

a n o t h e r  l o s t  o p p o r t u n i t y  i f  t h e  p r o g r a m  d i d  n o t  p i c k  u p  some of  t h e  

r o u n d i n g - o f f  s u g g e s t i o n s  made here t h a t  would  be l o g i c a l  f o r  t h e  U S  t o  

u n d e r t a k e  a n d  would k e e p  t he  m i s s i o n  d i r e c t l y  c o n c e r n e d  w i t h  both t h e  

t r a i n i n g  ( A I T )  a n d  p r o d u c t i o n  (NRC) a s p e c t s .  

5. F i n a l l y  ( a s  n o t e d  b e l o w )  t h e  number o f  s e n i o r  t e c h n i c a l  



p e o p l e  and  dec i s ion -maker s  who a r e  d e t e r m i n i n g  t h e  s p e e d  and  

e f f e c t i v e n e s s  of remote  s e n s i n g  t e c h n o l o g y  a p p l i c a t i o n  i s  s m a l l  and  

a l ~ m s t  e n t i r e l y  l o c a t e d  i n  Bangkok. A s  a  r e s i d e n t  m i s s i o n  w i t h  a  l ong  

h i s t o r y  of  s e r i o u s  i n t e r e s t  i n  T h a i  deve lopment ,  and g e n e r a l l y  

e x c e l l e n t  r e l a t i o n s  w i t h  t h e  RTG, USAID c a n  p r o v i d e  t h e  "good o f f i c e s "  

f u n c t i o n  of t h e  o u t s i d e  a d v i s o r  o n  t h e  management and  l i n k a g e  

p rob lems ,  w i t h  t h e  r e s p o n s i b l e  o f f i c e r  a b l e  t o  know a n d  s u s t a i n  

c o n t a c t  w i t h  a l l  t h e  RTG p r i n c i p a l s  i n v o l v e d .  For  t h e  m i s s i o n  t o  p l a y  

t h i s  role, however,  t h e  p r o j e c t  o f f i c e r  whould have  t o  a l l o c a t e  more 

t i m e  t h a n  h a s  been  g i v e n  t o  r e m o t e  s e n s i n g ,  backed  up by o c c a s i o n a l  

i nvo lvemen t  of  m i s s i o n  management. 

9.2 Recommendations - a n d  Technology T r a n s f e r  and  t h e  A I D  Role ---- 
I B e f o r e  examining l e s s o n s  f o r  USAID's r o l e  i n  t e c h n o l o g y  
+I 

t r a n s f e r  i n  g e n e r a l ,  it w i l l  b e  h e l p f u l  t o  set  o u t  c e r t a i n  f e a t u r e s  o f  

t h e  i n s t i t u t i o n a l  a r r angemen t s ,  a i d  r e l a t i o n s h i p s  and t e c h n o l o g y  

t r a n s f e r  t h a t  make t h i s  e x p e r i e n c e  u n u s u a l  compared w i t h  t h e  o r d i n a r y  

r u n  of  A I D  p r o j e c t  and  s h e d  some l i g h t  o n  t echno logy  t r a n s f e r  

a s s i s t a n c e .  

1. The t echno logy  A I D  i s  h e l p i n g  t r a n s f e r  i s  p r o b a b l y  t h e  

" h i g h e s t " ,  i n  t h e  s e n s e  o f  t h e  t e r m  " h i g h - t e c h " ,  o f  a l l  s u b j e c t s  i n  

which t h e  agency i s  p r o v i d i n g  t e c h n i c a l  a s s i s t a n c e .  The agency makes 

n o  p r e t e n s e  t h a t  t h e  s u b j e c t  is  d i r e c t  o r  close t o  p o o r  b e n e f i c i a r i e s .  

R e m o t e  s e n s i n g  i s  o n l y  a  d a t a  s o u r c e ,  o n e  among many, t h a t  f e e d s  i n t o  

i n f o r m a t i o n  and  a n a l y s i s  sys tems.  These  sys t ems  i n  t u r n  f e e d  i n t o  

s e c t o r a l  a n d  t h e n  o v e r a l l  deve lopment  p l a n n i n g  p r o c e s s e s .  While 

b e t t e r  d a t a  c a n  improve t h e  d e c i s i o n s  t h a t  a f f e c t  ve ry  l a r g e  numbers 



of  p e o p l e ,  t h e  l i n k s  between d a t a  and  d i r e c t  b e n e f i t s  a r e  l o n g  a n d  

o f t e n  d e m o n s t r a b l e  o n l y  i n  a  g e n e r a l  way, even  i f  t h e  b e n e f i t s  o f  

improved knowledge t u r n  o u t  t o  b e  p o w e r f u l .  

2 .  The h i g h - t e c h  n a t u r e  of r emote  s e n s i n g  a l s o  g i v e s  the  

s u b j e c t  a  " p r e s t i g e "  c h a r a c t e r  t h a t  d o e s  n o t  o f t e n  a p p l y  t o  A I D ' S  

s u b j e c t s .  T h i s  o p e n s  up  t h e  p o s s i b i l i t y  t h a t  h o s t  government  

m o t i v a t i o n  t o  a c q u i r e  t h e  t e c h n o l o g y  may i n v o l v e  c o n s i d e r a t i o n s  o t h e r  

t h a n  development  m e r i t .  Of c o u r s e ,  t h e  p r e s t i g e  symbolism o f  space -  

o r i e n t e d  t e c h n o l o g y  s a y s  n o t h i n g  i n  i t s e l f  of  t h e  merits o f  t h i s  d a t a  

s o u r c e ,  b u t  s h o u l d  a l e r t  t h e  agency and  governments  t o  t h e  p o s s i b i l i t y  

t h a t  t h e  t r a n s f e r  p r o c e s s  i s  b e i n g  d r i v e n  by t h e  t e c h n o l o g y  r a t h e r  

t h a n  r e s u l t i n g  f rm t h e  needs  of t h e  i n f o r m a t i o n  and  a n a l y s i s  sys t ems  

it is  i n t e n d e d  t o  s e r v e .  T h i s  d a n g e r  s h o u l d  a l so  s e r v e  t o  h e i g h t e n  
I 

A I D ' S  l e v e l  of  a t t e n t i o n  o v e r  t h e  more mundane a s p e c t s  o f  t h e  G r a n s f e r  

p r o c e s s  t h a t ,  i f  d e f i c i e n t ,  c o u l d  g r e a t l y  l i m i t  t h e  d i f f u s i o n  and  

b e n e f i t s  f rom a n  e x p e n s i v e  s u p e r s t r u c t u r e .  

3 .  The t r a n s f e r  p r o c e s s  i t s e l f  h a s  been t r e a t e d  i n  a "top-down" 

manner. T h a t  i s ,  t h e  e s t a b l i s h m e n t  o f  f a c i l i t i e s  f o r  a  new s u p p l y  o f  

d a t a  h a s  assumed t h a t  t h e  demand s i d e ,  or u s e r s ,  w i l l  emerge q u i c k l y  

enough t o  c o m p l e t e  t h e  l i n k s a n d  v a l i d a t e  t h e  c o n f i d e n c e  t h a t  t h e s e  

d a t a  w i l l  n o t  remain  so u n a e r u t i l i z e d  as t o  become a t e c h n o l o g y  i n  

s e a r c h  of  a f u n c t i o n .  The f a c t  t h a t  t h e  remote s e n s i n g  f a c i l i t i e s  -- 
b o t h  t h e  r e c e i v i n g  c e n t e r  and  NRC u n i t ,  and  t h e  r e g i o n a l  t r a i n i n g  

c e n t e r  -- are n o t  i n t e g r a l  t o  u s e r s  ( i n  t h e  c a s e  of  AIT, t h e  remote 

s e n s i n g  f a c i l i t y  i s  a l s o  n o t  i n t e g r a t e d  i n t o  A I T ' s  s u b j e c t  m a t t e r  

d i v i s i o n s ,  b u t  s t a n d s  s e p a r a t e l y  as a s h o r t  c o u r s e  s e r v i c e  f o r  

t e c h n i c a l  p e r s o n n e l ) ,  means t h a t  a c t u a l  a d o p t i o n  and  u s a g e  is  n o t  

i n h e r e n t  i n  t h e  p r o j e c t s  b u t  depends on  o u t s i d e  d e c i s i o n s  and  



p r o c e s s e s .  I n  some c a s e s ,  a s  d e s c r i b e d  above ,  t h i s  two- s t ep  c h a r a c t e r  

h a s  r e s u l t e a  ( t h u s  f a r )  i n  u n d e r u t i l i z a t i o n  o f  t h e  d a t a ;  t h e  

t e c h n o l o g y  i t s e l f  i s  "work ing" ,  b u t  it r e m a i n s  ( f o r  t h e s e  

a p p l i c a t i o n s )  d i s embod ied  a n d  w i t h o u t  impact. 

4. The  t r a n s f e r  p r o c e s s  h a s  been  u n u s u a l  i n  a n o t h e r  respect. 

Adop t ion  i n  T h a i l a n d  o f  t h e  same t e c h n o l o g y ,  h a s  been  e f f e c t e d  t h r o u g h  

t w o  d i f f e r e n t  i n s t i t u t i o n s  a n d  a s  f a r  as A I D ' S  role i s  c o n c e r n e d ,  

t h r o u g h  d i f f e r e n t  b u r e a u c r a t i c  c h a n n e l s .  The NRC and  A I t  f a c i l i t i e s  

are  c e r t a i n l y  q u i t e  d i f f e r e n t  i n  t h e i r  p u r p o s e s .  S t i l l  some o v e r l a p  

e x i s t s ,  and  some problems  h a v e  a r i s e n  f rom t h e i r  l o c a t i o n  i n  t h e  s a m e  

c o u n t r y ,  a l o n g s i d e  t h e  b e n e f i t s  t h a t  t h e i r  complementary f u n c t i o n s  

g e n e r a t e  f o r  e a c h  o t h e r .  F o r  A I D ,  t h e  t w o  p r o j e c t s  h a v e  b e e n  o f  v e r y  

g r e a t  d i f f e r e n c e  i n  s i z e ,  h a v e  b e e n  p t a n n e d  and  implemented  w i t h  

I d i f f e r e n t  r e l a t i v e  roles o f  AID/W a n d  t he  Mis s ion  i n  e a c h  c a s e ,  and  

h a v e  g o t t e n  r a t h e r  d i f f e r e n t  l e v e l s  o f  a t t e n t i o n  f rom t h e  Mis s ion .  

5 .  I f  a  t e c h n o l o g y  i s  v e r y  new a n d  complex,  i t s  i n t r o d u c t i o n  i s  

l i k e l y  t o  r e q u i r e  b i g  r a t h e r  t h a n  i n c r e m e n t a l  changes .  I f  t h e  remote 

s e n s i n g  e x p e r i e n c e  i n  T h a i l a n d  i s  a  t y p i c a l  example,  s u c h  changes  w i l l  

i n c l u d e  s u b s t a n t i a l  a d v a n c e d  t r a i n i n g ;  a c c e p t a n c e  by s e n i o r  p e o p l e  

s c h o o l e a  o n l y  i n  e a r l i e r  t e c h n o l o g i e s ;  c r e a t i o n  o f  new o r g a n i z a t i o n s  

(o r  u n i t s  i n  p r e - e x i s t i n g  o r g a n i z a t i o n )  t a i l o r e d  t o  p e r f o r m  t h e  

r e q u i s i t e  new s c i e n t i f i c  t a s k s  a n d  o f  s y s t e m s  l i n k i n g  t h e  new 

o r g a n i z a t i o n s  t o  o t h e r  o r g a n i z a t i o n s  u t i l i z i n g  t h e  t e c h n o l o g y ;  

a c q u i s i t i o n  o f  complementary equ ipmen t  o r  o t h e r  i n v e s t m e n t s  i n  a r a n g e  

o f  o r g a n i z a t i o n s  t h a t  n e e d  t o  make t h e i r  awn i n t e r n a l  a d j u s t m e n t s  t o  

a d o p t  and  i n t e r n a l i z e  t h e  t e c h n o l o g y  f o r  t h e i r  own r e q u i r e m e n t s .  



6 .  F i n a l l y  it  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  t r a n s f e r  process i n  

t h i s  s u b j e c t  i n v o l v e s  a  small  number o f  p e o p l e .  The t o t a l  

p r o f e s s i o n a l  RTG c a a r e  d i r e c t l y  h a n d l i n g  remote s e n s i n g  d a t a  p r o b a b l y  

numbers  less t h a n  1 5 0 ,  o f  whom or l ly  a f r a c t i o n  a r e  s u p e r v i s o r y  a n d  

d e c i s i o n - m a k i n g .  P u t  a n o t h e r  way, a l t h o u g h  t h e  t r a n s f e r  process 

i n v o l v e s  s e v e r a l  a g e n c i e s  o f  t h e  g o v e r n m e n t  ( i n  a  g o v e r n m e n t  w h e r e  t h e  

p r o c e s s  o f  a r t i c u l a t i o n  among b u r e a u c r a c i e s  i s  known t o  be 

u n s a t i s f a c t o r y ) ,  it r e q u i r e s  a v e r y  s m a l l  number o f  i n d i v i d u a l s  t o  

b r i n g  t h e  p r o a u c t s  o f  t h e  t e c h n o l o g y  t o  t h e  e n d  p o i n t  o f  b e i n g  

i n t e g r a t e d  i n t o  i n f o r m a t i o n  s y s t e m s  t h a t  f e e d  p l a n n i n g  p r o c e s s e s .  

T h i s  c o m p a r e s  s t r i k i n g l y  w i t h  m o s t  o f  AID'S a c t i v i t i e s .  J u s t  t o  t a k e  

t h e  e x a m p l e  o f  a g r i c u l t u r e ,  A I D ' S  l a r g e s t  sector ,  t h e  e n d  p o i n t  

a p p l i c a t i o n  o f  a l l  t h e  r e s e r c h ,  seed, f e r t i l i z e r ,  p r a c t i c e s ,  

i r r i g a t i o n ,  a n d  other f a c e t s  o f  p r o d u c t i o n  o n  w h i c h  A 1 D  i n s t i t u t i o n a l  

a n d  o t h e r  p r o j e c t s  a r e  w o r k i n g ,  r e q u i r e s  a c c e p t a n c e  a n d  i m p l e m e n t a t i o n  

by l i t e r a l l y  m i l l i o n s  o f  f a r m e r  d e c i s i o n - m a k e r s .  I n  t h e  c a s e  o f  

remote s e n s i n g  USAIL, f a c e s  a n  a b s o r p t i n  community o f  a few d o z e n s .  

T h i s  h a s  i m p l i c a t i o n s  f o r  t h e  RTG a n d  f o r  d o n o r  roles i n  t h e  t r a n s f e r  

p r o c e s s  (see p o i n t s  3 a n d  4 a b o v e ) .  

I t  s h o u l d  be c l e a r  t h a t  o v e r a l l  t h e  team h a s  Seen facorably 

i m p r e s s e d  w i t h  t h e  d e v e l o p m e n t  of c a p a c i t y  a n d  u s a g e  f o u n d  i n  b o t h  N R C  

a n d  among u s e r  a g e n c i e s .  W e  a l so  t h i n k  t h e  b a s i c  i n s t i t u t i o n a l  

c o n c e p t s  a n d  ro les  a r e  correct .  A t  t h e  same t i m e  t he r e  h a v e  b e e n  

problems, n o t  a l l  o f  r e c e n t  o r i g i n ,  t h a t  h a v e  s l o w e d  t h e  p a c e  o f  

d i f f u s i o n  a n d  c a u s e d  u s e r  i r r i t a t i o n  a n d  f r u s t r a t i o n .  Some o f  these 

a r e  g e n e r c l l  p r o b l e m s  o f  RTG a d ~ r u n i s t r a t i o n  ( e . g .  p a y s c a l e ,  o r  t h e  

i n h i b i t i n g  e f f e c t s  o f  p o r  p e r s o n a l  r e l a t i o n s h i p s  i n  some i n s t a n c e s ) .  

O t h e r s  m i g h t  h a v e  b e e n  e a s e d  by a p p r o p r i a t e  U.S. ( o r  o t h e r  s o u r c e )  



a s s i s t a n c e .  One example  i s  t h e  p e r s i s t e n c e  of  equ ipmen t  n e e d s ,  some 

r e l a t i v e l y  i n e x p e n s i v e ,  t h a t  c o u l d  p e r m i t  much mre e f f e c t i v e  

a p p l i c a t i o n  o f  t h e  t e c h n o l o g y  which  i s  n w  a t  t h e  command o f  many 

T h a i s  i n  d i f f e r e n t  u s e r  a g e n c i e s .  T h e r e  is  a  p a r a l l e l  h e r e  w i t h  t h e  

common p rob lem o f  i r r i g a t i o n  p r o j e c t s  ( i n  T h a i l a n d  a n d  e l s e w h e r e ) ,  i n  

which  heavy  i n v e s t m e n t  i n  s t o r a g e  a n d  main c h a n n e l  s y s t e m s  y i e l d s  much 

l e ss  t h a n  optimum r e s u l t s  b e c a u s e  n o  i n v e s t m e n t  i s  p u t  i n t o  t h e  l a s t  

l i k e ,  the  t e r t i a ry  f a r m  c a n a l s ,  d e s p i t e  t h e  r e l a t i v e l y  modes t  cost  o f  

t h i s  m i s s i n g  e l e m e n t .  The  p o s i t i o n  o i  remote s e n s i n g  i n  T h a i l a n d  i s  

n o t  so s t a r t ,  b u t  t h e r e  a r e  complementary equipment  n e e d s  t h a t  s h o u l d  

be f i l l e d  t o  i n c r e a s e  t n e  b e n e f i t s  f rom t h e  heavy  up - s t r eam 

i n v e s t m e n t .  A n o t h e r  example  is  i n  t e c h n o l o g y  management. A l though  

t h e  RTG a n d  NRC h a v e  made commendable e f f o r t s  t o  o r g a n i z e  and  t r a i n  t o  

p romote  remote s e n s i n g  d i f f u s i o n ,  a d o p t i o n  r ema ins  uneven.  I n  

a d d i t i o n ,  NRC h a s  b e e n  o v e r l o a d e d  w i t h  t a s k s  and  h a s  h a d  d i f f i c u l t i e s  

c a r r y i n g  o u t  i t s  p r i m a r y  d a t a  p r o d u c t i o n  f u n c t i o n s .  I n  s u c h  

s i t u a t i o n s ,  o r g a n i z a t i o n s  o f  t e n  make u s e  o f  o u t s i d e  a d v i s o r y  s e r v i c e s  

t o  r e e x a m i n e  t h e i r  s t r u c t u r e  and  management processes. Any 

s i g n i f l c a n t  c o n t r i b u t  l o n  t o  s p e e d i n g  up  NRC's p r o d u c t  d e l i v e r y  

c a p a c i t y  (NRC h a s  i d e n t i f i e u  some p o s s i b i l i t i e s  on i t s  own) wou ld  h a v e  

h e l p e d  i n c r e a s e  t h e  s p r e a d  of remote s e n s i n g  a p p l i c a t i o n  a n d  r e d u c e d  

t h e  i r r i t a t i o n  among some c u s t o m e r s  f a c i n g  long  d e l a y s .  

With t h e  b e n e f i t  o f  h i n d s  i g h t ,  t h e  e v a l u a t i o n  s u g g e s t s  some 

g e n e r a l  p o i n t s  a b o u t  t h e  t e c h n o l o g y  t r a n s f e r  p r o c e s s ,  a n d  USAID's role 

i n  p a r t i c u l a r  c a s e s :  



1. More P r o j e c t  F l e x i b i l i t y  

Whenever t h e  t e c h n o l o g y  i n v o l v e d  i s  i n  a  s t a g e  o f  r a p i d  

deve lopment  i n  t h e  t e c h n o l o g i c a l l y  advanced  c o u n t r i e s ,  which means 

t h a t  b o t h  equipment  a n a  t r a i n i n g  needs  a r e  a l s o  chang ing  r a p i d l y ,  an 

A I i )  p r o j e c t  which is  p l a n n e d  t o  e x t e n d  o v e r  a  number o f  y e a r s  s h o u l d  

have  enough f l e x i b i l i t y  b u i l t  i n t o  t h e  imp lemen ta t ion  p l a n  t o  a l l o w  

f o r  s i g n i f i c a n t  a d j u s t m e n t s .  The e l a b o r a t e  AIF p r o j e c t  p l a n n i n g  

framework i s  d e s i g n e d  t o  f o r c e  s y s t e m a t i c  and  s p e c i f i c  p l a n n i n g  o f  

i n p u t s  and  o u t p u t s  f rom s t a r t  t o  f i n i s h ,  and undoub ted ly  c o n t r i b u t e s  

t o  r a i s i n g  t h e  e f f e c t i v e n e s s  o f  t h e  g e n e r a l  r u n  of  p r o j e c t .  I n  t h e  

c a s e  o f  b o t h  t h e s e  p r o j e c t s ,  t h e  r a p i d  t e c h n i c a l  a n d  i n s t i t u t i o n a l  

c h a n g e s  have  o u t r u n  t h e  a b i l i t y  o f  t h e  p r o j e c t  p l a n n e r s  t o  f o r e s e e  t h e  

needs  even  a  v e r y  few y e a r s  ahead .  

2 .  Closer Examina t ion  o f  - "Assumptions" 

I n  longf rame  p a r l a n c e ,  it is  t h e  "a s sumpt ions"  on  which  t h e  

p r o j e c t  is  based, t h a t  have  p roved  f r a g i l e .  I n  some c a s e s ,  closer 

e x a m i n a t i o n  would have  s h w n  s o m e  a s s u m p t i o n s  t o  be q u e s t i o n a b l e .  

O t h e r s  would have  been  s t a t e d  w i t h  less c e r t a i n t y ,  which c o u l d  t h e n  

have  l e d  t o  a l l w i n g  t h e  g r e a t e r  f l e x i b i l i t y  s u g g e s t e d .  

3 .  Greater USAID A t t e n t i o n  

T o  make u s e  o f  t h e  g r e a t e r  f l e x i b i l i t y  i f  it had been  b u i l t  

i n ,  would have  r e q u i r e d  much g r e a t e r  USAID invo lvemen t  and  a t t e n t i o n  

t o  t h e  t r a n s f e r  p r o c e s s  t h a n  was t h e  c a s e  w i t h  NRC or  i s  t h e  c a s e  now 

w i t h  AIT, even w i t h  t h e  much h i g h e r  l e v e l  o f  f u n d i n g  i n  t h e  l a t e r  

p r o j e c t .  Of c o u r s e ,  i t  i s  n o t  incumbent  on any d o n o r  t o  t a k e  b r o a d  

r e s p o n s i b i l i t y  o n  i t s e l f  ( a s suming  t h e  assisted i n s t i t u t i o n  i s  

i n t e r e s t e d  i n  such a donor r o l e )  for  t h e  i n s t i t u t i o n a l ,  t h e  l i n k a g e  

a n d  o t h e r  a s p e c t s  o f  t h e  d i f t u s i o n  p r o c e s s .  W i t h  t h e  NRC p r o j e c t ,  A I D  



c h o s e  a l i m i t e d  r o l e  a t  a  l o w  l e v e l  o f  fund ing .  I n  t h e  AIT p r o j e c t  

however ,  A I D  w a s  c e n t r a l  t o  t h e  i n s t i t u t i o n a l  deve lopment  i n v o l v e d  a n d  

i s  t h e  ma jo r  f u n d i n g  s o u r c e .  

I t  may be u s e f u l  t o  d i v i d e  t h e  i n s t i t u t i o n a l  and  management 

p rob lems  w e  d i s c u s s e d  i n t o  two c a t e g o r i e s ,  t h o s e  i n t e r n a l  t o  t h e  

a g e n c i e s  i n v o l v e d ,  a n d  t h o s e  c o n c e r n i n g  t h e i r  t e c h n i c a l  a n d  

o p e r a t i o n a l  r e l a t i o n s h i p s  t o  o t h e r  a g e n c i e s ,  i. e. t h e  remote s e n s i n g  

"ne twork" .  Both  i n s t i t u t i o n s  c o u l d  b e n e f i t  from s t r e n g t h e n e d  i n t e r n a l  

management. The c o m p a r a t i v e  a d v a n t a g e  o f  h i g h l y  t r a i n e d  t e c h n i c a l  

l e a d e r s h i p  a lnos t  a l w a y s  l i e s  i n  t h e i r  t e c n n i c a l  f u n c t i o n s ,  n o t  i n  t h e  

g e n e r a l  management r e s p o n s i b i l i t i e s  t h a t  a l s o  rest ,  u l t i m a t e l y ,  i n  t h e  

same l e a d e r s n i p  o f f i c e .  Both i n s t i t u t i o n s  would b e  w e l l  s e r v e d  i f  

t h e y  a r r a n g e d  t o  d e v o l v e  t h e  management r e s p o n s i b i l i t i e s  t o  d e p u t b e s  

i c a r e f u l l y  chosen  f o r  t h a t  f u n c t i o n  a l o n e .  W e  h a v e  a l s o  s u g g e s t e d  t h a t  

c o n s i d e r a t i o n  b e  g i v e n  t o  s h o r t - t e r m  c o n s u l t a n t  a s s i s t a n c e  t o  NRC t o  

a d v i s e  on t h e  p r o d u c t i o n  p r o c e s s ,  and  t o  rev iew equipment  n e e d s  o f  NRC 

a n d  u s e r  a g e n c i e s .  

I n  t h e  case o f  t h e i r  r e l a t i o n s h i p s  w i t h  o t h e r  a g e n c i e s  i n  

t h e  remote s e n s i n g  ne twork ,  w e  have  i d e n t i f i e d  problems regarding 

t r a i n i n g  n e e d s ,  for example,  t n a t  s h o u l d  b e  rev iewed by some k i n d  o f  

s t a n d i n g  c o o r a i n a t i n c j  machinery  between A I T  and  t h e  c o u n t r y  c l i e n t s .  

The  p o i n t  h e r e  i s  t h a t  A I D ,  mus t  l e s s  AIT and  NRC, s h o u l d  n o t  r e l y  on  

t h e  o c c a s i o n a l  e v a l u a t i o n  t o  p u t  s u c h  i s s u e s  on  t h e  table,  e s p e c i a l l y  

wnere  t h e  c o n d i t i o n s  are  chang ing  i n  t h e  v e r y  e a r l y  y e a r s  i n  t h e  

p r o c e s s  o f  a d o p t i o n  o f  a t e c h n o l o g y  o f  an  advanced  n a t u r e .  The 



i n s t i t u t i o n a l  c o m p l e x i t y  i s  f u r t h e r  h e i g h t e n e d  by t h e  f a c t  t h a t  t h e  

t e c h n o l o g y  t r a n s f e r  p r o c e s s  h a s  t h e  top-down, or  d isembodied  i n  

c h a r d c t e r  a s  w e  s u g g e s t e d  e a r l i e r ,  n e c e s s i t a t i n g  e f f e c t i v e  l i n k s  a n d  

relationships among a  l a r g e  number or' s e p a r a t e  a g e n c i e s ,  i n  t h e  c a s e  

o f  AIT i n  s e p a r a t e  c o u n t r i e s .  

I t  i s  n o t  i n  any way d i s r e s p e c t f u l  t o  t h e  i n d i v i d u a l s  o r  

a g e n c i e s  i n v o l v e d ,  w i t h  t h e i r  advanced  t r a i n i n g  a n d  t e c h n i c a l  

s o p h i s t i c a t i o n ,  t o  n o t e  t h e  u s e f u l  r o l e  o f  o u t s i d e  agency o r  a d v i s o r  

c a n  p l a y  i n  t h e s e  p rob lems .  R e g a r d l e s s  of  n a t i o n a l i t y ,  t h e  o u t s i d e  

a d v i s o r  w h o  i s  n o t  a  p a r t  o f  t h e  b u r e a u c r a t l c  sys t ems  or  t e c h n i c a l  

i n s t i t u t i o n s  b e i n g  a s s i s t e a  h a s  t h e  f l e x i b i l i t y  and independence  t o  

p l a y  a  h e l p f u l  role  i n  t h e s e  k i n d s  of problems.  T o  some e x t e n t  a  

U S A I D  p r o j e c t  o f f l c e r ,  o r  s c i e n c e  o f f i c e r ,  c o u l d  p l a y  s u c h  a  role. I n  

mre t e c h n i c a l  a s p e c t s ,  i t  might  b e  good t o  have  s t a n d i n g  a r r a n g e m e n t s  

t h a t  would g i v e  t h e  h o s t  i n s t i t u t i o n  i n v o l v e d  t h e  c a p a b i l i t y  of 

c a l l l n g  on c o n s u l t a n t  e x p e r t i s e  f o r  s h o r t - t e r m  rev iew of such  i s s u e s  

a s  t h e y  ar ise .  The e s s e n t i a l  p o i n t  i s  t o  e n s u r e  t h a t  t h e  whole  area 

o f  management of t h e  t e c h n o l o g y  a d o p t i o n  and  d i f f u s i o n  p r o c e s s  i s  

somehow a d a r e s s e a ,  and  t h a t  a l l  e x t e r n a l  a s s i s t a n c e  n o t  b e  l i m i t e d  t o  

t h e  t e c h n i c a l  a s p e c t s  of  t h e  t e c h n o l o g y .  

4. Rapid O b s o l e s c e n c e  

The r a p i d  o b s o l e s c e n c e  of  equipment  i n  an emerging 

t e c h n o l o g y  p r e s e n t s  complex problems f o r  d e v e l o p i n g  c o u n t r y  t h a t  

c a n n o t  a f f o r d  c o s t l y  m i s t a k e s  i n  equipment  c h o i c e  and  t h a t  must 

minimize t h e  c o s t s  e n t a i l e d  by t h e  s t e a d y  f low of new g e n e r a t i o n s  of 

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

p l a n n e r s ,  b u t  a f f e c t s  AID i n  few s u b j e c t  a r e a s  g i v e n  t h e  n a t u r e  of 

m o s t  AID p r o j e c t s .  Where it d o e s  a f f e c t  AId p r o j e c t s  however,  a s  i n  



t h i s  c a s e ,  i t  would b e  w o r t h  A I D  g i v i n g  t h e  prob lem some t h o u g h t ,  

l o o k l n g  f o r  ways i n  which t h e  agency  m i g h t  h e l p  h o s t  c o u n t r y  a g e n c i e s  

min imize  t h e  costs e n t a i l e d  by t h e  s h o r t  t i m e  l a p s e  be tween  

" g e n e r a t i o n s "  i n  t h e  t e c h n o l o g i e s  i n v o l v e d .  One p o s s i b i l i t y  may l i e  

i n  more p r o c u r e m e n t  of  e a r l i e r  g e n e r a t i o n  equipment .  Even though  t h i s  

means t h a t  t h e  u s e r  i s  e n t e r i n g  t h e  t e c h n o l o g y  a s t a g e  b e l m  t h e  

l a t e s t  c a p a b i l i t y ,  t h a t  s t a g e  may w e l l  r e p r e s e n t  a  m a j o r  enoucjh 

a d v a n c e  o v e r  methods p r i o r  t o  t h e  t e c h n o l o g y  i n  q u e s t i o n .  

Ano the r  u s e f u l  s e r v i c e  t o  meet t h i s  p rob lem,  when h o s t  

government  a g e n c i e s  a re  b u y i n g  equ ipmen t  w i t h  t h e i r  own f u n d s ,  would 

b e  p r o v i s i o n  o f  i n d e p e n d e n t  c o n s u l t a n t  a s s i s t a n c e  t o  e n s u r e  t h a t  t h e  

b u y e r s  w e r e  aware  o f  t h e  f u l l  r a n g e  o f  o p t i o n s ,  were a s s i s t e d  i f  

n e c e s s a r y  i n  con tpa ra t i ve  a n a l y s i s ,  a n d  w e r e l n o t  l i m i t e d  t o  knowledge 

i 
o f  t h e  t e c h n o l o g i e s  o f f e r e d  by t h e  v e n d o r s  who happen  t o  b e  a c t i v e  i n  

t h e  c o u n t r y .  

5 .  Scan  t h e  Whole Techno logy  -- 
I t  i s  i m p o r t a n t  t h a t  t h e  complementary  and  t o p p i n g - o f f  

equ ipmen t  needs  n o t  b e  n e g l e c t e d  when e x p e n s i v e  t e c h n o l o g y  i s  b e i n g  

i n s t a l l e d  t h a t  depends  on a " f u l l  complement" o f  c apab i l i t i e s  for i t s  

e f f e c t i v e  a p p l i c a t i o n .  A I D  m i g h t  have  i n c l u d e d  some o f  t h e s e  

r e l a t i v e l y  i n e x p e n s i v e  items i n  t h e  N R C  p r o j e c t  i f  t h e r e  h a d  been  a 

b e t t e r  s e n s e  of t h e  e n t i r e  " s y s t e m "  r e s p e c t i n g  t h e  t e c h n o l o g y ,  and  t h e  

p r o j e c t  had n o t  been l i m i t e d ,  a r b i t r a r i l y  i n  a s e n s e ,  t o  o n e  

i n s t i t u t i o n  w i t h i n  t h e  t e c h n o l o g y  comples .  



6. P r o j e c t  Des ign  Shou ld  N o t  -- B e  Technology-Dr iven  

T h e  f a c t  t h a t  a  t e c h n o l o g y  i s  " h i g h "  s h o u l d  n o t  by i t s e l f  be 

a n  e x c u s e  f o r  t r e a t i n g  t h e  a n a l y s i s  o f  i n p u t  n e e d s  d i f f e r e n t l y  f rom 

t h a t  o f  " o r d i n a r y "  p r o j e c t s .  A n a l y s i s  o f  f o r w a r d  a n d  backward  

l i n k a g e s ,  and  o f  t h e  i n s t i t u t i o n a l  a r r a n g e m e n t s  a n d  w h a t  w i l l  be 

r e q u i r e d  f o r  t h e i r  e i f e c t i v e  f u n c t i o n i n g ,  i s  p r e c i s e l y  wha t  t he  USAID 

p r o j e c t  d e s i g n  f o r m a t  i s  i n t e n d e d  t o  i n d u c e  a n d  l a y  o u t .  I n  t h e  c a s e  

o f  new, h i g h  t e c h n o l o y i e s  i t  i s  e x t r e m e l y  i m p o r t a n t  t h a t  p r o j e c t  

d e s i g n  a d h e r e  t o  t h i s  d i s c i p l i n e .  
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ANNEX IV 

ASIAN INSTITUTE OF TECHNOLOGY 

A s i a n  R e g i o n a l  Remote  S e n s i n g  T r a i n i n g  C e n t e r  (ARRSTC) 

A p r i l  2 9 ,  1 9 8 3  

CUKRIC U L U M  OUTLIhE 

I.  F u n a a m e n t a l s  o f  Remote S e n s i n g  

1. D e f i n i t i o n  a n a  P u r p o s e  o f  Remote S e n s i n g  

a .  I n f o r m a t i o n  From a D l s t a n c e  

b .  Communication L i n k s ,  S e n s o r  t o  S c e n e  

c. G e n e r a l  O v e r v i e w  o f  R e m o t e  S e n s i n g  

2 .  E l e c t r o m a g n e t i c  ( E M )  R a d i a t i o n ,  The  Common L i n ~  

a .  EM R a d i a t i o n  a n a  R a d i a t i o n  S o u r c e s  

1 ) R a d i  a t  i o n  t e r m i n o l o g y  

2 ) B l a c k b o d y  radiation 

3 )  S o l a r  r a d i a t i o n  

4 )  E a r t h  r a d i a t i o n  

5 )  T h e  e lect  r o m a g n e t i c  s p e c t r u m  

b. A t m o s p h e r i c  E f f e c t s  

c .  R e f l e c t a n c e  i n  Remote S e n s i n g  

1) R e f l e c t a n c e  i n  g e n e r a l  

2 ) L a r n b e r t i a n  r e f l e c t a n c e  

3  ) B i - d i r e c t i o n a l  r e f l e c t a n c e  

3 .  I n s t r u m e n t a t i o n  f o r  R e m o t e  S e n s i n g  

a E l e m e n t a r y  Opt ics  

b. G e n e r a l  P r i n c i p l e s  o f  I n s t r u m e n t a t i o n  

c. R a d i a t i o n  Detectors 

d .  R e m o t e  S e n s i n g  I n s t r u m e n t a t i o n  



e. Some R e m o t e  S e n s i n g  Sys tems  

1)  A i r c r a t t  s c a n n e r s  and  cameras  

2 )  S p a c e c r a f t  s c a n n e r s  and  cameras  

4 .  Fundamen ta l  C h a r a c t e r i s t i c s  of  Image D a t a  

a .  S p a t i a l  D i m e n s i o n a l i t y  

b. M u l t i p l i c i t y  o f  L a y e r s  

1 ) h u l t  i - s p e c t r a l  

c .  Image A n a l y s i s  

I I. F I  LLD INVESTIBATIONS TU SUPPORT REMOTE SENSOR DATA 

1. bcope  a n d  P u r p o s e  

a .  O r i e n t a t i o n  - P l a n n i n g  

b. V e r i f i c a t i o n  S t u d i e s  ( a c c u r a c y )  

c. T r a i n i n g  S i t e  S e l e c t i o n  

d .  S u p p o r t i n g  S t u d i e s  

e. C o r r e l a t i o n  S t u d i e s  

f .  S e n s o r  S p e c i f i c a t i o n / ~ e s i g n  S t u d i e s  

2 .  F i e l d  Approaches  -- Combinea A c t i v i t i e s  U s u a l l y  P r a c t i c e d  

a .  Documentary 

1) Maps ( s o i l s ,  g e o l o g i c ,  v e g e t a t i o n ,  a q r i c u l t u r e ,  
w a t e r  r e s o u r c e s )  

2 )  S t a t i s t i c a l  u a t a  ( i . e . ,  c e n s u s  d a t a )  

3 )  O t h e r  i n v e n t o r i e s  ( e . g . ,  h i s t o r i c a l  d a t a )  

b. R o l e  o f  " p h o t o i n t e r p r e t a t i o n "  f o r  S a t e l l i t e  Remote 
S e n s i n y  

c. " w i n d s h i e l d  S u r v e y s "  

d .  P h y s i c a l  Sampl ing ,  -- S u r f i c i a l  M a t e r i a l s ,  V e g e t a t i o n -  
C r o p s  



e. M u l t i s t a g e  ( i . g . ,  l o w  l e v e l  a i r c r a f t )  

f .  S p e c i t i c a t i o n s  f o r  Mapping a n d  C l a s s i f i c a t i o n  Keys  

g .  I n v e n t o r y  - A r e a ,  Volume M e a s u r e s  

h .  Ground  L e v e l  P h o t o g r a p h y  ana O b s e r v a t i o n  Scheme 

3 .  F i e l a  S t u d y  i n  Remote S e n s i n g  A p p l i c a t i o n s  

4.  F i e l d  S t u d i e s  R e l a t i n g  t o  ThermaJ a n d  Microwave Remote  
S e n s i n g  

I l l .  VISUAL ANALYSIS OF REMOTE SbNSOR DATA 

1. P h i l o s o p h y  a n d  T e c h n i q u e s  o f  Image I n t e r p r e t a t i o n  

a .  C o n v e r g e n c e  o f  E v i d e n c e  

b. U s i n g  T h e  S e v e n  Basic E l e m e n t s  o f  Image I n t e r p r e t a t i o n  

1 )  E t f e c t  o f  s e n s o r  t y p e  

2 )  E f f e c t  o f  scale  

4 
c. S te re fxcopy  

2 .  P h o t o g r a p h i c  S e n s o r s  

a. F i l m  C h e m i s t r y  

b. F i l m  C h a r a c t e r i s t i c  C u r v e  

c. B l a c k  a n d  White F i l m  T y p e s  

1 ) S p e c t r a l  s e n s i t i v i t y  

2 )  F i l m  a n d  F i l t e r  S e l e c t i o n  

d .  A d d i t i v e  C o l o r  T h e o r y  

1)  A a d i t i v e  colors: b l u e ,  g r e e n ,  red 

2 )  S u b t r a c t i v e  colors: y e l l o w ,  m a g e n t a ,  c y a n  

e. C o l o r  E m u l s i o n s  

1) N a t u r a l  color 

2 )  Color i n f r a r e d  

f. F i l m  ~ e s o l u t i o n / ~ p e e d  



3 .  P h o t o  M e a s u r e m e n t s  

a. F o c a l  L e n g t h ,  F l y i n g  H e i g h t ,  S c a l e  

b. P h o t o  D i s t a n c e ,  G r o u n d  D i s t a n c e ,  S c a l e  

c .  K e l i e t  L , i s p l a c e r n e n t  

d .  H o t  S p o t ,  No-shadow P o i n t  

e. S c a l e  D e t e r m i n a t i o n  

1) From k n w n  g r o u n d  d i s t a n c e  

2 )  From p l a n i m e t r i c  maps 

f .  G r o u n d  d i s t a n c e s  

g .  B e a r i n g s  

h. A r e a  M e a s u r e m e n t  

1) D o t  g r i a s  

2 )  P o l a r  p l a n i m e t e r  

4. A p p l i c a t i o n s  o f  V i s u a l  I n t e r p r e t a t i o n  

a .  R e c o c j n i t i o n  a n d  M e a s u r e m e n t  o f  L a n d  C o v e r  

1) U r b a n  f e a t u r e s  

2 )  W e t l a n d  c o v e r  t y p e s  

3 )  F o r e s t  c o v e r  t y p e s  

4 )  G r a s s l a n a  c o v e r  t y p e s  

b. R e c o y n l t i o n  a n d  M e a s u r e m e n t  o f  L a n d  Form 

1) T e r r a i n  a r ~ a l y s i s  

2 )  S o i l  t y p e s  

c.  Mapp ing  From V e r t i c a l  A e r l a l  P h o t o g r a p h y  

1)  P r o b l e m s  w i t h  r e l i e f  d i s p l a c e m e n t  

2  T y p e  mapping 

3 )  P h o t o  t o  map t r a n s t e r  t e c h n i q u e s ,  ZTS 



I V .  W A R  REMOTE SENSlNG 

1. Some P r i n c i p l e s  

a .  Def i n l t i o n  and  S c o p e  o t  A p p l i c a t i o n s  (RADAR, SLAR, SAR) 

b. O p e r a t i o n  and  Theo ry  o f  SLAR 

1) G i s t i n c t i v e  c h a r a c t e r i s t i c s  

a )  a t m o s p h e r i c  p e n e t r a b i l i t y  u n d e r  n e a r l y  a l l  
c o n d i t i o n s  

b )  microwave r e f l e c t i o n s  r e q u i r e  s e p a r a t e  
i n t e r p r e t a t i o n  k e y s - u n l i k e  v i s i b l e  or I R  

2 ) RADAR ~ a v e l e n g t h / r r e q u e n c i e s  corrimonly u s e d  

a )  K bands  

b )  X band  

c )  L-P b a n a s  

3 )  p o l a r i z a t i o n  

a )  p a r a l l e l  p o l a r i z e d  

b )  cross p o l a r i z e d  

c )  v a r i a n t s  

4 )  S p a t i a l  r e s o l u t i o n  

a )  r a n g e  direction 

b) a z i m u t h  d i r e c t i o n  

c )  p u l s e  l e n g t h  and  a n t e n n a  a p e r t u r e  
c o n s i d e r a t i o n s  

5 )  D e p r e s s i o n  a n g l e  

6 )  Overview o f  SLAR -- r e a l  a p e r t u r e  s y s t e m  

2 .  The S y n t h e t i c  A p e r t u r e  R a d a r  Sys t em (SAR) 

a. O p e r a t i o n  and  U s e  

1) U s e  o f  d o p p l e r  e f f e c t  

2 )  The  deve lopmen t  of SAR imagery 



b. The Use of SAH i n  Space 

1) SEASAT 

2 )  Space s h u t t l e  

3)  Future missions 

3. I n t e rp r e t a t i on  of Radar Imagery 

a.  Terrain Charac te r i s t i c s  and Radar Returns 

1 )  Surface geometry 

a )  d i f f u s e  r e f l e c t o r s  

b )  specular  r e f l e c t o r s  

c )  corner r e f l e c t o r s  

2 ) E l e c t r i c a l  p roper t i e s  

a )  d i e l e c t r i c  constant  

b)  r o l e  of s o i l  moisture 
j 

3 )  Role of system proper t ies!  

b. t h e  Sea and Raday Returns 

1)  Role of system proper t i e s  

2 )  Surface Geometry of t h e  sea 

4. Applications o i  Raaar Remote Sensing Data 

a .  Kadargrammetry 

b. Dis tor t ion  Problems -- Rel ie f ,  Scale,  Layover 

c. Look Direction 

d.  Environmental Analysis 

1)  Emagery use /o r i en ta t ion  

2 )  Drainage overlay 

3 )  Geologic overlay -- regional  and l oca l  

4)  Land cover overlay 

5. Enhancement of Space Shu t t l e ,  SAH. 



V .  COMPUTER ANALYSIS OF REblOTELY SENSED DATA 

1. F u n a a m e n t a l s  o f  Image E n h a n c e m e n t  

a .  G e n e r a t i n 2  C o l o r  C o m p o s i t e s  

1)  S t a n d a r d  f a l s e  c o l o r  composite 

2  ) S p e c i a l i z e d  c o m p o s i t e s  

a )  t w o  b a n d  composites 

b )  v a r i o u s  color  a s s i g n m e n t s  

b. C o l o r  D e n s i t y  S l i c i n g  

c .  C o n t r a c t  S t r e t c h i n 9  

1) L i n e a r  

2 )  H i s t o g r a m  e q u i l i z a t i o n  

3  ) User s p e c i f i e d  s t r e t c h  f u n c t i o n s  

d .  E a g e  Enhancemen t  

e. S p a t i a l  F i l t e r s  

2 .  F u n d a m e n t a l s  o f  P a t t e r n  R e c o g n i t i o n  

a .  hhat i s  a P a t t e r n ?  

b. Geometric I n t e r p r e t a t i o n  o f  P a t t e r n  R e c o g n i t i o n  

c. T r a i n i n g  a P a t t e r n  C l a s s i f i e r  

d .  T h e  Statistical A p p r o a c h  t o  P a t t e r n  R e c o g n i t i o n  

e .  S t a r i s t i c a l  C h a r a c t e r i z a t i o n  o f  Data 

f .  Discriminant F u n c t l o n s  B a s e d  on S t a t i s t i c a l  A n a l y s i s  

g .  E v a l u a t i n g  t h e  C l a s s i f i e r  

1) E r r o r  e s t i m a t i o n  f r o m  t r a i n i n g  da ta  

2 )  E r r o r  e s t i m a t i o n  f r o m  t e s t  d a t a  

3 )  I n u l r e c t  es t imates o f  c l a s s i f i e r  e r r o r  



h .  S t a t i s t i c a l  S e p a r a b i l i t y  a n a  F e a t u r e  S e l e c t i o n  

1 ) D i v e r g e n c e  

2 )  J-M d i s t a n c e  

i. F e a t u r e  E x t r a c t  i o n  

1) S u b s e t s  

2 )  R a t i o s  

3 )  L i n e a r  c o m b i n a t i o n s  

j .  C l u s t e r i n y :  U n s u p e r v i s e d  A n a l y s i s  

k .  Summary: P u t t i n g  t h e  P i e c e s  T o g e t h e r  

3 .  Apply ing  t h e  Q u a n t i t i a t i v e  Approach 

a .  Key S t e p s  i n  C a r r y i n g  Ou t  a  R e m o t e  S e n s i n g  P r o j e c t  

b. Crop identification a n d  A r e a  E s t i m a t i o n  

c. F o r e s t  Cover  Mapping 

d .  Geolocjic Mapping 

e. C o a s t a l  zone  Napping 

f. A d a i t i o n a l  A p p l i c a t i o n s  a s  R e q u i r e d  

V I  . COMPUTEKIZEL, GEOGRAPHIC INFORMATION SYSTLIYS 

1. I m p o r t a n t  C h a r a c t e r i s t i c s  o f  G e o g r a p h i c  I n f o r m a t i o n  

a .  Uses (why o v e r l a y  a n d  a g g r e g a t i o n  would  b e  d e s i r e a b l e )  

1) E r o s i o n  model 

2 )  Urban e x p a n s i o n  

3 )  ~ o r e s t r y / ~ g r i c u l t u r e  

4)  D i i f e r e n c e  images  

b. S o u r c e s  of I n i t i a l  D a t a  

1 ) P h o t o i n t e r p r e t a t i o n  

2 )  Maps 

3 )  Fie l c l  

4 )  Imagery 



c.  S p a t i a l  C h a r a c t e r i s t i c s  of These Data 

1)  Resolution 

2 )  Physical  s ize/coverage 

3)  Scale  

4 )  Northing ( r o t a t i o n )  

6 )  Compilation ( i n t e r p r e t a t i o n  methods ) -- l i n e  
placement 

7 )  Shr ink / s t r e t ch  -- base ma te r i a l  

d. C l a s s i f i c a t i o n  C h a r a c t e r i s t i c s  

1 ) C l a s s i f i c a t i o n  terminologies 

2 )  Basic vs i n t e r p r e t e d  c l a s s e s  -- advantages and 
problems 

j 3 )  Mutually exclusive c l a s s e s  

e.  Methods f o r  Resolving 

1 )  D i g i t a l  

2 )  Manual 

3 )  In teg ra t ion  of da ta  

2 .  Methods Used t o  Dig i t i ze  Data 

a .  Relat ionship t o  an I m a g e  

b. How Digitizes Data a r e  Stored 

c .  How Orig ina l  Data a r e  Edited,  Terra in  Unit Concept 

3 .  Basic Storage ana Map Concepts 

a .  X ,  Y ,  Z 

b. Point ,  Line, Polygon (and v a r i a t i o n s )  

c .  Line/Sample 



4.  B a s i c  A n a l y s i s  

a .  S i n g l e  V a r i a b l e  (map) 

1)  D i s t a n c e  c a l c u l a t i o n  

2 )  Area  c a l c u l a t i o n  

3 )  S e a r c h e s  

4 )  A g g r e g a t i o n s  

5 )  R e a s s i g n i n g  v a l u e s  

b. M u l t l p l e V a r i a b l e s  

1) O v e r l a y  and sample  ( C o o k i e - C u t t e r )  

2 )  O v e r l a y  and  r e v a l u e  ( " m o u e l i n g " )  

a )  a d d i t i v e  

b )  g e n e r a l i z e d  w e i g n t e a  o v e r l a y  

c )  o p e r a t i o n a l  ( e . g . ,  s o i l  loss c a l c u l a t i o n s )  

5 .  A p p l i c a t i o n  of G I s  Technology t o  S i t e  a  N e w  Town 

a .  D i g i t i z e  B a s i c  D a t a  

b. ~ ~ p o r t u n i t y / ~ o n s t r a i n t  I n t e r p r e t a t i o n s  a r e  I a e n t i f i e d  

c. C a p a b i l i t y / ~ u i t a b i l i t y  C r i t e r i a  Developed  f o r  Given 
Goal  

6 .  G I s  A n a l y s i s  Models 

a .  Q u a i i t a t i v e  M o d e l s  

b. Q u a n t i t a t i v e  A n a l y s i s  

c .  M u l t i p l e  P a r a m e t e r  A n a l y s i s  

d .  R e l a t i o n  Between Model Des ign  and  O u t p u t  

e .  M u l t i s p e c t r a l  Bands a s  G I s  Da ta  P l a n e s .  


